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1 INTRODUCTION

RQH[DQW·V =RGLDF IDPLO\ RI *OREDO 3RVLWLRQLQJ 6\VWHP �*36� UHFHLYHUV DUH VLQJOH�ERDUG� �� SDUDOOHO�FKDQQHO UHFHLYHU

HQJLQHV� (DFK ERDUG LV LQWHQGHG DV D FRPSRQHQW IRU DQ 2ULJLQDO (TXLSPHQW 0DQXIDFWXUHU �2(0� SURGXFW� :KLOH

WKH ERG\ RI WKLV 'HVLJQHUV· *XLGH SURYLGHV LQIRUPDWLRQ FRPPRQ WR WKH HQWLUH =RGLDF IDPLO\� VSHFLILF WHFKQLFDO

LQIRUPDWLRQ IRU D SDUWLFXODU ERDUG SURGXFW FDQ EH IRXQG LQ WKH DSSHQGL[HV�

(DFK RI WKHVH UHFHLYHUV FRQWLQXRXVO\ WUDFNV DOO VDWHOOLWHV LQ YLHZ DQG SURYLGHV DFFXUDWH VDWHOOLWH SRVLWLRQLQJ GDWD� 7KH\ DUH

GHVLJQHG IRU KLJK SHUIRUPDQFH DQG PD[LPXP IOH[LELOLW\ LQ D ZLGH UDQJH RI 2(0 FRQILJXUDWLRQV LQFOXGLQJ KDQGKHOGV�

SDQHO PRXQWV� VHQVRUV� DQG LQ�YHKLFOH DXWRPRWLYH SURGXFWV� 7KH KLJKO\ LQWHJUDWHG GLJLWDO UHFHLYHUV LQFRUSRUDWH WZR

FXVWRP &RQH[DQW GHYLFHV LQFOXGLQJ WKH &RQH[DQW =RGLDF FKLS VHW� WKH *HPLQL�3LVFHV 0RQR3DF� DQG WKH 6FRUSLR

'LJLWDO 6LJQDO 3URFHVVRU �'63�� 7KH FRPELQDWLRQ RI FXVWRP GHYLFHV PLQLPL]HV WKH UHFHLYHUV· VL]H WR DERXW �� VTXDUH

FHQWLPHWHUV DQG VDWLVILHV KDUVK LQGXVWULDO UHTXLUHPHQWV�

1.1 Product Overview _____________________________________________________

����� 'HVFULSWLRQ� 7KH &RQH[DQW =RGLDF IDPLO\ RI

*36 UHFHLYHUV �WKH -XSLWHU PRGHO LV VKRZQ LQ )LJXUH ��

�� GHFRGHV DQG SURFHVVHV VLJQDOV IURP DOO YLVLEOH *36

VDWHOOLWHV� 7KHVH VDWHOOLWHV� LQ YDULRXV RUELWV DURXQG WKH

(DUWK� EURDGFDVW UDGLR IUHTXHQF\ �5)� UDQJLQJ FRGHV

DQG QDYLJDWLRQ GDWD PHVVDJHV� 7KH =RGLDF UHFHLYHUV XVH

DOO DYDLODEOH VLJQDOV WR SURGXFH D KLJKO\ DFFXUDWH DQG

UREXVW QDYLJDWLRQ VROXWLRQ WKDW FDQ EH XVHG LQ D ZLGH

YDULHW\ RI HQG SURGXFW DSSOLFDWLRQV�

7KH =RGLDF UHFHLYHUV DUH SDFNDJHG RQ �� VTXDUH

FHQWLPHWHU SULQWHG FLUFXLW ERDUGV LQWHQGHG IRU KDUVK

LQGXVWULDO DSSOLFDWLRQV� 7KH UHFHLYHUV UHTXLUH

FRQGLWLRQHG '& SRZHU DQG D *36 VLJQDO IURP D SDVVLYH

RU DFWLYH DQWHQQD� 7R SURYLGH WKH ORZHVW WRWDO V\VWHP

FRVW ZLWK PLQLPDO SRZHU FRQVXPSWLRQ� HDFK RI WKH

UHFHLYHUV SURYLGH RQO\ WKRVH FRPSRQHQWV WKDW DUH

UHTXLUHG IRU WKH PDMRULW\ RI DSSOLFDWLRQV� )RU LQVWDQFH�

LI D SDVVLYH DQWHQQD FDQ EH XVHG LQ FORVH SK\VLFDO

SUR[LPLW\ WR WKH UHFHLYHU� QR SUHDPSOLILHU LV UHTXLUHG�

7KH DOO�LQ�YLHZ WUDFNLQJ RI WKH =RGLDF UHFHLYHU IDPLO\

SURYLGHV UREXVW SHUIRUPDQFH LQ DSSOLFDWLRQV WKDW

UHTXLUH KLJK YHKLFOH G\QDPLFV DQG LQ DSSOLFDWLRQV WKDW

&

Figure 1-1. The Conexant Jupiter GPS Receiver (Top View Shown Approximately 4x Actual Size)
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RSHUDWH LQ DUHDV RI KLJK VLJQDO EORFNDJH VXFK DV GHQVH

XUEDQ FHQWHUV� 7KH UHFHLYHUV FRQWLQXRXVO\ WUDFN DOO

YLVLEOH *36 VDWHOOLWHV DQG XVH DOO WKH PHDVXUHPHQWV WR

SURGXFH DQ RYHUGHWHUPLQHG� VPRRWKHG QDYLJDWLRQ

VROXWLRQ� 7KLV VROXWLRQ LV UHODWLYHO\ LPPXQH WR WKH

SRVLWLRQ MXPSV LQGXFHG E\ EORFNDJH WKDW FDQ RFFXU LQ

RWKHU UHFHLYHUV ZLWK IHZHU FKDQQHOV�

7KH ���FKDQQHO DUFKLWHFWXUH SURYLGHV UDSLG 7LPH�7R�

)LUVW�)L[ �77))� XQGHU DOO VWDUWXS FRQGLWLRQV� :KLOH WKH

EHVW 77)) SHUIRUPDQFH LV DFKLHYHG ZKHQ WLPH RI GD\

DQG FXUUHQW SRVLWLRQ HVWLPDWHV DUH SURYLGHG WR WKH

UHFHLYHU� WKH IOH[LEOH =RGLDF VLJQDO DFTXLVLWLRQ V\VWHP

WDNHV DGYDQWDJH RI DOO DYDLODEOH LQIRUPDWLRQ WR SURYLGH D

UDSLG 77))� $FTXLVLWLRQ LV JXDUDQWHHG XQGHU DOO

LQLWLDOL]DWLRQ FRQGLWLRQV DV ORQJ DV YLVLEOH VDWHOOLWHV DUH

QRW REVFXUHG�

7R PLQLPL]H 77)) IROORZLQJ D SRZHU GRZQ� HDFK RI

WKH =RGLDF UHFHLYHUV FDQ DFFHSW H[WHUQDO YROWDJH WR

PDLQWDLQ SRZHU WR WKH 6WDWLF 5DQGRP�$FFHVV 0HPRU\

�65$0� DQG 5HDO�7LPH &ORFN �57&� IRU SHULRGV

IROORZLQJ WKH ORVV RI SULPH SRZHU� 7KH XVH RI H[WHUQDO

YROWDJH DVVXUHV WKH VKRUWHVW SRVVLEOH 77)) IROORZLQJ D

VKRUW SRZHU GRZQ� 7KH 2(0 PD\ H[WHQG WKH

RSHUDWLRQ RI WKH 57& E\ SURYLGLQJ VWDQGE\ SRZHU RQ D

FRQQHFWRU SLQ LQ ZKLFK FDVH D VKRUW 77)) LV DFKLHYHG

E\ XVLQJ WKH 57& WLPH GDWD DQG SULRU SRVLWLRQ GDWD

IURP WKH UHFHLYHU·V (OHFWULFDO (UDVHDEOH 3URJUDPPDEOH

5HDG�2QO\ 0HPRU\ �((3520��

7KH =RGLDF IDPLO\ VXSSRUWV WZR GLPHQVLRQDO ���'�

RSHUDWLRQ ZKHQ OHVV WKDQ IRXU VDWHOOLWHV DUH DYDLODEOH RU

ZKHQ UHTXLUHG E\ RSHUDWLQJ FRQGLWLRQV� $OWLWXGH

LQIRUPDWLRQ UHTXLUHG IRU ��' RSHUDWLRQ LV GHWHUPLQHG

E\ WKH UHFHLYHU RU PD\ EH SURYLGHG E\ WKH 2(0�

7KH =RGLDF UHFHLYHUV FRQWDLQ WZR LQGHSHQGHQW VHULDO

SRUWV� RQH RI ZKLFK LV FRQILJXUHG IRU SULPDU\ LQSXW DQG

RXWSXW GDWD IORZ XVLQJ WKH 1DWLRQDO 0DULQH (OHFWURQLFV

$VVRFLDWLRQ �10($������ IRUPDW RU &RQH[DQW ELQDU\

PHVVDJH IRUPDW� 7KH VHFRQG SRUW LV XVHG WR UHFHLYH

'LIIHUHQWLDO *36 �'*36� FRUUHFWLRQV LQ WKH 5DGLR

7HFKQLFDO &RPPLVVLRQ )RU 0DULWLPH 6HUYLFHV �57&0

6&����� IRUPDW� 7KH UHFHLYHUV VXSSRUW '*36

RSHUDWLRQV IRU GUDPDWLFDOO\ LPSURYHG DFFXUDFLHV RYHU

VWDQGDUG *36�

$ FRPSOHWH GHVFULSWLRQ RI WKH VHULDO GDWD LQWHUIDFH IRU

WKH HQWLUH =RGLDF IDPLO\ RI *36 UHFHLYHUV LV FRQWDLQHG

LQ WKLV 'HVLJQHUV· *XLGH�

)RU DSSOLFDWLRQV WKDW UHTXLUH WLPLQJ V\QFKURQL]DWLRQ WR

*36 DFFXUDFLHV� WKH =RGLDF UHFHLYHUV SURYLGH DQ RXWSXW

WLPLQJ SXOVH WKDW LV V\QFKURQL]HG WR RQH VHFRQG

8QLYHUVDO 7LPH &RRUGLQDWHG �87&� ERXQGDULHV�

����� 5HFHLYHU $UFKLWHFWXUH� )LJXUH ��� LOOXVWUDWHV WKH

LQWHUQDO DUFKLWHFWXUH RI WKH =RGLDF UHFHLYHUV� (DFK

UHFHLYHU LV GHVLJQHG DURXQG WZR FXVWRP &RQH[DQW

GHYLFHV WKDW FRQWDLQ PRVW RI WKH UHTXLUHG *36

IXQFWLRQDOLW\� 7KH *HPLQL�3LVFHV 0RQR3DF� FRQWDLQV

DOO WKH 5) GRZQFRQYHUVLRQ DQG DPSOLILFDWLRQ FLUFXLWU\�

DQG SUHVHQWV VDPSOHG GDWD WR WKH 6FRUSLR GHYLFH� 7KH

6FRUSLR GHYLFH FRQWDLQV DQ LQWHJUDO PLFURSURFHVVRU DQG

DOO *36 VSHFLILF VLJQDO SURFHVVLQJ KDUGZDUH� 0HPRU\

DQG RWKHU VXSSRUWLQJ FRPSRQHQWV FRQILJXUH WKH

UHFHLYHU LQWR D FRPSOHWH QDYLJDWLRQ V\VWHP�

)LJXUH ��� LOOXVWUDWHV DQ DUFKLWHFWXUH WKDW PLJKW EH XVHG

WR LQWHJUDWH D SDUWLFXODU =RGLDF UHFHLYHU ZLWK DQ

DSSOLFDWLRQV SURFHVVRU WKDW GULYHV SHULSKHUDO GHYLFHV

VXFK DV D GLVSOD\ DQG NH\ERDUG� 7KH LQWHUIDFH EHWZHHQ

WKH DSSOLFDWLRQV SURFHVVRU DQG WKH =RGLDF UHFHLYHU LV

WKURXJK WKH VHULDO GDWD LQWHUIDFH�
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� ,QWURGXFWLRQ =RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH

3DJH ��� &RQH[DQW 6\VWHPV� ,QF ����

1.2 Features_____________________________________________________________

7KH =RGLDF IDPLO\ RI *36 UHFHLYHUV RIIHUV WKH IROORZLQJ SK\VLFDO� RSHUDWLRQDO� DQG VXSSRUW IHDWXUHV�

• 2(0 SURGXFW GHYHORSPHQW LV IXOO\ VXSSRUWHG WKURXJK DSSOLFDWLRQV HQJLQHHULQJ�

• 2QH RI WKH VPDOOHVW� PRVW FRPSDFW *36 UHFHLYHU IRRWSULQWV PHDVXULQJ �����µ [ �����µ [ �����µ �DSSUR[LPDWHO\ �� [

�� [ �� PP��

• 7ZHOYH SDUDOOHO VDWHOOLWH WUDFNLQJ FKDQQHOV�
• 6XSSRUWV 10($����� GDWD SURWRFRO�

• 'LUHFW� GLIIHUHQWLDO 57&0 6&���� GDWD FDSDELOLW\ GUDPDWLFDOO\ LPSURYHV SRVLWLRQLQJ DFFXUDF\� $YDLODEOH LQ ERWK

&RQH[DQW ELQDU\ DQG 10($ KRVW PRGHV�

• 6WDWLF QDYLJDWLRQ HQKDQFHPHQWV WR PLQLPL]H ZDQGHU GXH WR 6$�

• 'HVLJQHG IRU SDVVLYH RU DFWLYH DQWHQQDV IRU ORZHVW V\VWHP FRVW�

• $GDSWLYH WKUHVKROG�EDVHG VLJQDO GHWHFWLRQ IRU LPSURYHG UHFHSWLRQ RI ZHDN VLJQDOV�

• 0D[LPXP QDYLJDWLRQ DFFXUDF\ DFKLHYDEOH ZLWK WKH 6WDQGDUG 3RVLWLRQLQJ 6HUYLFH �636��

• (QKDQFHG 77)) XSRQ SRZHU�XS ZKHQ LQ D ´.HHS�$OLYHµ SRZHU FRQGLWLRQ EHIRUH VWDUW�XS�

• 0HHWV ULJLG VKRFN DQG YLEUDWLRQ UHTXLUHPHQWV LQFOXGLQJ ORZ�IUHTXHQF\ YLEUDWLRQ�

• $XWRPDWLF $OWLWXGH +ROG 0RGH IURP 7KUHH�'LPHQVLRQDO WR 7ZR�'LPHQVLRQDO QDYLJDWLRQ�

• $XWRPDWLF FROG VWDUW DFTXLVLWLRQ SURFHVV �ZKHQ QR LQLWLDOL]DWLRQ GDWD LV HQWHUHG E\ WKH XVHU��

• 0D[LPXP RSHUDWLRQDO IOH[LELOLW\ DQG FRQILJXUDELOLW\ YLD XVHU FRPPDQGV�

• $ELOLW\ WR DFFHSW H[WHUQDOO\ VXSSOLHG LQLWLDOL]DWLRQ GDWD�

• 7KUHH�6DWHOOLWH 1DYLJDWLRQ VWDUWXS IURP DFTXLVLWLRQ�

• 8VHU VHOHFWDEOH VDWHOOLWHV�
• 8VHU VHOHFWDEOH YLVLEOH VDWHOOLWH PDVN DQJOH�

• 6WDQGDUG PLFURPLQLDWXUH FRD[LDO 5) MDFN UHFHSWDFOH�

• 6WDQGDUG �[�� SLQ�ILHOG ,�2 FRQQHFWRU�



=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH � 'HYHORSPHQW .LW 6HWXS DQG 2SHUDWLRQ

���� &RQH[DQW 6\VWHPV� ,QF 3DJH ���

2 DEVELOPMENT KIT SETUP AND OPERATION

KH &RQH[DQW =RGLDF70 'HYHORSPHQW .LW LV GHVLJQHG WR IDFLOLWDWH HYDOXDWLRQ RI &RQH[DQW·V -XSLWHU *OREDO
3RVLWLRQLQJ 6\VWHP �*36� UHFHLYHU HQJLQH EDVHG RQ WKH =RGLDF FKLS VHW� 7KH UHFHLYHU FDQ EH XVHG LQ ERWK VWDWLF DQG

PRELOH RSHUDWLRQV IRU HYDOXDWLRQ SXUSRVHV�

7KH 'HYHORSPHQW .LW LPSOHPHQWV WKH UHFHLYHU FRQWURO RSHUDWLRQ DQG LQSXW�RXWSXW �,�2� IXQFWLRQV RI WKH *36 UHFHLYHU
XVLQJ DQ ,%0�$7 FRPSDWLEOH SHUVRQDO FRPSXWHU �3&�� D VHULDO SRUW� H[WHUQDO DQWHQQD� DQG SRZHU VXSSO\� 7KH *36
UHFHLYHU LV FRQWDLQHG LQ D KRXVLQJ ZLWK ,�2 FRQQHFWRUV� VWDWXV /('V� DQG FRQILJXUDWLRQ ',3 VZLWFKHV DV VKRZQ LQ )LJXUH
����

7KLV VHFWLRQ H[SODLQV KRZ WR FRQILJXUH WKH 'HYHORSPHQW .LW DQG WKH UHFHLYHU� DQG KRZ WR VHW XS WKH WHVW HTXLSPHQW�

/$%021� WKH *36 PRQLWRU DQG FRQWUROOHU VRIWZDUH� LV SURYLGHG ZLWK WKH 'HYHORSPHQW .LW WR FRPPXQLFDWH ZLWK WKH
UHFHLYHU� 7KLV VRIWZDUH UXQV RQ WKH 3& DQG DOORZV WKH XVHU WR FRQWURO WKH UHFHLYHU DQG WR GLVSOD\ WKH UHFHLYHU RXWSXW
PHVVDJH GDWD� ([WHUQDOO\ VXSSOLHG 5DGLR 7HFKQLFDO &RPPLVVLRQ IRU 0DULWLPH 6HUYLFHV �57&0 6&����� GDWD FDQ DOVR EH
ORJJHG XVLQJ D VHFRQG 3& VHULDO SRUW LI GHVLUHG� 7KH /$%021 VRIWZDUH VRXUFH FRGH LV LQFOXGHG WR SURYLGH D UHIHUHQFH
IRU VLPLODU 2ULJLQDO (TXLSPHQW 0DQXIDFWXUHU �2(0� FRGH LPSOHPHQWDWLRQV� 5HIHU WR 6HFWLRQ � IRU GHWDLOV RQ KRZ WR XVH
/$%021�

2.1 Equipment Supplied ___________________________________________________

7KH 'HYHORSPHQW .LW FRQWDLQV WKH IROORZLQJ LWHPV DV
GHSLFWHG LQ )LJXUH ����

�� -XSLWHU UHFHLYHU� SRZHU VXSSO\� YROWDJH
UHJXODWRUV� DQG 56���� GULYHUV LQ KRXVLQJ�

�� $FWLYH SDWFK DQWHQQD ZLWK PDOH 60$ FRQQHFWRU�

�� 7ZR 56���� FDEOHV ZLWK IHPDOH '%��
FRQQHFWRUV DW ERWK HQGV�

�� ���9 $&� �� +]��� 9'& SRZHU DGDSWHU�

�� �� 9'& DXWRPRWLYH SRZHU DGDSWHU�

�� -XSLWHU *36 5HFHLYHU 'DWD 6KHHW�

�� =RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH�

�� =RGLDF /$%021 VRIWZDUH RQ D ����LQFK
GLVNHWWH�

7

Figure 2-1. Front (Top) And Rear (Below) Panels Of The Development Kit
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� 'HYHORSPHQW .LW 6HWXS DQG 2SHUDWLRQ =RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH

3DJH ��� &RQH[DQW 6\VWHPV� ,QF ����

2.2 Equipment Needed____________________________________________________

7KH IROORZLQJ 2(0 VXSSOLHG HTXLSPHQW LV DOVR
UHTXLUHG� DV D PLQLPXP� WR WHVW WKH -XSLWHU *36
UHFHLYHU�

�� ,%0�$7 FRPSDWLEOH 3& SURFHVVRU ZLWK DW OHDVW
RQH DYDLODEOH VHULDO SRUW� D ����LQFK GLVNHWWH
GULYH� DW OHDVW ��� N% 5$0 DQG '26 YHUVLRQ ���
RU JUHDWHU�

$ ODSWRS RU SRUWDEOH 3& LV KLJKO\ UHFRPPHQGHG
VLQFH LW DOORZV WKH UHFHLYHU WR EH HDVLO\ HYDOXDWHG
LQ DQ RXWGRRU HQYLURQPHQW ZKHUH *36 VLJQDOV
DUH PRUH DFFHVVLEOH�

�� &RORU PRQLWRU ZLWK 9*$ RU (*$� RU
PRQRFKURPH PRQLWRU ZLWK 9*$ �QR
PRQRFKURPH ZLWK (*$��

�� 57&0 GDWD VRXUFH �UHTXLUHG RQO\ LI WKH
GLIIHUHQWLDO FDSDELOLW\ LV EHLQJ WHVWHG��

�� &DEOLQJ WR FRQQHFW WKH 57&0 GDWD VRXUFH WR WKH
VHFRQG 3& VHULDO SRUW DQG WKH UHFHLYHU·V
$X[LOLDU\ SRUW IRU VLPXOWDQHRXV 57&0 6&����
GDWD FROOHFWLRQ DQG '*36 RSHUDWLRQ� $ ULEERQ
FDEOH ZLWK WKUHH FRQQHFWRUV LV UHFRPPHQGHG�

2.3 Description of The Development Kit _____________________________________

7KH 'HYHORSPHQW .LW IHDWXUHV GXDO 56���� OHYHO VHULDO
GDWD ,�2 SRUWV� VHOHFWDEOH ELDV YROWDJHV IRU DFWLYH *36
DQWHQQDV� SRUW FRQILJXUDWLRQV� PHVVDJH SURWRFROV� DQG
IOH[LEOH LQWHUQDO ´.HHS�$OLYHµ EDFN�XS SRZHU PRGHV
IRU ERWK WKH 6WDWLF 5DQGRP�$FFHVV 0HPRU\ �65$0�
DQG WKH ORZ SRZHU WLPH VRXUFH�

7KH NLW DOVR LQFOXGHV WKH QHFHVVDU\ FLUFXLWU\ WR FRQYHUW
WKH UHFHLYHU·V &RPSOLPHQWDU\ 0HWDO 2[LGH
6HPLFRQGXFWRU �&026� OHYHO RXWSXW WR 56���� OHYHO�

VHULDO GDWD ,�2� 7KH WZR VHULDO GDWD SRUWV DUH 56����� ��
SLQ '�6XEPLQLDWXUH FRQQHFWRUV�

����� +RVW 6HULDO 3RUW� 7KH +RVW VHULDO SRUW� ODEHOOHG
6HULDO 3RUW �� LV XVHG WR VHQG DQG UHFHLYH ERWK ELQDU\
DQG 1DWLRQDO 0DULQH (OHFWURQLFV $VVRFLDWLRQ �10($�
����� LQLWLDOL]DWLRQ DQG FRQILJXUDWLRQ GDWD PHVVDJHV�

����� $X[LOLDU\ 6HULDO 3RUW� 7KH $X[LOLDU\ VHULDO SRUW�
ODEHOOHG 6HULDO 3RUW �� LV GHGLFDWHG WR WKH UHFHSWLRQ RI
57&0 6&���� 'LIIHUHQWLDO *36 �'*36� FRUUHFWLRQ

Figure 2-2. Development Kit Components

Zodiac GPS Receiver Family
Designer's Guide

LABMON
Software

(1)

(3)

(2)

(7)

Jupiter GPS
Data Sheet

(6)

(8)

(5)

(4)ANTENNA

SERIAL PORT 1 SERIAL PORT 2
1                         8

DC POWER
9-16 VOLTS

+-
CLOCK

OUT
1 2 3 4 5 6 7 8

C035



=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH � 'HYHORSPHQW .LW 6HWXS DQG 2SHUDWLRQ

���� &RQH[DQW 6\VWHPV� ,QF 3DJH ���

PHVVDJHV� 1R GDWD LV RXWSXW IURP WKH UHFHLYHU WKURXJK
WKH $X[LOLDU\ SRUW�

����� $X[LOLDU\ 7HVW &RQQHFWRU� $Q DX[LOLDU\ RXWSXW
FRQQHFWRU� ODEHOOHG &ORFN 2XW� RQ WKH 'HYHORSPHQW
.LW DOORZV WKH 2(0 SURFHVVRU WR DFFHVV WKH � SXOVH�
SHU�VHFRQG �� 336� WLPH PDUN DQG �� N+] WLPH PDUN
VLJQDOV� 7KH VLJQDOV DYDLODEOH DW WKH DX[LOLDU\ WHVW
FRQQHFWRU DUH EXIIHUHG &026 OHYHO RXWSXWV GULYHQ E\
D ��/6�� &026 LQYHUWLQJ EXIIHU GHYLFH�

����� '& 3RZHU 5HJXODWLRQ� 7KH NLW DOVR LQFOXGHV WKH
QHFHVVDU\ FLUFXLWU\ WR UHJXODWH WKH '& SRZHU LQSXW DQG
WR SURYLGH WKH QHFHVVDU\ VXSSO\ YROWDJHV WR WKH UHFHLYHU�

7KH 'HYHORSPHQW .LW ERDUG FRQWDLQV MXPSHU EORFNV
ZKLFK DOORZ WKH 2(0 WR LQVHUW D FXUUHQW PHDVXULQJ
GHYLFH LQOLQH ZLWK WKH SULPDU\ DQG 5HDO�7LPH &ORFN
�57&� SRZHU OLQHV WR WKH UHFHLYHU WR PRQLWRU SRZHU
XVDJH XQGHU YDULRXV FRQGLWLRQV� 7R LVRODWH WKH UHFHLYHU
IURP WKH 'HYHORSPHQW .LW� DQ HOHFWURQLF EXV VZLWFK LV
XVHG� 7KLV VZLWFK LV FRQWUROOHG H[WHUQDOO\ E\ D ',3
VZLWFK RQ WKH NLW� 7KH EXV VZLWFK DOVR SURYLGHV FRQWURO
RYHU WKH EXV YROWDJH OHYHO� $ MXPSHU EORFN LV SURYLGHG
WR VHOHFW WKH LQWHUIDFH YROWDJH OHYHO WR EH XVHG�

'& SRZHU IRU WKH 'HYHORSPHQW .LW LV SURYLGHG E\
HLWKHU DQ $&�'& FRQYHUWHU RU DXWRPRELOH DGDSWHU� 7KH
$&�'& FRQYHUWHU RSHUDWHV IURP D QRPLQDO ��� 9$&
# �� +] LQSXW DQG SURYLGHV D �� 9'& # ��� P$ RXW�
)RU PRELOH RSHUDWLRQ� DQ DXWRPRWLYH DGDSWHU LQWHQGHG
IRU XVH LQ ��9 YHKLFOHV LV SURYLGHG� )RXU IURQW SDQHO
/('V SURYLGH WKH 'HYHORSPHQW .LW·V EDVLF VWDWXV
LQGLFDWRUV� $ PRPHQWDU\ SXVKEXWWRQ VZLWFK LV SURYLGHG
RQ WKH 'HYHORSPHQW .LW ERDUG WR JHQHUDWH D PDVWHU
UHVHW VLJQDO WR WKH UHFHLYHU�

����� ,QWHUIDFH &DEOHV� 5LEERQ FDEOHV DUH SURYLGHG WR
LQWHUIDFH EHWZHHQ WKH 'HYHORSPHQW .LW DQG WKH
FXVWRPHU·V 3&� DQG EHWZHHQ WKH 'HYHORSPHQW .LW DQG
D '*36 UHFHLYHU� 7KHVH FDEOHV DUH WHUPLQDWHG DW ERWK
HQGV ZLWK IHPDOH FRQQHFWRUV WR PDWFK WKH PDOH
FRQQHFWRUV RQ WKH 'HYHORSPHQW .LW DQG WKH 3&�

����� 7KH $FWLYH $QWHQQD� $ PDJQHWLF PRXQW� DFWLYH
DQWHQQD LV VXSSOLHG ZLWK WKH NLW� $Q ��IRRW ORQJ 5)
FDEOH �5*����� LV SURYLGHG IRU WKH DQWHQQD ZLWK WKH
SURSHU FRQQHFWRU DOUHDG\ WHUPLQDWHG� 7KH QRPLQDO
PHDVXUHG DWWHQXDWLRQ RI WKH FDEOH ZLWK FRQQHFWRU LV
DSSUR[LPDWHO\ � G%� 7KH VXSSOLHG DFWLYH DQWHQQD
VKRXOG EH ELDVHG DW �� 9'&� EXW D GLIIHUHQW DFWLYH
DQWHQQD ZLWK D ELDV RI HLWKHU �� RU ��� 9'& PD\ EH
XVHG� 6ZLWFKHV ORFDWHG RQ WKH EDFN SDQHO RI WKH
'HYHORSPHQW .LW DUH XVHG WR VHOHFW WKH SURSHU ELDV�

%#76+10� /CMG EGTVCKP VJG CPVGPPC RQYGT

UYKVEJGU CTG RTQRGTN[ UGV DGHQTG EQPPGEVKPI VJG

CPVGPPC� #P CPVGPPC FGUKIPGF HQT 
� 8&%

QRGTCVKQP YKNN DG FCOCIGF KH EQPPGEVGF VQ C 
��

8&% UQWTEG�

����� 2Q�2II $QG 5HVHW 6ZLWFKHV� $ SXVKEXWWRQ

21�2)) SRZHU VZLWFK LV SURYLGHG WR FRQWURO SULPDU\

SRZHU WR WKH -XSLWHU ERDUG� $ SXVKEXWWRQ UHVHW VZLWFK

LV DOVR SURYLGHG RQ WKH 'HYHORSPHQW .LW FLUFXLW ERDUG

WR JHQHUDWH D UHFHLYHU V\VWHP KDUGZDUH UHVHW� 7KLV UHVHW

VZLWFK LV QRW DFFHVVLEOH XQOHVV WKH FRYHU LV UHPRYHG

IURP WKH 'HYHORSPHQW .LW�

7KHUH LV DOVR D SURYLVLRQ WR VXSSO\ H[WHUQDO EDFNXS

SRZHU WR WKH 65$0 DQG 57& GHYLFHV DIWHU SULPDU\

SRZHU KDV EHHQ UHPRYHG IURP WKH ERDUG� 7KLV IHDWXUH

SURYLGHV WKH UHFHLYHU ZLWK D ´KRW VWDUWµ FDSDELOLW\ E\

PDLQWDLQLQJ ODVW SRVLWLRQ� FXUUHQW WLPH� DQG VDWHOOLWH

HSKHPHULV GDWD LQ 65$0�

7KH VXSSO\ RI DQ H[WHUQDO EDFNXS YROWDJH WR WKH 65$0

DQG 57& LV DFFRPSOLVKHG E\ SURSHUO\ FRQILJXULQJ D

MXPSHU EORFN DQG D FRQILJXUDWLRQ ',3 VZLWFK� 7KLV

H[WHUQDO EDFNXS SRZHU LV PDLQWDLQHG WR WKH 65$0 DQG

57& XQOHVV LW LV GLVDEOHG XVLQJ WKH ',3 VZLWFKHV� E\

UHPRYLQJ WKH DSSURSULDWH MXPSHU RQ WKH NLW� RU E\

UHPRYLQJ ��� 9'& SRZHU WR WKH NLW�

2.4 Configuring The Development Kit________________________________________

%#76+10� +H VJG &GXGNQROGPV -KV EQXGT KU

TGOQXGF FWTKPI EQPHKIWTCVKQP� RTQRGT 'NGEVTQ�

5VCVKE &KUEJCTIG 
'5&� RTGECWVKQPU UJQWNF DG

QDUGTXGF YJGP JCPFNKPI VJG WPKV VQ RTGXGPV

RQUUKDNG FCOCIG VQ EKTEWKVU� (CKNWTG VQ QDUGTXG VJGUG

RTGECWVKQPU OC[ TGUWNV KP RGTOCPGPV FCOCIG VQ VJG

WPKV�

7KH 'HYHORSPHQW .LW VKRXOG EH FRUUHFWO\ FRQILJXUHG

EHIRUH LW LV FRQQHFWHG WR WKH 3& DQG SRZHUHG XS�

����� &RQILJXUDWLRQ 'HYLFHV� 7KH -XSLWHU ERDUG LV

FRQILJXUHG XVLQJ D EDQN RI HLJKW GLS VZLWFKHV� WKUHH

MXPSHU EORFNV� DQG D VLQJOH� WZR�SRVLWLRQ MXPSHU VZLWFK

EORFN� 7KH UHODWLYH SRVLWLRQ RI HDFK FRQILJXUDWLRQ

GHYLFH RQ WKH -XSLWHU ERDUG� DV ZHOO DV WKH DX[LOLDU\ ,�2

FRQQHFWRU� LV VKRZQ LQ )LJXUH ����



� 'HYHORSPHQW .LW 6HWXS DQG 2SHUDWLRQ =RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH

3DJH ��� &RQH[DQW 6\VWHPV� ,QF ����

7KH SULPDU\ FRQILJXUDWLRQ VZLWFKHV� ORFDWHG RQ WKH UHDU

RI WKH 'HYHORSPHQW .LW� DUH LOOXVWUDWHG LQ )LJXUH ����

7KH\ DUH VKRZQ LQ WKHLU QRUPDO GHIDXOW SRVLWLRQV�

%#76+10� 6JG CPVGPPC DKCU OC[ DG UGV VQ GKVJGT

�� 
�� QT 
�� 8&% HQT CP CEVKXG CPVGPPC� 6JG

UYKVEJGU OWUV DG UGV EQTTGEVN[ VQ CXQKF RQUUKDNG

FCOCIG VQ VJG WPKV� 6JG CEVKXG CPVGPPC UWRRNKGF

YKVJ VJG &GXGNQROGPV -KV OWUV DG UGV VQ 
� 8&%

QPN[� +H C RCUUKXG CPVGPPC KU WUGF� DG UWTG VQ UGV VJG

CPVGPPC DKCU VQ � XQNVU 8&%� 4GOGODGT VQ UGV VJG

&GXGNQROGPV -KVIU RQYGT UYKVEJ VQ 1(( QT TGOQXG

RQYGT HTQO VJG WPKV DGHQTG EJCPIKPI VJGUG UYKVEJGU�

6ZLWFK � LV UHVHUYHG DQG VKRXOG EH VHW WR WKH 2))

SRVLWLRQ�

6ZLWFK � LV XVHG WR VHOHFW WKH UHFHLYHU·V RXWSXW PHVVDJH

SURWRFRO� ,I VZLWFK � LV VHW WR WKH 21 SRVLWLRQ� WKH

UHFHLYHU·V RXWSXW PHVVDJH IRUPDW ZLOO EH VHW WR 10($�

���� ZLWK +RVW SRUW VHWWLQJV RI ���� ESV� QR SDULW\� �

GDWD ELWV� DQG � VWRS ELW� ,I VZLWFK � LV VHW WR WKH 2))

SRVLWLRQ� WKH UHFHLYHU·V RXWSXW PHVVDJH IRUPDW DQG

FRPPXQLFDWLRQ SDUDPHWHUV DUH GHWHUPLQHG E\ WKH

FRQILJXUDWLRQ RI VZLWFK � DV IROORZV�

• ,I VZLWFK � LV 21 ZKHQ VZLWFK � LV 2))� 520

GHIDXOWV DUH XVHG DQG WKH UHFHLYHU ZLOO RXWSXW

&RQH[DQW ELQDU\ IRUPDW PHVVDJHV ZLWK +RVW SRUW

VHWWLQJV RI ���� ESV� QR SDULW\� � GDWD ELWV� DQG �

VWRS ELW�

• ,I VZLWFK � LV 2)) ZKHQ VZLWFK � LV RII� WKH

UHFHLYHU·V RXWSXW SURWRFRO�FRPPXQLFDWLRQ

SDUDPHWHUV� DQG LQLWLDOL]DWLRQ SDUDPHWHUV ZLOO EH

GHWHUPLQHG IURP GDWD VWRUHG LQ 65$0 RU

((3520 �ZKLFKHYHU LV YDOLG�� 7KDW LV� WKH

UHFHLYHU UHFDOOV WKH VHWWLQJV IURP LWV ODVW RSHUDWLQJ

VHVVLRQ�

6ZLWFK � LV XVHG WR HQDEOH RU GLVDEOH WKH (OHFWULFDOO\

(UDVHDEOH 3URJUDPPDEOH 5HDG�2QO\ 0HPRU\

�((3520�� :KHQ VZLWFK � LV 21� ((3520 LV

GLVDEOHG DQG 520 GHIDXOWV VXFK DV PHVVDJH IRUPDW�

KRVW SRUW FRPPXQLFDWLRQ VHWWLQJV� DQG UHFHLYHU GHIDXOW

PHVVDJH VHW DUH XVHG� :KHQ VZLWFK � LV RII� XVHU�

FRQILJXUDEOH VHWWLQJV VWRUHG LQ ((3520 DUH XVHG� 7KLV

VZLWFK VKRXOG QRUPDOO\ EH 2)) WR XVH GDWD VXFK DV

FORFN SDUDPHWHUV� ODVW SRVLWLRQ� DQG UHFHLYHU

FRQILJXUDWLRQ IURP ((3520�

JB
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JB6

JB1

JB2

JB3

JB4JB5
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J3
1
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3
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Auxiliary I/O Connector

Configuration Switches

Master Reset Switch

RTC Backup Voltage
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Figure 2-3. Jupiter Board With Location Of Configuration Devices



=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH � 'HYHORSPHQW .LW 6HWXS DQG 2SHUDWLRQ

���� &RQH[DQW 6\VWHPV� ,QF 3DJH ���

127(� %H DGYLVHG WKDW LI WKH 'HYHORSPHQW .LW LV RSHUDWHG ZLWK

VZLWFK � LQ WKH 21 SRVLWLRQ �((3520 GLVDEOHG�� WKHQ HDFK

SRZHU F\FOH RU UHVHW RI WKH UHFHLYHU PD\ UHVXOW LQ D ORQJHU 7LPH�7R�

)LUVW�)L[ �77))�� 7KLV LV EHFDXVH WKH UHFHLYHU ZLOO XVH WKH

GHIDXOW LQLWLDOL]DWLRQ SDUDPHWHUV VWRUHG LQ 520 UDWKHU WKDQ

PRUH FXUUHQW LQLWLDOL]DWLRQ SDUDPHWHUV WKDW PD\ EH DYDLODEOH LQ

65$0 RU ((3520�

6ZLWFK � PXVW EH LQ WKH 2II SRVLWLRQ IRU WKH UHFHLYHU WR

RXWSXW WKH UHVXOWV RI D FRPPDQGHG %XLOW�,Q 7HVW �%,7��

6ZLWFK � LV UHVHUYHG DQG VKRXOG EH VHW WR WKH 2))

SRVLWLRQ�

6ZLWFK � LV XVHG WR FRQWURO WKH ,�2 VLJQDOV WR WKH

UHFHLYHU� 6HW VZLWFK � 21 WR HQDEOH DQG 2)) WR

FRPSOHWHO\ GLVDEOH WKH UHFHLYHU·V ,�2 VLJQDOV�

6ZLWFK � LV XVHG WR FRQWURO ZKHWKHU WKH 'HYHORSPHQW

.LW ZLOO VXSSO\ 65$0 DQG 57& EDFNXS SRZHU ZKHQ

WKH UHFHLYHU KDV EHHQ VZLWFKHG RII� 6HW VZLWFK � 21 WR

VXSSO\ EDFNXS SRZHU DQG 2)) WR UHPRYH EDFNXS

SRZHU� :KHQ VZLWFK � LV 21� 65$0 DQG 57& EDFN�XS

SRZHU LV VXSSOLHG WR WKH UHFHLYHU DV ORQJ DV WKH

'HYHORSPHQW .LW LV UHFHLYLQJ ��� 9'& SRZHU IURP

WKH VXSSOLHG $&�'& DGDSWHU RU FDU DGDSWHU�

6ZLWFK � LV XVHG WR VHOHFW WKH YROWDJH DSSOLHG WR DQ

DFWLYH DQWHQQD ZKHQ VZLWFK � LV LQ WKH 21 SRVLWLRQ� 6HW

VZLWFK � WR 21 WR DSSO\ �� 9'& DQG WR 2)) WR DSSO\

��� 9'& �RQO\ �� 9'& VKRXOG EH DSSOLHG ZKHQ WKH

DFWLYH DQWHQQD VXSSOLHG ZLWK WKH 'HYHORSPHQW .LW LV

XVHG��

6ZLWFK � LV XVHG WR VHOHFW EHWZHHQ DQ DFWLYH DQG D

SDVVLYH DQWHQQD� 6HW VZLWFK � WR 2)) IRU D SDVVLYH

DQWHQQD DQG WR 21 IRU DQ DFWLYH DQWHQQD� 7KH 21

VHWWLQJ DOORZV '& YROWDJH �VHOHFWHG E\ VZLWFK �� WR EH

DSSOLHG WR WKH FHQWHU FRQGXFWRU RI WKH 5) FDEOH�

����� 57& %DFNXS 9ROWDJH -XPSHU� $ MXPSHU EORFN

RQ WKH 'HYHORSPHQW .LW� ZLWK SLQV ODEHOHG -%� DQG

-%�� PD\ EH XVHG WR GLVDEOH WKH EDFNXS SRZHU WR WKH

UHFHLYHU·V 65$0 DQG 57& IURP WKH NLW� 5HPRYH WKH

MXPSHU WR GLVDEOH WKH EDFNXS SRZHU� OHDYH WKH MXPSHU

LQ SODFH WR VXSSO\ YROWDJH WR WKH 65$0 DQG 57& HYHQ

ZKHQ SULPDU\ SRZHU KDV EHHQ UHPRYHG IURP WKH

UHFHLYHU�

7R VXSSO\ D EDFNXS YROWDJH IURP DQ H[WHUQDO VRXUFH�

UHPRYH WKH MXPSHU DQG FRQQHFW WKH YROWDJH VRXUFH WR

SLQ -%�� $GGLWLRQDO LQIRUPDWLRQ RQ EDFNXS SRZHU

UHTXLUHPHQWV FDQ EH IRXQG HOVHZKHUH LQ WKLV 'HVLJQHUV·

*XLGH�

����� ��9 DQG ��9 -XPSHUV� 7ZR DGGLWLRQDO MXPSHU

EORFNV DUH SURYLGHG WR HQDEOH ���� 9'& RU �� 9'&

SULPDU\ SRZHU� 7R HQDEOH WKH �� 9'& SULPDU\ SRZHU

WR WKH UHFHLYHU LQWHUIDFH FRQQHFWRU� WKH MXPSHU VKRXOG

EH LQ SODFH RYHU WKH SLQV ODEHOHG -%� DQG -%� RQ WKH

FLUFXLW ERDUG�

7R VXSSO\ WKH SULPDU\ YROWDJH IURP DQ H[WHUQDO VRXUFH�

UHPRYH WKH MXPSHU IURP SLQV -%� DQG -%� DQG FRQQHFW

WKH YROWDJH VRXUFH WR SLQ -%�� $GGLWLRQDO LQIRUPDWLRQ

RQ SRZHU UHTXLUHPHQWV FDQ EH IRXQG HOVHZKHUH LQ WKLV

'HVLJQHUV· *XLGH�

����� ,QWHUIDFH 6LJQDO 9ROWDJH -XPSHU� $ VZLWFK

MXPSHU EORFN LV SURYLGHG WR VHOHFW HLWKHU ���� 9'& RU

Figure 2-4. Development Kit Configuration Switches

Switch/Function:

1 2 3 4 5 6 7 8
ON

OFF

C037

On: Off:

1  Reserved

2  Host Port Protocol

3  EEPROM Enable/Disable

4  Reserved

5  I/O Control

6  RTC Control

7  Preamp Voltage Select

8  Preamp Power Enable

N/A

NMEA Assured

EEPROM Disable

N/A

Enable I/O signals

RTC Backup
Power Enabled

Apply +5 VDC
to Active Antenna

Preamp Power On
for Active Antenna

N/A

Conexant Binary
or NMEA depending
on Switch 3

EEPROM Enabled

N/A

Disable I/O signals

RTC Backup
Power Removed

Apply +12 VDC
to Active Antenna

Preamp Power
Off For Passive
Antenna



� 'HYHORSPHQW .LW 6HWXS DQG 2SHUDWLRQ =RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH

3DJH ��� &RQH[DQW 6\VWHPV� ,QF ����

�� 9'& IRU WKH UHFHLYHU·V ,�2 LQWHUIDFH� 7KH WKUHH�SLQ

MXPSHU EORFN LV ODEHOHG -%�� -%�� DQG -%� RQ WKH

FLUFXLW ERDUG� :KHQ WKH �� 9'& -XSLWHU ERDUG LV

RSHUDWHG ZLWK WKH 'HYHORSPHQW .LW� WKH MXPSHU VKRXOG

EH RYHU SLQV ODEHOHG -%� DQG -%��

����� $X[LOLDU\ ,�2 &RQQHFWRU� 7KHUH LV D ��SLQ $8;

,�2 FRQQHFWRU RQ WKH 'HYHORSPHQW .LW DV VKRZQ LQ

)LJXUH ���� 7KLV FRQQHFWRU LV D 0ROH[ ����� VHULHV

ULJKW�DQJOH SLQ KHDGHU� 7KH FRQQHFWRU SURYLGHV DFFHVV

WR WKH EXIIHUHG �� N+] 87& VLJQDO DQG WKH RQH SXOVH�

SHU�VHFRQG WLPLQJ VLJQDO� 7KHVH PD\ EH XVHG E\ WKH

2(0·V SURFHVVRU IRU V\QFKURQL]DWLRQ�

7KH SLQ DVVLJQPHQWV DUH DV IROORZV�

�� .��� %XIIHUHG �� N+] 87& RXWSXW IUHTXHQF\

UHIHUHQFH VLJQDO� 7KLV LV D V\QFKURQRXV �� N+]

RXWSXW FORFN ZLWK D �� �� SHUFHQW GXW\ F\FOH�

�� 70 �LQYHUWHG YHUVLRQ RI WKH 7LPH 0DUN SXOVH��

7KLV LV D � SXOVH�SHU�VHFRQG �� 336� &026

RXWSXW VLJQDO EXIIHUHG WKURXJK D ��/6�� GHYLFH�

�� 1R FRQQHFW�

�� *5281'�

)RU IXUWKHU LQIRUPDWLRQ RQ WKH FKDUDFWHULVWLFV RI WKHVH

VLJQDOV� FRQVXOW WKH -XSLWHU UHFHLYHU 'DWD 6KHHW LQFOXGHG

ZLWK WKLV 'HYHORSPHQW .LW�

%#76+10� &Q PQV EQPPGEV CP CPVGPPC CPF CRRN[

RQYGT VQ VJG &GXGNQROGPV -KV DGHQTG TGXKGYKPI

VJKU GPVKTG UGEVKQP CPF EJGEMKPI VJG CPVGPPC DKCU

UYKVEJ UGVVKPIU� 6JG UGVVKPIU OWUV DG EQTTGEV DGHQTG

RQYGT KU CRRNKGF VQ VJG TGEGKXGT�

9JGP EQPPGEVGF� C RCUUKXG CPVGPPC RTQXKFGU C NQY

TGUKUVCPEG RCVJ� 6JGTGHQTG� CP CDPQTOCNN[ JKIJ

EWTTGPV YKNN QEEWT KP VJG UWRRN[ EKTEWKVU QH VJG

,WRKVGT DQCTF KH VJG UYKVEJGU CTG UGV HQT CP CEVKXG

V[RG� #NVJQWIJ VJG RTGCOR RQYGT UWRRN[ KPVGTPCN

VQ VJG &GXGNQROGPV -KV KU EWTTGPV�NKOKVGF VQ ��

OKNNKCORU� VJKU HGCVWTG YKNN QPN[ RTGXGPV FCOCIG VQ

VJG TGEGKXGT� KVUGNH� DWV PQV PGEGUUCTKN[ VQ VJG

&GXGNQROGPV -KV QT CPVGPPC�

)DLOXUH WR REVHUYH WKHVH SUHFDXWLRQV PD\ UHVXOW LQ

SHUPDQHQW GDPDJH WR WKH XQLW DQG�RU WKH DQWHQQD�

����� 3RVLWLRQLQJ 7KH 5) $QWHQQD� 6LQFH *36 LV D
OLQH RI VLJKW V\VWHP� WKH DQWHQQD FDQ RQO\ UHFHLYH
VLJQDOV IURP YLVLEOH VDWHOOLWHV� 7KHUHIRUH� D ORFDWLRQ IRU
WKH WHVW HTXLSPHQW VKRXOG EH VHOHFWHG VR WKDW WKH *36
DQWHQQD LV SODFHG ZKHUH WKH YLHZ RI WKH VN\ LV OHDVW
REVWUXFWHG IRU RSWLPDO UHFHSWLRQ RI WKH VDWHOOLWH VLJQDOV�

127(� *36 VLJQDOV DUH VHYHUHO\ DWWHQXDWHG RU WRWDOO\ REVFXUHG

E\ WKH URRIV RU ZDOOV RI ZRRG� PHWDO� EULFN� RU VWXFFR EXLOGLQJV�

7KH VLJQDOV DUH DOVR DWWHQXDWHG E\ FRDWHG JODVV IRXQG LQ PDQ\

RIILFH VWUXFWXUHV� 7KH 'HYHORSPHQW .LW VKRXOG EH WDNHQ RXWVLGH RU

WR WKH URRI RI D EXLOGLQJ WR HIIHFWLYHO\ HYDOXDWH UHFHLYHU SHUIRUPDQFH�

:LWK VWDWLRQDU\ HYDOXDWLRQV� FDUH VKRXOG DOVR EH WDNHQ WR NHHS

WKH DQWHQQD DZD\ IURP WKH VLGH RI D EXLOGLQJ VLQFH *36 VLJQDOV

FDQ UHIOHFW RII RI PHWDO RU FRDWHG JODVV� 7KHVH UHIOHFWLRQV KDYH D

ORQJHU SDWK WKDQ GLUHFW VLJQDOV DQG FDQ FDXVH PXOWL�SDWK HUURUV�

����� &RQQHFWLQJ DQ 57&0 'LIIHUHQWLDO 6RXUFH�

7KH 'HYHORSPHQW .LW� 3&� DQG WKH 57&0 6&����

GLIIHUHQWLDO FRUUHFWLRQ VRXUFH DUH FRQQHFWHG DV VKRZQ

LQ )LJXUH ���� ,I 57&0 6&���� GDWD QHHGV WR EH ORJJHG

DW WKH VDPH WLPH LW LV VHQW WR WKH UHFHLYHU� WKH 2(0

PXVW VXSSO\ D FDEOH ZLWK WKUHH FRQQHFWRUV WR FRQQHFW

WKH 57&0 FRUUHFWLRQ VRXUFH WR WKH 'HYHORSPHQW .LW·V

$X[LOLDU\ SRUW DQG WR DQ XQXVHG VHULDO SRUW RQ WKH 3&�

,Q WKLV FDVH� GDWD LV RQO\ ORJJHG ZKHQ /$%021 LV

LQYRNHG ZLWK ILOHQDPHV DV FRPPDQG OLQH DUJXPHQWV DV

GHVFULEHG LQ 6HFWLRQ � RI WKLV 'HVLJQHUV· *XLGH�

/RJJLQJ DQG VXEVHTXHQW UHYLHZ RI 57&0 FRUUHFWLRQ

GDWD RIWHQ SURYHV XVHIXO WR UHVROYH SHUIRUPDQFH RU

FRPSDWLELOLW\ LVVXHV� $ XWLOLW\ SURJUDP� 57&0&+.� LV

FRQWDLQHG RQ WKH /$%021 GLVN LQFOXGHG ZLWK WKH

'HYHORSPHQW .LW� 7KLV VRIWZDUH WRRO FKHFNV WKH

LQWHJULW\ RI 57&0 6&���� GDWD VRXUFHV�

Figure 2-5. Auxiliary I/O Connector
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=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH � 'HYHORSPHQW .LW 6HWXS DQG 2SHUDWLRQ

���� &RQH[DQW 6\VWHPV� ,QF 3DJH ���

1RUPDOO\� WKH 'HYHORSPHQW .LW VKRXOG EH VHW XS DV

VKRZQ LQ )LJXUH ��� ZLWK RQO\ WKH 57&0 FRUUHFWLRQ

VRXUFH FRQQHFWHG WR WKH UHFHLYHU� ,I WKH 57&0 FDEOH LV

QRW FRQQHFWHG WR WKH UHFHLYHU·V $X[LOLDU\ SRUW� '*36

RSHUDWLRQ ZLOO QRW EH SRVVLEOH�

1RWH WKDW WKH 'HYHORSPHQW .LW PD\ EH FRQQHFWHG WR

HLWKHU WKH &20�� &20�� &20�� RU &20� VHULDO

SRUWV DQG WKH 57&0 GLIIHUHQWLDO FRUUHFWLRQ GDWD VRXUFH

FRQQHFWHG HLWKHU GLUHFWO\ WR WKH UHFHLYHU·V $X[LOLDU\ ,�2

SRUW� WR RQH RI WKH UHPDLQLQJ VHULDO SRUWV RI WKH 3&� RU

WR ERWK XVLQJ DQ 2(0�VXSSOLHG WKUHH�FRQQHFWRU VHULDO

FDEOH�

����� 2SHUDWLQJ 7KH 'HYHORSPHQW .LW·V *36

5HFHLYHU� 7R RSHUDWH WKH -XSLWHU UHFHLYHU� SUHVV WKH

SXVKEXWWRQ RQ�RII VZLWFK RQ WKH IURQW SDQHO RI WKH

'HYHORSPHQW .LW RQFH� :KHQ SRZHU LV DSSOLHG WR WKH

UHFHLYHU� WKH 32:(5 /(' LOOXPLQDWHV DQG WKH 7,0(

0$5. /(' IODVKHV DW D � +] UDWH WR LQGLFDWH WKH

UHFHLYHU LV RSHUDWLQJ�

:KHQ WKH 10($ SURWRFRO IRU WKH +RVW SRUW LV

VHOHFWHG� WKH 10($ $6685(' /(' LOOXPLQDWHV�

:KHQ GDWD LV UHFHLYHG E\ WKH $X[LOLDU\ SRUW� WKH '*36

$&7,9( /(' LOOXPLQDWHV� 7KH '*36 $&7,9( /('

GRHV QRW LQGLFDWH WKH LQWHJULW\ RI WKH 57&0 6&����

GDWD RU WKH UHFHLYHU PRGH�

3UHVV WKH SXVKEXWWRQ VZLWFK DJDLQ WR UHPRYH SULPDU\

'& SRZHU IURP WKH UHFHLYHU�

7KH 32:(5 /(' RQ WKH 'HYHORSPHQW .LW VKRXOG

LQGLFDWH RII EHIRUH FKDQJLQJ WKH FRQILJXUDWLRQ VZLWFK

VHWWLQJV� 7KH UHFHLYHU RSHUDWLQJ VHWWLQJV ZLOO QRW FKDQJH

DIWHU UH�FRQILJXUDWLRQ XQWLO WKH UHFHLYHU LV UHVWDUWHG E\

SUHVVLQJ WKH IURQW SDQHO SXVKEXWWRQ RQ�RII VZLWFK�

Development Unit

Or

Or

Optional Antenna
and / or Preamplifier

Optional
RTCM SC-104

Correction Source

Optional Connection for Logging RTCM Data

Antenna Power

COM2

COM1

PCMonitor

ANTENNA

SERIAL PORT 1 SERIAL PORT 2
1                         8

DC POWER
9-16 VOLTS

+-
CLOCK

OUT
1 2 3 4 5 6 7 8

C039

Figure 2-6. Development Kit Test Equipment Setup



� 'HYHORSPHQW .LW 6HWXS DQG 2SHUDWLRQ =RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH
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=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH � 8VLQJ /$%021

���� &RQH[DQW 6\VWHPV� ,QF� 3DJH ���

3 USING LABMON

KH &RQH[DQW =RGLDF70 'HYHORSPHQW .LW LV GHVLJQHG WR IDFLOLWDWH HYDOXDWLRQ RI &RQH[DQW·V -XSLWHU *OREDO

3RVLWLRQLQJ 6\VWHP �*36� UHFHLYHU HQJLQH EDVHG RQ WKH =RGLDF FKLS VHW� 7KH UHFHLYHU FDQ EH XVHG LQ ERWK VWDWLF DQG

PRELOH RSHUDWLRQV IRU HYDOXDWLRQ SXUSRVHV�

7KLV 6HFWLRQ H[SODLQV WKH XVH RI WKH *36 PRQLWRU DQG FRQWUROOHU VRIWZDUH� UHIHUUHG WR DV /$%021� SURYLGHG ZLWK WKH

'HYHORSPHQW .LW �5HIHU WR 6HFWLRQ � RI WKLV 'HVLJQHU·V *XLGH IRU GHWDLOV RQ KRZ WR VHW XS DQG FRQILJXUH WKH

'HYHORSPHQW .LW�� /$%021 UXQV RQ D 3& DQG DOORZV WKH XVHU WR FRQWURO WKH UHFHLYHU DQG WR GLVSOD\ WKH UHFHLYHU

RXWSXWV� ([WHUQDOO\ VXSSOLHG 5DGLR 7HFKQLFDO &RPPLVVLRQ IRU 0DULWLPH 6HUYLFHV �57&0 6&����� GDWD FDQ DOVR EH ORJJHG

XVLQJ D VHFRQG 3& VHULDO SRUW� $6&,, ILOHV FRQWDLQLQJ WKH /$%021 VRXUFH FRGH� LQFOXGHG RQ WKH VDPH GLVNHWWH DV WKH

H[HFXWDEOH� SURYLGH D UHIHUHQFH IRU VLPLODU 2ULJLQDO (TXLSPHQW 0DQXIDFWXUHU �2(0� FRGH LPSOHPHQWDWLRQV�

3.1 Introduction __________________________________________________________

7KH 'HYHORSPHQW .LW LPSOHPHQWV WKH UHFHLYHU FRQWURO

RSHUDWLRQ DQG LQSXW�RXWSXW �,�2� IXQFWLRQV RI WKH

*36 UHFHLYHU XVLQJ DQ ,%0�$7 FRPSDWLEOH 3&� D VHULDO

SRUW� H[WHUQDO DQWHQQD� DQG SRZHU VXSSO\� 7KH *36

UHFHLYHU LV FRQWDLQHG LQ D KRXVLQJ ZLWK ,�2 FRQQHFWRUV�

VWDWXV /('V� DQG FRQILJXUDWLRQ ',3 VZLWFKHV�

����� /$%021 &RPSDWLELOLW\ :LWK &RQH[DQW

5HFHLYHUV� 7KHUH DUH WZR VHULHV RI &RQH[DQW

FRPPHUFLDO *36 UHFHLYHUV WR GDWH� 7KH ILUVW ZDV WKH

1DY&RUH VHULHV DQG WKH ODWHVW LV WKH =RGLDF IDPLO\� 7KH

1DY&RUH VHULHV FRQVLVWV RI WKH 1DY&RUH 9�

0LFUR7UDFNHU� 0LFUR7UDFNHU /3� 1DY&DUG� DQG

1DY&DUG /3 UHFHLYHUV� 7KH =RGLDF IDPLO\ FXUUHQWO\

FRQVLVWV RI WKH -XSLWHU ERDUG OHYHO SURGXFW DQG WKH

=RGLDF FKLS VHW SURGXFW�

/$%021 Y��� LV GHVLJQHG SULPDULO\ WR VXSSRUW WKH

=RGLDF IDPLO\ RI UHFHLYHUV� 6LQFH LW LV DOVR EDFNZDUGO\

FRPSDWLEOH ZLWK WKH 1DY&RUH VHULHV RI UHFHLYHUV� WKLV

YHUVLRQ RI /$%021 PD\ EH XVHG WR PRQLWRU DQG

FRQWURO WKHP DV ZHOO�

������� 6HULDO &RPPXQLFDWLRQ 3URWRFROV� 7KH

UHFHLYHUV PD\ XVH HLWKHU D ELQDU\ RU 10($����� W\SH

RI VHULDO LQWHUIDFH SURWRFRO IRU FRPPXQLFDWLRQ� 7KH

=RGLDF DQG 1DY&RUH UHFHLYHUV VKDUH D VLPLODU &RQH[DQW

ELQDU\ PHVVDJH IRUPDW� EXW WKH PHVVDJHV WKHPVHOYHV

KDYH GLIIHUHQW ,'V DQG FRQWHQW� 7R GLIIHUHQWLDWH

EHWZHHQ WKHVH ELQDU\ W\SHV LQ WKLV GRFXPHQW� WKH\ DUH

UHIHUUHG WR DV =RGLDF ELQDU\ DQG 1DY&RUH ELQDU\�

7KH 10($����� SURWRFRO FRQVLVWV RI D QXPEHU RI

VWDQGDUG PHVVDJHV� DQG DOVR DOORZV PDQXIDFWXUHU

VSHFLILF RU SURSULHWDU\ PHVVDJHV IRU PRUH FRPSOHWH

FRQWURO RU PRQLWRULQJ RI UHFHLYHUV�

:KLOH WKH =RGLDF DQG 1DY&RUH UHFHLYHU 10($�����

SURWRFROV VKDUH D QXPEHU RI VWDQGDUG PHVVDJHV� WKH

QXPEHU DQG W\SH RI &RQH[DQW SURSULHWDU\ PHVVDJHV

GLIIHU� 7R GLIIHUHQWLDWH EHWZHHQ WKHVH 10($ W\SHV LQ

WKLV GRFXPHQW� WKH\ DUH UHIHUUHG WR DV =RGLDF 10($

DQG 1DY&RUH 10($�

7KH =RGLDF UHFHLYHU VHULHV FRPHV VWDQGDUG ZLWK ERWK

=RGLDF ELQDU\ DQG =RGLDF 10($� 7KH W\SH XVHG LV

VHOHFWHG HLWKHU E\ VRIWZDUH FRPPDQG RU E\ FRQWUROOLQJ

WKH YROWDJH DSSOLHG WR DQ H[WHUQDO SLQ RQ WKH UHFHLYHU�

7KH 1DY&RUH VHULHV LV DYDLODEOH ZLWK &RQH[DQW

1DY&RUH ELQDU\ DQG 1DY&RUH 10($ SURWRFROV

GHSHQGLQJ RQ WKH PRGHO DQG VRIWZDUH RSWLRQV� 7KH

W\SH XVHG LV VHOHFWHG E\ FRQWUROOLQJ WKH YROWDJH DSSOLHG

WR DQ H[WHUQDO SLQ RQ WKH UHFHLYHU�

7KH 1DY&DUG VXSSRUWV RQO\ 1DY&RUH ELQDU\� 7KH

1DY&DUG /3 LV DYDLODEOH ZLWK HLWKHU &RQH[DQW 1DY&RUH

ELQDU\ RU 1DY&RUH 10($����� SURWRFROV�

7R FRPPXQLFDWH ZLWK D UHFHLYHU� WKH PHVVDJH SURWRFRO

XVHG E\ /$%021 LV FKDQJHG WR PDWFK WKH FXUUHQW

PHVVDJH W\SH LQ XVH E\ WKDW UHFHLYHU�

,W LV LPSRUWDQW WR VHOHFW WKH FRUUHFW SURWRFRO IRU

/$%021 WR RSHUDWH SURSHUO\� 7KH WZR ELQDU\

SURWRFROV DUH QRW FRPSDWLEOH� 7KH 10($�����

SURWRFROV DUH VLPLODU HQRXJK WKDW VWDQGDUG PHVVDJHV

FDQ EH GLVSOD\HG RU UHFHLYHG SURSHUO\� EXW QRW DOO

&RQH[DQW SURSULHWDU\ 10($ PHVVDJHV ZLOO EH RXWSXW

RU DFFHSWHG�

7
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3DJH ��� &RQH[DQW 6\VWHPV� ,QF� ����

3.2 Installing LABMON____________________________________________________

����� 2SHUDWLQJ (QYLURQPHQW� /$%021 ZDV

GHVLJQHG WR UXQ XVLQJ DQ 06�'26�3&�'26 RU

FRPSDWLEOH '26 RSHUDWLQJ V\VWHP� ,W LV DOVR SRVVLEOH WR

UXQ /$%021 IURP WKH '26 SURPSW XQGHU :LQGRZV

��[�

127(� 6RPHWLPHV� ERWK :LQGRZV DQG '26 ZLOO DWWHPSW WR

XVH WKH VDPH LQWHUUXSW IRU WKH VHULDO SRUWV DQG D FRQIOLFW PD\

RFFXU� ,I SUREOHPV DUH HQFRXQWHUHG UXQQLQJ /$%021 XQGHU

:LQGRZV� H[LW WR '26 WR UXQ /$%021�

,I D PRXVH GULYHU LV LQVWDOOHG RQ D VHULDO SRUW XVHG E\

/$%021� VHULDO GDWD PD\ EH SUHYHQWHG IURP UHDFKLQJ

/$%021� 7KH PRXVH GULYHU VKRXOG EH UHPRYHG LI

/$%021 GRHV QRW IXQFWLRQ SURSHUO\�

:KLOH /$%021 FDQ EH UXQ IURP WKH ����LQFK GLVNHWWH�

FRS\LQJ WKH SURJUDP DQG DVVRFLDWHG ILOHV WR D KDUG GLVN

DQG UHWDLQLQJ WKH GLVNHWWH DV D EDFNXS LV UHFRPPHQGHG�

7KH FXUUHQW YHUVLRQ RI /$%021 FDQ EH XVHG WR

RSHUDWH WKH =RGLDF IDPLO\ RI UHFHLYHUV DQG LV DOVR

FRPSDWLEOH ZLWK WKH 0LFUR7UDFNHU�0LFUR7UDFNHU /3�

1DY&RUH 9� DQG 3&0&,$ 1DY&DUG�1DY&DUG /3

UHFHLYHUV� +RZHYHU� VRPH RI WKH NH\V DQG FRPPDQGV

XVHG WR HQDEOH FHUWDLQ IHDWXUHV RI WKH FXUUHQW KDUGZDUH

FRQILJXUDWLRQ PD\ QRW EH VXSSRUWHG E\ WKHVH UHFHLYHUV�

����� '26 ,QVWDOODWLRQ� 7R LQVWDOO /$%021 IRU XVH

ZLWK '26� GR WKH IROORZLQJ�

�� &UHDWH D GLUHFWRU\ RQ WKH 3&·V KDUG GULYH DQG

FRS\ DOO WKH /$%021 GLVN ILOHV WR LW�

�� (GLW \RXU $872(;(&�%$7 ILOH WR LQFOXGH WKLV

GLUHFWRU\ DV SDUW RI WKH SDWK�

�� 5HPRYH WKH /$%021 GLVN DQG VDYH LW DV D

EDFNXS�

�� 5HERRW WKH 3& WR XSGDWH WKH SDWK�

����� :LQGRZV ��[ ,QVWDOODWLRQ� 7R LQVWDOO /$%021

IRU XVH ZLWK :LQGRZV ��[� GR WKH IROORZLQJ�

�� 3HUIRUP VWHSV � WKURXJK � DV IRU '26

LQVWDOODWLRQ DERYH�

�� 6WDUW :LQGRZV� VHOHFW WKH 3URJUDP 0DQDJHU� DQG

VHOHFW 1HZ XQGHU WKH )LOH PHQX�

�� &OLFN RQ WKH 3URJUDP ,WHP ZLWKLQ WKH GLDORJ ER[

ZKLFK DSSHDUV DQG FOLFN RQ 2. WR H[LW WKH

GLDORJ ER[�

�� (QWHU ´/$%021µ IRU WKH 'HVFULSWLRQ�

�� (QWHU ´/$%021µ IRU WKH &RPPDQG /LQH�

�� (QWHU WKH IXOO SDWK WR WKH /$%021 GLUHFWRU\

RU XVH %URZVH WR VHW WKH :RUNLQJ 'LUHFWRU\ �L�H��

&�?/$%021��

�� 7R VHOHFW WKH SURJUDP LFRQ� FOLFN RQ &KDQJH

,FRQ� 7KHQ� HQWHU WKH IXOO SDWK RU XVH %URZVH WR

VHOHFW WKH /$%021�,&2 ILOH ORFDWHG LQ WKH

/$%021 LQVWDOODWLRQ GLUHFWRU\ DQG FOLFN RQ

2. WZLFH WR H[LW WKH GLDORJ ER[HV�

����� :LQGRZV �� ,QVWDOODWLRQ� 7R LQVWDOO /$%021

IRU XVH ZLWK :LQGRZV ��� GR WKH IROORZLQJ�

�� &UHDWH D GLUHFWRU\ RQ WKH 3&·V KDUG GULYH DQG

FRS\ DOO WKH /$%021 GLVN ILOHV WR LW�

�� 5HPRYH WKH /$%021 GLVN DQG VDYH LW DV D

EDFNXS�

�� &UHDWH D ´VKRUWFXWµ WR WKH /$%021 H[HFXWDEOH

�VHH WKH :LQ�� PDQXDO RU XVH WKH :LQ�� RQ�OLQH

+HOS IHDWXUH��

3.3 Configuring LABMON _________________________________________________

����� 7KH /$%021�&)* )LOH� 8VLQJ IXQFWLRQ NH\V

RU FHUWDLQ �$OW!�IXQFWLRQ NH\ FRPELQDWLRQV�

/$%021 FDQ EH FRQILJXUHG IRU WKH PHVVDJH SURWRFRO

PRGH �ELQDU\ RU 10($�� GLVSOD\ GDWXP� WKH 87& WLPH

RIIVHW� VSHHG XQLWV� GLVSOD\ FRORUV� UHIHUHQFH SRVLWLRQ�

DQG ILOWHULQJ SDUDPHWHUV� 7KLV LV WKH HDVLHVW ZD\ WR

FKDQJH WKH FRQILJXUDWLRQ VHWWLQJV�

7KHVH SDUDPHWHUV FDQ DOVR EH FKDQJHG E\ HGLWLQJ WKH

/$%021�&)* ILOH� ,I GLIILFXOWLHV DUH HQFRXQWHUHG

SURFHVVLQJ WKH VHWWLQJV� WKH /$%021�&)* ILOH VKRXOG

EH H[DPLQHG WR VHH LI H[WUDQHRXV RU LQFRUUHFW

LQIRUPDWLRQ KDV FRUUXSWHG LW� 7KLV ILOH PD\ EH GHOHWHG

VLQFH WKH SURJUDP ZLOO DXWRPDWLFDOO\ UHFRQVWUXFW LW ZLWK

GHIDXOWV ZKLFK FDQ WKHQ EH PRGLILHG�



=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH � 8VLQJ /$%021

���� &RQH[DQW 6\VWHPV� ,QF� 3DJH ���

/$%021 FKHFNV IRU WKH SUHVHQFH RI WKH

/$%021�&)* ILOH ZKHQ WKH SURJUDP LV LQYRNHG DQG

UHDGV SDUDPHWHUV IURP WKH ILOH LI LW LV SUHVHQW� ,I WKH

/$%021�&)* ILOH LV QRW SUHVHQW� GHIDXOW

FRQILJXUDWLRQ SDUDPHWHUV DUH XVHG� DQG D

/$%021�&)* ILOH FRQWDLQLQJ WKH IROORZLQJ OLQHV LV

FUHDWHG LQ WKH ORFDO GLUHFWRU\�

DATA TYPE  4

DATUM NUMBER  0

UTC OFFSET  7

SPD UNITS  0

COLORS  10  15  0  14  15  10

LAT  33.661446  LON  - 117.861252
ALT - 8.716304

FILTERS  STATMASK  FFFF  FOM  5
QUALITY  1  SATS  3  PDOP  6.000000
HDOP  6.000000  VDOP  6.000000

127(� $OWKRXJK WKH ODWLWXGH� ORQJLWXGH� DOWLWXGH� DQG ILOWHU

SDUDPHWHUV DUH VKRZQ RQ PRUH WKDQ RQH OLQH DERYH� WKH\ PXVW DOO

DSSHDU RQ WKH VDPH OLQH LQ WKH FRQILJXUDWLRQ ILOH�

������� '$7$ 7<3( 3DUDPHWHU� 7KLV SDUDPHWHU

GHWHUPLQHV WKH GHVLUHG PHVVDJH SURWRFRO PRGH� ELQDU\

RU 10($� 8VH � IRU &RQH[DQW 1DY&RUH ELQDU\� � IRU

1DY&RUH 10($������ � IRU &RQH[DQW =RGLDF ELQDU\�

DQG � IRU =RGLDF 10($������ 7KLV LV GRQH XVLQJ WKH

�$OW!)� NH\V�

������� '$780 180%(5 3DUDPHWHU� 7KH GDWXP

QXPEHU IRU GLVSOD\ RI SRVLWLRQ RXWSXW LV QR ORQJHU VHW

IURP ZLWKLQ WKH FRQILJXUDWLRQ ILOH ZKHQ XVLQJ WKH

=RGLDF IDPLO\ RI *36 UHFHLYHUV� ,QVWHDG� XVH WKH &WUO�

�)�! NH\V WR HQWHU DQ\ RI WKH GDWXP QXPEHUV VKRZQ

LQ $SSHQGL[ ( RI WKLV 'HVLJQHU·V *XLGH�

7KH =RGLDF IDPLO\ VXSSRUWV PDQ\ GDWXPV LQWHUQDOO\

ZKLOH WKH 1DY&RUH VHULHV RI UHFHLYHUV VXSSRUWHG RQO\

:*6��� ZLWK WKH GHVLUHG WUDQVIRUPDWLRQ EHLQJ

SHUIRUPHG E\ /$%021� /$%021 Y��� LJQRUHV WKH

GDWXP QXPEHU FRQWDLQHG LQ WKH /$%021�&)* ILOH

ZKHQ SURFHVVLQJ =RGLDF GDWD� 7KH LQFOXVLRQ RI WKH

GDWXP QXPEHU LQ WKH FRQILJXUDWLRQ ILOH LV IRU EDFNZDUG

FRPSDWLELOLW\ RI /$%021 ZLWK &RQH[DQW 1DY&RUH

*36 UHFHLYHUV�

:KHQ XVLQJ /$%021 Y��� ZLWK RQH RI WKHVH HDUOLHU

UHFHLYHUV� WKH GDWXP QXPEHU PD\ HLWKHU EH FKDQJHG LQ

WKH FRQILJXUDWLRQ ILOH �XVLQJ DQ DSSURSULDWH WH[W HGLWRU�

RU E\ XVLQJ WKH &WUO�)�! NH\V WR HQWHU DQ\ RI WKH

GDWXPV VKRZQ LQ $SSHQGL[ (�

������� 87& 2))6(7 3DUDPHWHU� 7KH 87& WLPH

RIIVHW EHWZHHQ ORFDO WLPH DQG 87& VKRXOG EH VHW WR

87& PLQXV ORFDO WLPH� 7KH WLPH ]RQHV LQ WKH 8QLWHG

6WDWHV� IRU H[DPSOH� KDYH SRVLWLYH WLPH RIIVHWV� 7KLV

WLPH LV DGGHG WR WKH 3& WLPH DQG XVHG DV WKH GHIDXOW IRU

UHFHLYHU LQLWLDOL]DWLRQ� ,W LV LPSRUWDQW WR YHULI\ DQG

FRUUHFW� LI QHFHVVDU\� WKH 3& WLPH IRU FRUUHFW

LQLWLDOL]DWLRQ ZKHQ XVLQJ WKH GHIDXOWV SURYLGHG E\

/$%021� 7KLV LV GRQH XVLQJ WKH )� NH\�

������� 63' 81,76 3DUDPHWHU� 7KLV SDUDPHWHU

FRQILJXUHV WKH VSHHG XQLWV GLVSOD\HG LQ WKH 63' ILHOG

RQ WKH /$%021 GLVSOD\� 8QOHVV PRGLILHG LQ WKH

/$%021�&)* ILOH �VLQFH WKHUH DUH QR NH\V RU NH\

FRPELQDWLRQV WKDW ZLOO GR WKLV�� WKH VSHHG XQLWV ZLOO

GHIDXOW WR PHWHUV SHU VHFRQG �P�V�� 7KH VHWWLQJ IRU

VSHHG XQLWV LQ WKH /$%021�&)* ILOH VKRXOG EH VHW WR

� IRU P�V� � IRU PLOHV SHU KRXU �PSK�� RU � IRU

NLORPHWHUV SHU KRXU �NSK��

������� &2/256 3DUDPHWHUV� 6FUHHQ FRORUV DUH

FKDQJHG XVLQJ WKH �$OW!�)XQFWLRQ NH\ FRPELQDWLRQV

VKRZQ RQ WKH VFUHHQ PHQX�

������� /$7� /21� $/7 3DUDPHWHUV� 7KH UHFHLYHU·V

UHIHUHQFH SRVLWLRQ FDQ EH FKDQJHG XVLQJ WKH �$OW!)�

NH\V� :KHQ WKLV SRVLWLRQ LV FKDQJHG� WKH /$7� /21�

DQG $/7 SDUDPHWHUV LQ WKH /$%021�&)* ILOH DUH

FKDQJHG� 7KH QHZ ORFDWLRQ EHFRPHV WKH GHIDXOW

UHIHUHQFH SRVLWLRQ �WKH VWDUW�XS ORFDWLRQ��

������� ),/7(56 3DUDPHWHUV� 7KH GDWD ILOWHULQJ

SDUDPHWHUV 67$70$6.� )20� 48$/,7<� 6$76�

3'23� +'23� DQG 9'23 VKRXOG EH VHW WR WKH

GHVLUHG FULWHULD IRU VROXWLRQ HYDOXDWLRQ XVLQJ WKH �)!

NH\� 7KH SDUDPHWHUV XVHG GHSHQG RQ WKH PHVVDJH

SURWRFRO LQ XVH�

:KHQ WKH FULWHULD DUH QRW DOO PHW� WKH ),/7(5 21

LQGLFDWRU LV VKRZQ RQ WKH GLVSOD\ VFUHHQ DQG LI GDWD LV

EHLQJ H[WUDFWHG LQWR D WH[W ILOH IRU SRVW SURFHVVLQJ� WKH

GDWD LV QRW ZULWWHQ WR WKH ILOH� :KHQ WKH FULWHULD DUH DOO

PHW� WKH LQGLFDWRU LV QRW GLVSOD\HG DQG WKH GDWD LV

H[WUDFWHG DQG ZULWWHQ WR WKH ILOH� 7KLV DOORZV ILOWHULQJ RU

VFUHHQLQJ RI RXWSXWV WKDW DUH FRPSXWHG XQGHU

FRQGLWLRQV ZKLFK GR QRW PHHW WKH XVHU·V FULWHULD IRU

VROXWLRQ TXDOLW\�

127(� 7KH ILOWHU GRHV QRW SUHYHQW DQ\ GDWD IURP EHLQJ ZULWWHQ

WR WKH ORJ ILOH ZKHQ UHFRUGLQJ GDWD�

7KH 67$70$6. SDUDPHWHU LV D ���ELW ELWPDVN WKDW LV XVHG

WR PDVN RXW DQ\ GHVLUHG LQYDOLG ELWV UHWXUQHG LQ 0HVVDJH �����

7KHVH LQYDOLG ELWV UHSRUW WKH UHDVRQV IRU QRW EHLQJ LQ QDYLJDWLRQ�

DQG WKH 67$70$6. SDUDPHWHU PDVNV RXW DQ\ RI WKHVH

UHDVRQV� 7KH IRUPDW RI WKLV ELWPDVN LV VKRZQ LQ )LJXUH ����



� 8VLQJ /$%021 =RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH

3DJH ��� &RQH[DQW 6\VWHPV� ,QF� ����

����� 7KH /$%021�,1, )LOH� /$%021 FDQ DOVR

EH FRQILJXUHG WR VHOHFW WKH &20 SRUWV LW XVHV IRU VHULDO

,�2 HLWKHU E\ FKRRVLQJ VHWWLQJV IURP ZLWKLQ WKH

SURJUDP RU E\ HGLWLQJ WKH LQLWLDOL]DWLRQ ILOH�

/$%021�,1,� EHIRUH VWDUWLQJ WKH SURJUDP�

/$%021 FKHFNV IRU WKH SUHVHQFH RI WKH

/$%021�,1, ILOH ZKHQ LW LV LQYRNHG DQG UHDGV

SDUDPHWHUV IURP WKH ILOH LI LW LV SUHVHQW� ,I WKLV ILOH LV QRW

SUHVHQW� GHIDXOW SDUDPHWHUV DUH XVHG IRU WKH *36 DQG

57&0 SRUWV� DQG D /$%021�,1, ILOH LV FUHDWHG LQ WKH

ORFDO GLUHFWRU\� 7KH ,�2 DGGUHVVHV DQG LQWHUUXSWV XVHG

DUH VKRZQ DW WKH ERWWRP RI WKH VFUHHQ ZKHQ /$%021

LV ILUVW VWDUWHG�

7KH /$%021�,1, ILOH FRQWDLQV RQH OLQH RI SDUDPHWHUV

HDFK IRU WKH *36 DQG IRU WKH 57&0 SRUWV� 7KHVH DUH

XVHG WR GHILQH WKH SRUW QXPEHU� LQWHUUXSW OHYHO� EDXG

UDWH� SDULW\ VFKHPH� QXPEHU RI GDWD ELWV� DQG VWRS ELWV

IRU HDFK� 7KH ,�2 DGGUHVV XVHG LV WKH GHIDXOW IRU WKH

SRUW QXPEHU VHOHFWHG�

������� 'HIDXOW 6HWWLQJV� 7KH GHIDXOW VHWWLQJV IRU WKH

=RGLDF UHFHLYHU DUH &20�� ,54�� ���� EDXG� QR

SDULW\� � GDWD ELWV� DQG � VWRS ELW �LI WKLV YHUVLRQ RI

/$%021 LV XVHG ZLWK HDUOLHU &RQH[DQW *36 UHFHLYHUV�

WKHVH VDPH VHWWLQJV VKRXOG EH XVHG H[FHSW WKDW SDULW\

VKRXOG EH VHW WR ´RGGµ��

7KH GHIDXOW SDUDPHWHUV SURYLGHG IRU WKH 57&0 SRUW

DUH &20� �ZKLFK GLVDEOHV WKH SRUW�� ,54�� ���� EDXG�

QR SDULW\� � GDWD ELWV� DQG � VWRS ELW� +RZHYHU� WKH XVHU

VKRXOG FRQVXOW WKH 57&0 UHFHLYHU KDUGZDUH

GRFXPHQWDWLRQ RU FRQWDFW WKH SURYLGHU RI WKH 57&0

GDWD WR GHWHUPLQH WKH SURSHU VHWWLQJV IRU WKH 57&0

SRUW�

7KH HDVLHVW ZD\ WR FKDQJH WKH *36 DQG 57&0 SRUW

GHIDXOW VHWWLQJV LV WR VWDUW WKH SURJUDP DQG XVH WKH

�$OW!)� NH\V WR FKHFN RU PRGLI\ WKH SRUW VHWWLQJV�

$OWHUQDWHO\� WKH XVHU PD\ HGLW WKH /$%021�,1, ILOH� ,I

GLIILFXOWLHV DUH HQFRXQWHUHG VHWWLQJ WKH SRUWV� WKH XVHU

VKRXOG H[DPLQH WKH /$%021�,1, ILOH WR VHH LI

H[WUDQHRXV RU LQFRUUHFW LQIRUPDWLRQ KDV FRUUXSWHG LW

�WKLV ILOH PD\ EH GHOHWHG VLQFH WKH SURJUDP ZLOO

DXWRPDWLFDOO\ UHFRQVWUXFW LW��

7KH /$%021�,1, ILOH LQLWLDOO\ FRQWDLQV WKH IROORZLQJ

OLQHV ZKLFK SURYLGH GHIDXOW YDOXHV IRU WKH *36 SRUW DQG

WKH 57&0 SRUW�

GPS COM1 IRQ4 9600 n 8 1
RTCM COM0 IRQ3 9600 n 8 1

7KH SRUW SDUDPHWHUV PD\ EH FKDQJHG XVLQJ HLWKHU ORZHU

RU XSSHUFDVH OHWWHUV� VHSDUDWHG E\ VSDFHV� 7KH V\QWD[

IRU WKH FRQILJXUDWLRQ FRPPDQGV LV DV IROORZV�

[Port][COMn][IRQm][Baud][Parity]
[DataBits][StopBits]

127(� $OWKRXJK WKHVH FRQILJXUDWLRQ FRPPDQGV DUH VKRZQ RQ

WZR OLQHV DERYH� WKH\ PXVW DOO DSSHDU RQ WKH VDPH OLQH LQ WKH

LQLWLDOL]DWLRQ ILOH�

2QO\ WKH IROORZLQJ FRQILJXUDWLRQ YDOXHV DUH FXUUHQWO\

DOORZHG�

3RUW *36 IRU WKH *36 SRUW

57&0 IRU WKH 57&0 SRUW

&20Q Q  �� �� �� RU � �WR RSHQ WKH SRUW�

Q  � �WR LJQRUH WKH SRUW�

,54P P  � WR �� �QRWH WKDW WKH XVH RI ,54

YDOXHV PXVW EH YHULILHG E\ WKH XVHU ZKHQ

ZULWLQJ WKLV ILOH� 7KH �$/7!�)�! NH\V

ZLOO FRQILJXUH GHIDXOW YDOXHV IRU HDFK

SRUW� 7KH �$/7!�,! NH\V DUH XVHG WR

FRQILJXUH DQ\ DOORZDEOH ,54 DYDLODEOH�

%DXG ���� ���� ����� ����� ����� ����� ������

������ ������ ������ RU ������

3DULW\ Q� R� H �1RQH� 2GG� RU (YHQ�

'DWD%LWV �� �� RU �

6WRS%LWV � RU �

7KH PRGLILHG VHWWLQJV DUH VDYHG LQ WKH /$%021�,1,

ILOH�

Figure 3-1. STATMASK Filter Parameter Format (0xFFFF Mask)

XXXX XXXX XXX1 1111

Don't Care

Exceeded MEVPE
(if bit set)

Exceeded MEHPE
(if bit set)

Minimum Satellites Used
(if bit set)

No DGPS, But
Required
(if bit set)

Altitude Used In Solution
But Not Wanted

(if bit set)

C462



=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH � 8VLQJ /$%021

���� &RQH[DQW 6\VWHPV� ,QF� 3DJH ���

3.4 Using Differential RTCM Data ________________________________________

����� 'LIIHUHQWLDO 57&0 'DWD DQG =RGLDF *36

5HFHLYHUV� :KHQ XVLQJ GLIIHUHQWLDO FRUUHFWLRQV ZLWK D

=RGLDF UHFHLYHU� WKH GDWD LV GLUHFWO\ LQSXW XVLQJ WKH

=RGLDF·V $X[LOLDU\ SRUW� 7KH EDXG UDWH� SDULW\� DQG

QXPEHU RI GDWD DQG VWRS ELWV UHTXLUHG E\ WKH VRXUFH

QHHGV WR EH GHWHUPLQHG DQG WKH VRXUFH SURWRFRO

HVWDEOLVKHG XVLQJ 0HVVDJH ���� �6HULDO 3RUW

&RPPXQLFDWLRQ 3DUDPHWHUV��

7KH VRXUFH LV WKHQ FRQQHFWHG XVLQJ HLWKHU D VWUDLJKW�

WKURXJK FDEOH RU D QXOO�PRGHP FDEOH� 7KH UHTXLUHG

FDEOH W\SH PD\ EH GLIIHUHQW WKDQ WKDW UHFRPPHQGHG E\

WKH SURYLGHU RI WKH VSHFLILF FRUUHFWLRQ VRXUFH�

7R FKDQJH WKH $X[LOLDU\ SRUW SDUDPHWHUV� WKH UHFHLYHU

PXVW EH XVLQJ =RGLDF ELQDU\ SURWRFRO� 7KH SURWRFRO

PD\ EH FKDQJHG WR =RGLDF 10($ DIWHU VHWWLQJ SRUW

SDUDPHWHUV�

1RUPDOO\� 57&0 GDWD LV VHQW GLUHFWO\ WR WKH $X[LOLDU\

SRUW RI WKH UHFHLYHU� ,Q WKH HYHQW WKDW 57&0 GDWD

QHHGV WR EH UHFRUGHG IRU DQDO\VLV� D FDEOH ZLWK WKUHH

FRQQHFWRUV PD\ EH XVHG WR VHQG GDWD WR ERWK WKH

UHFHLYHU·V $X[LOLDU\ SRUW DQG D VHFRQG 3& VHULDO SRUW�

7KH XVHU PXVW WKHQ VHW WKH SDUDPHWHUV IRU WKH VHFRQG

SRUW WR PDWFK WKH 57&0 6&���� VRXUFH SURWRFRO DV

GHVFULEHG LQ 6HFWLRQ ���� 5HIHU WR 6HFWLRQ � RI WKLV

'HVLJQHU·V *XLGH IRU DGGLWLRQDO GHWDLOV�

127(� $Q LQGLUHFW '*36 GDWD LQSXW FDSDELOLW\ LV DYDLODEOH

ZLWK =RGLDF *36 UHFHLYHUV IRU WKRVH DSSOLFDWLRQV WKDW DUH OLPLWHG

WR RQH VHULDO SRUW� 0HVVDJH ���� LV WKH =RGLDF HTXLYDOHQW RI WKH

1DY&RUH 0HVVDJH ���� 6HWXS DQG RSHUDWLRQ RI /$%021

XVLQJ WKLV IHDWXUH DUH LGHQWLFDO WR WKH 1DY&RUH LQGLUHFW 57&0

LQSXW PHWKRG GHVFULEHG LQ WKH QH[W SDUDJUDSK�

����� 'LIIHUHQWLDO 57&0 'DWD DQG 1DY&RUH *36

5HFHLYHUV� :KHQ XVLQJ GLIIHUHQWLDO FRUUHFWLRQV ZLWK

1DY&RUH VHULHV UHFHLYHUV� WKH GDWD PD\ EH GLUHFWO\ LQSXW

XVLQJ WKH UHFHLYHU·V $X[LOLDU\ SRUW RU LQGLUHFWO\ LQSXW

ZLWK D 0HVVDJH ��� �'LIIHUHQWLDO *36 57&0 6&����

'DWD 0HVVDJH� XVLQJ WKH +RVW SRUW� 7KH PHWKRG XVHG

GHSHQGV RQ WKH UHFHLYHU W\SH DQG WKH V\VWHP

FRQILJXUDWLRQ� 7KH GLUHFW LQSXW PHWKRG LV

UHFRPPHQGHG VLQFH LW LV WKH VLPSOHVW�

:KHQ XVLQJ GLUHFW LQSXW� WKH EDXG UDWH� SDULW\� DQG

QXPEHU RI GDWD DQG VWRS ELWV UHTXLUHG E\ WKH VRXUFH

PXVW EH HVWDEOLVKHG XVLQJ 0HVVDJH ��� �3RUW

&RQILJXUDWLRQ 0HVVDJH� LI LQ 1DY&RUH ELQDU\ PRGH RU

XVLQJ WKH ,&20 PHVVDJH LI LQ 1DY&RUH 10($�����

PRGH� 7KH VRXUFH LV WKHQ FRQQHFWHG XVLQJ HLWKHU D

VWUDLJKW�WKURXJK FDEOH RU D QXOO�PRGHP FDEOH� 7KH

UHTXLUHG FDEOH W\SH PD\ EH GLIIHUHQW WKDQ WKDW

UHFRPPHQGHG E\ WKH SURYLGHU RI WKH VSHFLILF

FRUUHFWLRQ VRXUFH�

:KHQ XVLQJ LQGLUHFW LQSXW RI 57&0 6&���� GDWD� WKH

XVHU FRQQHFWV WKH VRXUFH WR D VHFRQG VHULDO SRUW RQ WKH

3&� /$%021 FKHFNV IRU WKH SUHVHQFH RI 57&0 6&�

��� GDWD RQ WKH VHFRQG VHULDO SRUW DQG SURFHVVHV LW

ZKHQ DYDLODEOH�

7KH XVHU QHHGV WR VHW WKH VRXUFH SURWRFRO XVHG E\

/$%021 DV GHVFULEHG LQ 6HFWLRQ ���� /$%021

SDFNDJHV 57&0 6&���� GDWD UHFHLYHG IURP WKH VHFRQG

VHULDO SRUW LQWR D VHULHV RI ��� PHVVDJHV� :KHQ GDWD LV

LQSXW GLUHFWO\ WR WKH UHFHLYHU XVLQJ WKH $X[LOLDU\ ,�2

SRUW� WKH /$%021 SRUW VHWWLQJV DUH QRW XVHG DQG GR

QRW DIIHFW 57&0 UHFHLYHU RSHUDWLRQ�

1RWH WKDW /$%021 GRHV QRW VHQG 57&0 GDWD XVLQJ

0HVVDJH ��� XQWLO WKH UHTXLUHG QXPEHU RI 57&0

ZRUGV DUH UHFHLYHG� 7KLV QXPEHU FDQ EH VHW E\ WKH XVHU

ZLWK WKH �&WUO!)�� NH\V �VHH 6HFWLRQ ����� %\ UHGXFLQJ

WKH QXPEHU RI UHTXLUHG 57&0 ZRUGV� WKH GHOD\

EHWZHHQ UHFHSWLRQ RI 57&0 GDWD E\ /$%021 DQG

WKH XVH RI WKDW GDWD E\ WKH UHFHLYHU FDQ EH PLQLPL]HG�

3.5 Starting LABMON _____________________________________________________

����� &RPPDQG /LQH 3DUDPHWHUV� /$%021

VRIWZDUH XVHV VHYHUDO FRPPDQG OLQH RSWLRQV�

�5 5HFRUG *36 SRUW GDWD� 7KLV FRPPDQG PXVW

EH IROORZHG E\ WKH ORJ ILOH QDPH �H[� �

5/RJILOH�ORJ��

�6 6DYH '*36 SRUW GDWD� 7KLV FRPPDQG PXVW EH

IROORZHG E\ WKH ORJ ILOH QDPH �H[� �

6/RJILOH�ORJ��

�& 'HIDXOW &RQILJXUDWLRQ� 7KLV FRPPDQG PXVW

EH IROORZHG E\ D VHTXHQFH RI WZR SDUDPHWHUV�

7KH ILUVW SDUDPHWHU LV WKH GHVLUHG &20 SRUW

QXPEHU ��� �� �� RU �� DQG WKH VHFRQG

SDUDPHWHU LV WKH GHVLUHG PHVVDJH SURWRFRO

W\SH �=%� =1� 1%� RU 11�� )RU H[DPSOH� �

&�=% ZRXOG EH WKH FRPPDQG OLQH IRU VHWWLQJ

&20� ZLWK =RGLDF ELQDU\ PHVVDJHV DV WKH

GHIDXOW�

1RWH� HDFK FRPPDQG OLQH RSWLRQ PD\ EH HQWHUHG LQ XSSHU RU ORZHU

FDVH DQG HDFK PXVW EH SUHFHHGHG E\ D GDVK� 7KH PHVVDJH SURWRFRO



� 8VLQJ /$%021 =RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH

3DJH ��� &RQH[DQW 6\VWHPV� ,QF� ����

FRGHV =%� =1� 1%� DQG 11 PD\ DOVR EH HQWHUHG LQ XSSHU RU

ORZHU FDVH�

:KHQ UXQQLQJ XQGHU '26� WKH GDWD ILOHQDPHV DUH

VHOHFWHG RQ WKH FRPPDQG OLQH� :KHQ UXQQLQJ XQGHU

:LQGRZV ��[� HLWKHU VHOHFW WKH /$%021 LFRQ RU XVH

WKH 5XQ FRPPDQG IURP WKH 3URJUDP 0DQDJHU DQG

VSHFLI\ WKH ILOHV RQ WKH FRPPDQG OLQH� :KHQ UXQQLQJ

XQGHU :LQGRZV ��� WKH ¶5XQ· ZLQGRZ XQGHU WKH ¶6WDUW·

LFRQ PXVW EH XVHG VR WKDW WKH FRPPDQG OLQH SDUDPHWHUV

FDQ EH LQFOXGHG RQ WKH FRPPDQG OLQH�

����� 6WDUWLQJ /$%021 )URP '26� 7R UXQ

/$%021 IURP '26� GR WKH IROORZLQJ �WKH ILOHQDPHV

XVHG DUH H[DPSOHV RQO\� RWKHUV PD\ EH XVHG��

�� 7\SH ´/$%021µ IRU QR GDWD UHFRUGLQJ�

2U W\SH ´/$%021 �5*36�'$7µ WR UHFRUG DOO

GDWD WR DQG IURP WKH +RVW SRUW�

2U W\SH ´/$%021 �5*36�'$7

�657&0�57&µ WR UHFRUG ERWK +RVW DQG

$X[LOLDU\ SRUW GDWD�

����� 6WDUWLQJ /$%021 )URP 7KH '26 3URPSW

,Q :LQGRZV ��[ RU :LQGRZV ��� 7R UXQ /$%021

IURP :LQGRZV ��[ XVLQJ WKH '26 SURPSW� GR WKH

IROORZLQJ �WKH ILOHQDPHV XVHG DUH H[DPSOHV RQO\� RWKHUV

PD\ EH XVHG��

�� 6HOHFW WKH 06 '26 SURPSW LFRQ�

�� 7\SH ´/$%021µ IRU QR GDWD UHFRUGLQJ�

2U W\SH ´/$%021 �5*36�'$7µ WR UHFRUG DOO

GDWD WR DQG IURP WKH +RVW SRUW�

2U W\SH ´/$%021 �5*36�'$7

�657&0�57&µ WR UHFRUG ERWK +RVW DQG

$X[LOLDU\ SRUW GDWD�

�� 7\SH ´(;,7µ WR UHWXUQ WR :LQGRZV DIWHU

TXLWWLQJ /$%021�

����� 6WDUWLQJ /$%021:LWKLQ :LQGRZV ��[� 7R

UXQ /$%021 IURP ZLWKLQ :LQGRZV ��[� GR WKH

IROORZLQJ �WKH ILOHQDPHV XVHG DUH H[DPSOHV RQO\� RWKHUV

PD\ EH XVHG��

�� 'RXEOH�FOLFN WKH /$%021 LFRQ WR VWDUW

/$%021� �7R UHFRUG GDWD� WKH SURJUDP LWHP

&RPPDQG /LQH ILHOG PXVW EH FKDQJHG WR

LQFOXGH WKH *36 DQG�RU 57&0 ILOHQDPHV� 7R

GR WKLV� VHOHFW WKH /$%021 LFRQ DQG FKRRVH

3URSHUWLHV IURP WKH )LOH PHQX XQGHU WKH

:LQGRZV 3URJUDP 0DQDJHU��

127(� 7R GLVSOD\ GDWD� ERWK WKH *36 PHVVDJH W\SH DQG VHULDO

FRPPXQLFDWLRQ SURWRFRO SDUDPHWHUV XVHG IRU /$%021 PXVW EH

VHW WR PDWFK WKRVH XVHG E\ WKH UHFHLYHU� ,I GDWD LV EHLQJ UHFHLYHG

EXW QRW GLVSOD\HG E\ WKH UHFHLYHU� D EXIIHU RYHUIORZ ZLOO UHVXOW DIWHU

D VKRUW WLPH DQG D PHVVDJH ZLOO EH GLVSOD\HG WR LQGLFDWH WKLV� ,I

WKH VHWWLQJV RI WKH UHFHLYHU DUH XQNQRZQ DQG FRPPXQLFDWLRQ

FDQQRW EH HVWDEOLVKHG� WKH UHFHLYHU VKRXOG EH UHVHW DIWHU HQDEOLQJ

520 GHIDXOWV XVLQJ WKH DSSURSULDWH FRQILJXUDWLRQ VZLWFK DV

GHVFULEHG LQ 6HFWLRQ � RI WKLV 'HVLJQHU·V *XLGH�

����� 6WDUWLQJ /$%021:LWKLQ :LQGRZV ��� 7R

UXQ /$%021 IURP ZLWKLQ :LQGRZV ��� GR WKH

IROORZLQJ �WKH ILOHQDPHV XVHG DUH H[DPSOHV RQO\� RWKHUV

PD\ EH XVHG��

)RU QR GDWD UHFRUGLQJ�

�� 6WDUW :LQGRZV� VHOHFW 6WDUW� VHOHFW 3URJUDPV� DQG

ILQDOO\ VHOHFW :LQGRZV ([SORUHU�

�� 6HOHFW WKH /$%021 IROGHU�

�� 'RXEOH FOLFN RQ WKH /$%021 DSSOLFDWLRQ ILOH�

�� 7R FUHDWH D 6KRUWFXW WR /$%021� VHOHFW WKH

/$%021 DSSOLFDWLRQ ILOH DQG GUDJ WR D ORFDWLRQ

ZLWKLQ WKH PDLQ VFUHHQ�

7R UHFRUG DOO GDWD WR DQG IURP WKH +RVW SRUW�

�� 6WDUW :LQGRZV� VHOHFW 6WDUW� WKHQ VHOHFW 5XQ�

7\SH ´/$%021 �5*36�'$7µ RQ WKH

FRPPDQG OLQH�

7R UHFRUG ERWK +RVW DQG $X[LOLDU\ SRUW GDWD�

�� 6WDUW :LQGRZV� VHOHFW 6WDUW� WKHQ VHOHFW 5XQ�

7\SH ´/$%021 �5*36�'$7 �657&0�57&µ

RQ WKH FRPPDQG OLQH�



=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH � 8VLQJ /$%021

���� &RQH[DQW 6\VWHPV� ,QF� 3DJH ���

3.6 Stopping LABMON ____________________________________________________

$YRLG XVLQJ HLWKHU &WUO�%UHDN RU &WUO�& WR H[LW

/$%021� /$%021 UHSODFHV FHUWDLQ LQWHUUXSW

KDQGOHUV WKDW PD\ EH UHTXLUHG E\ RWKHU SURJUDPV

GXULQJ LWV LQLWLDOL]DWLRQ DQG UHVWRUHV WKHP XSRQ H[LWLQJ�

7KHUHIRUH� DQ\ DEQRUPDO WHUPLQDWLRQ PD\ DIIHFW WKH

H[HFXWLRQ RI DQRWKHU SURJUDP� ,I WKLV RFFXUV� WKH 3&

PD\ QHHG WR EH UHERRWHG�

7R WHUPLQDWH WKH H[HFXWLRQ RI /$%021 VRIWZDUH�

SUHVV WKH �4! NH\� 7KLV ZLOO VWRS /$%021 DQG

UHWXUQ WKH XVHU WR HLWKHU WKH '26 SURPSW RU WR

:LQGRZV�

3.7 LABMON Displays_____________________________________________________

7R VXSSRUW WKH PDQ\ QHZ IHDWXUHV DYDLODEOH LQ WKH

=RGLDF IDPLO\ RI *36 UHFHLYHUV� WKH VFUHHQ GLVSOD\ DQG

NH\ IXQFWLRQV KDYH EHHQ UHYLVHG IURP HDUOLHU YHUVLRQV

RI /$%021� 7KHUH LV VSDFH SURYLGHG IRU PDQ\ QHZ

GDWD LWHPV RQ WKH VFUHHQ� 6RPH RI WKHVH LWHPV DUH QRW

VKRZQ LI /$%021 Y��� LV XVHG ZLWK 1DY&RUH *36

UHFHLYHUV�

7KHUH DUH WZR W\SHV RI GLVSOD\V WKDW /$%021 XVHV WR

RXWSXW LQIRUPDWLRQ� WKH PDLQ GLVSOD\ DQG WKH %XLOW�,Q

7HVW �%,7� GLVSOD\�

����� 0DLQ 'LVSOD\� 'HSHQGLQJ RQ WKH PHVVDJH

SURWRFRO W\SH XVHG �ELQDU\ RU 10($�� WKH GDWD ODEHOV

VKRZQ RQ WKH PDLQ GLVSOD\ FKDQJH VOLJKWO\ WR PRUH

DFFXUDWHO\ UHIOHFW WKH GDWD DYDLODEOH IURP WKDW

FRQILJXUDWLRQ� 7KH DFWXDO ODEHO XVHG IRU WKH GDWD LV

GHVFULEHG� WRJHWKHU ZLWK WKH RXWSXW PHVVDJH

GHVFULSWLRQ� LQ 6HFWLRQ ����

7KH PDLQ GLVSOD\� VKRZQ LQ )LJXUH ���� DSSHDUV ZKHQ

/$%021 SURFHVVHV =RGLDF ELQDU\ GDWD� 7KHUH DUH WZR

SRUWLRQV WR WKLV GLVSOD\� GDWD DQG PHQX RSWLRQV�

$GGLWLRQDO GDWD LV GLVSOD\HG EHKLQG WKH PHQX WKDW PD\

EH YLHZHG E\ SUHVVLQJ �1!� WKH 1R 0HQX NH\� 7KH

GDWD SRUWLRQ LV FRPSULVHG RI VDWHOOLWH GDWD DQG VWDWXV

LQIRUPDWLRQ IURP ELQDU\ RU 10($ PHVVDJHV�

,Q DGGLWLRQ WR GDWD IURP WKH UHFHLYHU� DGGLWLRQDO XVHIXO

LQIRUPDWLRQ VXFK DV WKH QXPEHU RI GDWD E\WHV UHFRUGHG�

WKH QXPEHU RI PHVVDJHV VHQW RU UHFHLYHG� WKH QXPEHU

RI FKHFNVXP HUURUV� DQG WKH QXPEHU RI PHVVDJH ´QR

DFNQRZOHGJHPHQWVµ LV DOVR GLVSOD\HG�

Figure 3-2. LABMON Main Display For Zodiac GPS Receivers



� 8VLQJ /$%021 =RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH

3DJH ��� &RQH[DQW 6\VWHPV� ,QF� ����

����� 7KH %,7 'LVSOD\� 7KH /$%021 %,7 GLVSOD\

VFUHHQ LV GLIIHUHQW GHSHQGLQJ RQ ZKHWKHU D =RGLDF *36

UHFHLYHU RU D 1DY&RUH *36 UHFHLYHU LV XVHG�

������� %,7 'LVSOD\ )RU =RGLDF 5HFHLYHUV� )RU

=RGLDF UHFHLYHUV� D W\SLFDO /$%021 %,7 GLVSOD\ LV

VKRZQ LQ )LJXUH ���� 7KLV GLVSOD\ FRQWDLQV LQIRUPDWLRQ

IURP 0HVVDJH ���� �%XLOW�,Q 7HVW 5HVXOWV�� 5HIHU WR

6HFWLRQ � RI WKLV 'HVLJQHU·V *XLGH IRU GHWDLOHG

LQIRUPDWLRQ RQ WKH =RGLDF %,7 PHVVDJH�

������� %,7 'LVSOD\ )RU 1DY&RUH 5HFHLYHUV� 7KH

%,7 GLVSOD\ VFUHHQ IRU &RQH[DQW 1DY&RUH UHFHLYHUV LV

GLIIHUHQW IURP WKH =RGLDF UHFHLYHUV� 7KH %,7 GLVSOD\

IRU &RQH[DQW 1DY&RUH UHFHLYHUV LV VKRZQ LQ )LJXUH ��

�� 2Q WKLV GLVSOD\� LQIRUPDWLRQ IURP 0HVVDJH ����

%XLOW�,Q 7HVW 5HVXOWV� LV VKRZQ�

)RU GHWDLOHG LQIRUPDWLRQ RQ WKH 1DY&RUH VHULHV %,7

PHVVDJH� UHIHU WR WKH 'HVLJQHU·V *XLGH WKDW

FRUUHVSRQGV WR WKH VSHFLILF 1DY&RUH VHULHV *36

UHFHLYHU �1DY&RUH� 0LFUR7UDFNHU /3� 1DY&DUG /3�

HWF���

3.8 Receiver Output Messages _____________________________________________

/$%021 GHFRGHV DQG GLVSOD\V PRVW RI WKH DYDLODEOH

PHVVDJHV� (LWKHU &RQH[DQW ELQDU\ RU 10($ PHVVDJHV

FDQ EH LQ XVH DW D WLPH� 'DWD IURP WKHVH PHVVDJHV LV

VKRZQ LQ YDULRXV ILHOGV RQ WKH VFUHHQ� 6RPH RI WKH GDWD

IURP ELQDU\ PHVVDJHV LV FRQYHUWHG LQWR PRUH

FRPPRQO\ XVHG XQLWV RI PHDVXUHPHQW �VXFK DV GHJUHHV

DQG PLQXWHV LQVWHDG RI UDGLDQV��

127(� 6RPH RI WKH GDWD FRQWDLQHG LQ PHVVDJHV LV QRW VKRZQ RQ

WKH VFUHHQ GXH WR VSDFH OLPLWDWLRQV� 'DWD ZKLFK LV RPLWWHG LV QRW

QHHGHG WR HYDOXDWH UHFHLYHU SHUIRUPDQFH�

(DFK RI WKH GDWD ILHOGV RQ WKH /$%021 PDLQ GLVSOD\

VFUHHQ LV OLVWHG DOSKDEHWLFDOO\ LQ 7DEOH ��� DORQJ ZLWK D

EULHI GHVFULSWLRQ RI WKH GDWD LWHP DQG WKH VRXUFH RI WKH

GDWD �L�H�� WKH ELQDU\ RU 10($ PHVVDJHV FRQWDLQLQJ

WKDW GDWD LWHP��

5HIHU WR 6HFWLRQ � RI WKLV 'HVLJQHU·V *XLGH IRU GHWDLOHG

LQIRUPDWLRQ RQ HDFK PHVVDJH XVHG E\ WKH =RGLDF

UHFHLYHU�

)RU GHWDLOHG LQIRUPDWLRQ RQ HDFK PHVVDJH XVHG E\ WKH

1DY&RUH VHULHV RI *36 UHFHLYHUV� UHIHU WR WKH

'HVLJQHU·V *XLGH WKDW FRUUHVSRQGV WR WKH VSHFLILF

UHFHLYHU �1DY&RUH� 0LFUR7UDFNHU /3� 1DY&DUG /3�

HWF���

Figure 3-3. LABMON BIT Display For Zodiac GPS Receivers



=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH � 8VLQJ /$%021

���� &RQH[DQW 6\VWHPV� ,QF� 3DJH ���

3.9 Receiver Input Messages _______________________________________________

/$%021 PDNHV H[WHQVLYH XVH RI WKH NH\ERDUG

IXQFWLRQ NH\V WR FRQWURO SURJUDP DQG UHFHLYHU

RSHUDWLRQ� 0RVW RI WKH NH\V UHVXOW LQ D PHVVDJH EHLQJ

VHQW WR WKH UHFHLYHU� 7KH PHVVDJH VHQW GHSHQGV RQ WKH

PHVVDJH SURWRFRO LQ XVH�

:KHQ D NH\ LV SUHVVHG� WKHUH LV RIWHQ D SURPSW RU VHULHV

RI SURPSWV ZKLFK DUH XVHG WR REWDLQ WKH UHTXLUHG GDWD�

7KHVH SURPSWV PD\ GLIIHU LQ FRQWHQW RU QXPEHU EDVHG

RQ WKH PHVVDJH SURWRFRO LQ XVH� 2QO\ WKRVH WKDW DUH

DSSOLFDEOH WR WKH FXUUHQW PHVVDJH SURWRFRO DUH VKRZQ�

,Q PRVW FDVHV� GHIDXOW YDOXHV� XQLWV� RU DOORZDEOH UDQJHV

DUH VXSSOLHG�

(DFK RI WKH IXQFWLRQ NH\V� VLQJO\ RU LQ FRPELQDWLRQ

ZLWK WKH �6KLIW!� �&WUO!� RU �$OW! NH\V� WKDW DUH XVHG

WR FRQWURO SURJUDP RSHUDWLRQ DUH OLVWHG LQ 7DEOH ���

DORQJ ZLWK WKHLU UHVSHFWLYH IXQFWLRQDOLW\ DQG� ZKHUH

DSSOLFDEOH� WKH ELQDU\ DQG�RU 10($ PHVVDJH WKDW LV

VHQW�

3.10 LABMON’s Menu Keys _________________________________________________

0DQ\ RI WKH NH\ IXQFWLRQV IURP HDUOLHU YHUVLRQV RI

/$%021 KDYH EHHQ UHQDPHG RU JURXSHG WRJHWKHU

ZLWK UHODWHG IXQFWLRQV XQGHU D VLQJOH PHQX RU NH\� )RU

H[DPSOH� WKH &ROG 6WDUW (QDEOH IXQFWLRQ LV QRZ XQGHU

WKH &ROG 6WDUW NH\ RI WKH 6ROXWLRQ &RQWURO PHQX�

7KH /$%021 VRIWZDUH XVHV VHYHUDO NH\ERDUG NH\V

DQG WKH NH\ERDUG·V IXQFWLRQ NH\V� DORQH RU WRJHWKHU

ZLWK WKH �6KLIW!� �&WUO!� DQG �$OW! NH\V� 7KH

IXQFWLRQV SURYLGHG E\ WKHVH NH\V DOORZ WKH XVHU WR

FRQWURO� DQG FRPPXQLFDWH ZLWK� WKH *36 UHFHLYHU� (DFK

NH\ DQG NH\ FRPELQDWLRQ LV OLVWHG LQ 7DEOH ��� WRJHWKHU

ZLWK LWV UHVSHFWLYH IXQFWLRQ�

:KLOH DOO RI WKH NH\ IXQFWLRQV VKRZQ LQ 7DEOH ��� DUH

VXSSRUWHG LQ WKH &RQH[DQW ELQDU\ PRGH� DOO RI WKHP DUH

QRW VXSSRUWHG LQ WKH 10($ GDWD PRGH� $Q HUURU

PHVVDJH LV GLVSOD\HG LI D NH\ LV SUHVVHG WKDW LV QRW

VXSSRUWHG E\ WKH FXUUHQW GDWD PRGH�

Figure 3-4. LABMON BIT Display For NavCore GPS Receivers
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Source

Item Label Description Units Zodiac NAVCORE

Binary NMEA Binary NMEA

AGE Age of last correction sec 1005 GGA n/a GGA

ALT Height above ellipsoid (Note 1) m 1000 ALT, GGA 103 ALT, GGA

ATO Acquisition timeout sec n/a n/a 107 n/a

AZI Visible satellite azimuth deg 1003 GSV 102 GSV

CBE Clock bias error m 1000 n/a n/a n/a

CBSIG Clock bias error standard deviation m 1000 n/a n/a n/a

CDE Clock drift error m/sec 1000 n/a n/a n/a

CDSIG Clock drift error standard deviation m/sec 1000 n/a n/a n/a

CH Channel n/a 1002 ZCH 103, 106, 111 n/a

CLM Climb rate m/sec 1000 n/a n/a n/a

CN Carrier to noise ratio dBHz 1002 ZCH, GSV 103 GSV

CODE Tracking state code n/a n/a n/a 111 n/a

COG Course over ground deg 1000 RMC n/a RMC, VTG

COLDTO Cold start timeout sec 1012 n/a n/a n/a

COM Auxiliary port settings n/a n/a n/a 117 n/a

DATE Date n/a 1000 n/a 103 ZDA

DATUM Datum in use n/a 1012 n/a n/a n/a

DAY UTC day n/a 1000 n/a 103 ZDA

DGPSTO DGPS correction timeout sec 1012 n/a n/a n/a

ECULRTI DGPS status bits n/a 1005 n/a n/a n/a

ECULRTSI DGPS status bits n/a n/a n/a 106 DGP

EHPE Expected horizontal position error m 1000 n/a 106 n/a

EHVE Expected horizontal velocity error m/sec 1000 n/a n/a n/a

EL Visible satellite elevation deg 1003 GSV 102 GSV

ENAB Receiver enable option bits n/a 1012 n/a 103, 106, 107,
111

DGP

Table 3-1. Output Data Shown On The Main Display Screen (1 of 4)
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Source

Item label Description Units Zodiac NAVCORE

Binary NMEA Binary NMEA

ERPFLBC Data validity/track state bits n/a n/a n/a 111 n/a

ETE Expected time error m 1000 n/a n/a n/a

EVPE Expected vertical position error m 1000 n/a 106 n/a

FIX Fix (2-D, 3-D, or altitude fix not
available)

n/a n/a GSA n/a GSA

FOM Figure of merit n/a n/a n/a 103 n/a

GDOP Geometric Dilution of Precision n/a 1003 n/a 103 n/a

GPSSEC GPS seconds into week sec 1000 n/a 102, 103, 104 n/a

GSEP Geoidal separation m 1000 ALT, GGA n/a ALT, GGA

GPSNSEC GPS nanoseconds from epoch nsec 1000 n/a n/a n/a

HDOP Horizontal Dilution of Precision n/a 1003 GGA, GSA 103 GGA, GSA

HLTH DGPS station health n/a 1005 n/a 106 DGP

INVAL Solution invalidity bits n/a 1000 n/a n/a n/a

LAT Latitude (Note 1) deg 1000 GGA, RMC 103 GGA, GLL,
RMC

LON Longitude (Note 1) deg 1000 GGA, RMC 103 GGA, GLL,
RMC

LPTO Low power acquisition timeout sec n/a n/a 107 n/a

M Measurement sequence number n/a 1000, 1002 n/a n/a n/a

MAG Magnetic variation deg 1000 RMC n/a RMC

MASK Antenna elevation mask angle deg 1012 n/a n/a n/a

MEHPE Minimum expected horizontal position
error

m 1012 n/a n/a n/a

MESSAGE Message sent or acknowledged n/a n/a n/a n/a n/a

MEVPE Minimum expected vertical position
error

m 1012 n/a n/a n/a

NVIS Number of visible satellites n/a 1003 GSV 102 GSV

PDOP Position Dilution of Precision n/a n/a n/a n/a n/a

PLAT Platform type n/a 1012 n/a n/a n/a

PMGMT Power management status n/a n/a n/a 107 n/a

POLAR Polar navigation flag n/a 1000 n/a n/a n/a

Table 3-1. Output Data Shown On The Main Display Screen (2 of 4)
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Table 3-1. Output Data Shown On The Main Display Screen (3 of 4)

Source

Item label Description Units Zodiac NAVCORE

Binary NMEA Binary NMEA

PORT1 Host port settings n/a 1130 n/a n/a n/a

PORT2 Auxiliary port settings n/a 1130 n/a n/a n/a

POSX ECEF position X m 1009 n/a 103 n/a

POSY ECEF position Y m 1009 n/a 103 n/a

POSZ ECEF position Z m 1009 n/a 103 n/a

QUAL GPS quality indicator n/a n/a GGA n/a GGA

RAMER RAM status n/a 1050 n/a n/a n/a

RATE Solution update rate sec n/a n/a 107 n/a

SATS Satellite used in solution n/a 1000 GSV 103 GSV

SEQ Sequence number n/a all n/a n/a n/a

SETTIME Receiver set time ticks all n/a 102, 103, 104,
107, 111

n/a

SOG Speed over ground knots n/a RMC n/a RMC, VTG

SPD Speed (Note 2) m/sec 1000 n/a n/a n/a

STAT Navigation status n/a 1000 GSA, GGA,
RMC

103 GSA, GGA,
RMC

STATUS DGPS status n/a 1005 n/a 103, 106 n/a

STNID DGPS station ID n/a 1005 GGA 106 GGA, DGP

SV Satellite vehicle PRN n/a 1002, 1003,
1005

GSA, GSV,
ZCH

102, 103, 111 GSA, GSV

TDOP Time Dilution of Precision n/a 1003 n/a 103 n/a

TRK Channel tracking status n/a n/a n/a 103 n/a

TYPE Solution type bits n/a 1000 GGA, GSA n/a GGA, GSA

UTC UTC seconds (Note 3) sec 1000, 1108 GGA, RMC n/a GGA, GLL,
RMC, ZDA

UVEC Channel tracking status bits n/a 1002 ZCH n/a n/a

VALID Solution validity bits n/a 1012 n/a n/a n/a

VDOP Vertical Dilution of Precision n/a 1003 GSA 103 GSA
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Source

Item Label Description Units Zodiac NAVCORE

Binary NMEA Binary NMEA

VELE Velocity - east m/sec n/a n/a 103 n/a

VELN Velocity - north m/sec n/a n/a 103 n/a

VELU Velocity - up m/sec n/a n/a 103 n/a

VELX ECEF velocity X m/sec 1009 n/a n/a n/a

VELY ECEF velocity Y m/sec 1009 n/a n/a n/a

VELZ ECEF velocity Z m/sec 1009 n/a n/a n/a

WEEK GPS week number weeks 1000, 1002 n/a 102, 103, 104,
111

n/a

XSV Excluded candidate SV n/a 1012 n/a n/a n/a

ZCOUNT DGPS modified zcount counts n/a n/a 106 DGP

Note 1: When operating LABMON using delta positions, the LAT, LON, and ALT fields display the difference between the current and reference
positions in meters.

Note 2: Speed units depends on the configuration data contained in the LABMON.CFG file (refer to paragraph 3.3.1.4 for additional information).

Note 3: UTC seconds uses data from binary message 1108 if available. Otherwise, data from binary message 1000 is used.

Table 3-1. Output Data Shown On The Main Display Screen (4 of 4)
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Table 3-2. Input Data Provided By Keyboard Keys (1 of 2)

Source

Item Label Description Zodiac NAVCORE

Binary NMEA Binary NMEA

Menu: GPS INPUT OPTIONS

F1 Time initialization 1200 INIT 201 INIT

F2 Position and velocity initialization 1200 INIT 201 INIT

F3 Altitude input 1219 INIT 201 INIT

F4 Datum definition 1210 n/a n/a n/a

F5 Time Mark initialization (not
implemented)

n/a n/a n/a n/a

F6 Factory test (for factory use only) 1304 n/a n/a n/a

F7 DR initialization (for DR-enabled
receiver)

1270 n/a n/a n/a

F8 Built-In Test 1300 IBIT 101 n/a

F9 Gyro factory test (for factory use only) 1305 n/a n/a n/a

F10 Send ASCII text to receiver n/a n/a n/a n/a

F11 Reset receiver 1303 INIT 201 INIT

F12 Reset counters n/a n/a n/a n/a

Menu: GPS I/O OPTIONS

<Shift>F1 GPS I/O port settings 1330 n/a 217 ICOM

<Shift>F2 GPS message protocol type 1331 IPRO n/a n/a

<Shift>F3 Message log control (Note 1) log ILOG n/a LOG

<Shift>F4 Message query (Note 1) query Q n/a Q

<Shift>F5 NMEA generic message (Note 2) n/a n/a n/a n/a

<Shift>F6 NMEA typical message request
(Note 3)

n/a ILOG n/a LOG

<Shift>F7 Reserved n/a n/a n/a n/a

<Shift>F8 Store almanac UTC data 1040/1042 n/a 206 n/a

<Shift>F9 Request pseudoranges (Note 1) n/a n/a 213 n/a

<Shift>F10 Request ephemeris data 1041 n/a n/a n/a

<Shift>F11 Load ephemeris data 1241 n/a n/a n/a

<Shift>F12 Load almanac UTC data 1240/1242 n/a 205 n/a
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Table 3-2. Input Data Provided By Keyboard Keys (2 of 2)

Source

Item Label Description Zodiac NAVCORE

Binary NMEA Binary NMEA

Menu: SOLUTION CONTROL

<Ctrl>F1 Navigation validity criteria 1217 n/a 201 INIT

<Ctrl>F2 Platform type 1220 n/a n/a n/a

<Ctrl>F3 Navigation configuration 1221 n/a 201 n/a

<Ctrl>F4 Reserved n/a n/a n/a n/a

<Ctrl>F5 Cold start 1216 n/a 201 n/a

<Ctrl>F6 Datum select 1211 n/a n/a n/a

<Ctrl>F7 Antenna type 1218 n/a n/a n/a

<Ctrl>F8 Antenna elevation mask 1212 n/a 208 n/a

<Ctrl>F9 SV selection 1213 n/a 208 n/a

<Ctrl>F10 DGPS control 1214 n/a 209 IDGP

<Ctrl>F11 Power management 1317 n/a 211 n/a

Menu: LABMON CONFIGURATION OPTIONS

<Alt>F1 LABMON I/O port settings n/a n/a n/a n/a

<Alt>F2 LABMON message protocol type n/a n/a n/a n/a

<Alt>F3 Reference position n/a n/a n/a n/a

<Alt>F4 Main display background color n/a n/a n/a n/a

<Alt>F5 Main display text color n/a n/a n/a n/a

<Alt>F6 Main display data color n/a n/a n/a n/a

<Alt>F7 Menu background color n/a n/a n/a n/a

<Alt>F8 Menu key color n/a n/a n/a n/a

<Alt>F9 Menu description color n/a n/a n/a n/a

Note 1: The Zodiac binary “log” and “query” messages inherit the numeric identifier of the message being requested.

Note 2: The <Shift>F5 keys are used to transmit a NMEA message entered by the user.

Note 3: The <Shift>F6 keys are used to send a series of log messages requesting a pre-defined set of output messages that can be used
for receiver evaluation.
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Table 3-3. LABMON Keyboard Key Functions (1 of 4)

Keyboard Key Function Action

KEYBOARD KEYS

M Menu change Press the “M” key to cycle through the Function, <Shift>+Function,
<Ctrl>+Function, and <Alt>+Function key menus.

N No menu Press the “N” key to toggle the display of the menu option portion of the main
display screen on or off. This allows data to be viewed that is normally hidden
behind the menu options.

R Replay Press the “R” key to replay a log file.

P Pause Press the “P” key to pause the receiver output data displayed on the screen. Press
the “P” key again to resume data updates. The screen may also be paused by
pressing the spacebar.

F Filter Press the “F” key to set the parameters used to “filter,” or screen, data (refer to
Section 3.3).

D Delta (Note 1) Press the “D” key to toggle LABMON between the current location (in degrees)
and the delta position (in meters).

X Extract data Press the “X” key after starting to replay a log file (using the “R” key) to extract
data from the file to a selected tab delimited file for plotting purposes.

+,- Speed of replay Press the “+” or “-” keys to increase or decrease the rate at which messages are
processed during the replay of log files.

< > Single step in replay Press the “<” or “>” keys to step a single message backward or forward during
replay of log files.

Q Quit Press the Q key to exit LABMON.

C Clear screen Press the “C” key to clear the LABMON screen outputs until they are refreshed at
their normal time.

<Esc> Exit prompt without changes Press the <Esc> key to exit a prompt without sending the command.

FUNCTION KEYS

F1 Time initialization Press the F1 key to send the estimated user time and date. The time must be
entered in 24-hour format and referenced to UTC or Greenwich Mean Time (GMT)
rather than local time. The time input should be accurate to within an hour to
acquire the first satellite when Cold Start is disabled. If Cold Start is enabled, the
time and position do not need to be initialized.

F2 Position and velocity initialization Press the F2 key to send latitude, longitude, speed, heading, and height to be
used as the estimated user state. The latitude and longitude data must be
referenced to the datum selected and entered in decimal degrees rather than
degrees:minutes:seconds. South latitude and west longitude must be entered as
negative numbers. The height is the altitude in meters above the datum ellipsoid.
The WGS-84 datum is assumed if no datum is selected.

F3 Altitude input Press the F3 key to send a value to be used as the estimated user altitude. Unless
the force option is used, this value is only used while in 2-D navigation or
acquisition modes.

F4 Datum definition Press the F4 key to send datum definition parameters to be used.

F5 Time Mark initialization Not implemented.
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Table 3-3. LABMON Keyboard Key Functions (2 of 4)

Keyboard Key Function Action

FUNCTION KEYS (continued)

F6 Factory test For factory use only.

F7 DR initialization Press the F7 key to initialize DR parameters.

F8 Built-In Test Press the F8 key to send a Built-In Test (BIT) command. Navigation and tracking
of satellites is interrupted during this test. When the BIT ends, the receiver is reset.

F9 Gyro factory test Press F9 to perform a gyro test (for factory use only).

F10 Send ASCII characters to receiver Sends a string of characters to the receiver.

F11 Reset receiver Press the F11 key to send a reset command. This will reset certain receiver
parameters. The message counters are reset at this time also.

F12 Reset counters Press the F12 key to reset the message and error counters.

SHIFT + FUNCTION KEYS

Shift + F1 GPS I/O port settings Press the <Shift>F1 keys to send the receiver serial port settings for the baud rate,
parity, number of data bits, and number of stop bits to be used by the receiver.

Shift + F2 GPS message protocol type Press the <Shift>F2 keys to select the message protocol type used by the
receiver.

Shift + F3 Message log control Press the <Shift>F3 keys to send a log control message to request messages on
a periodic basis or upon update. When using Zodiac binary protocol, the message
timing may need to be modified to obtain message output.

NOTE: The special values of “???” when using NMEA protocol, or “65535” when
using Zodiac binary protocol, disables all messages. After this, no messages are
output by the receiver unless a query message is sent, the receiver is reset, or
messages are turned back on using the log control message. In binary mode,
press the <Shift>F3 keys followed by “65535.” Respond to the modify timing
prompt with a “Y” (for yes).

Shift + F4 Message query Press the <Shift>F4 keys to send a query message to request a one-time output
of a message from the Zodiac receiver.

Shift + F5 NMEA generic message Press the <Shift>F5 keys to enter the ASCII text for a non-supported generic
NMEA message to send to the receiver. The entire message should be entered
following the $ prompt; use null fields as required. The checksum will be computed
and appended by LABMON before the message is transmitted.

Shift + F6 NMEA typical message request Press the <Shift>F6 keys to send a series of NMEA log messages to enable the
receiver to output a set of messages containing the typical data needed for
performance evaluation.

Shift + F7 Reserved None

Shift + F8 Store almanac UTC data Press the <Shift>F8 keys to request raw almanac UTC data. LABMON receives
the data and stores it in the files ALMANAC.GPS and UTC.GPS.

Shift + F9 Reserved None

Shift + F10 Request ephemeris data Press the <Shift>F10 keys to request output of all available ephemeris data or
new ephemeris data when available.
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Table 3-3. LABMON Keyboard Key Functions (3 of 4)

Keyboard Key Function Action

SHIFT + FUNCTION KEYS (continued)

Shift + F11 Load ephemeris Press the <Shift>F11 keys to upload raw ephemeris data from a selected
ephemeris binary file to the receiver.

Shift + F12 Load almanac and UTC data Press the <Shift>F12 keys to upload raw almanac and UTC data to the receiver
from selected binary almanac and UTC data files.

CONTROL + FUNCTION KEYS

Ctrl + F1 Navigation validity criteria Press the <Ctrl>F1 keys to send navigation solution validity parameters (2-D
navigation allowed, DGPS required, number of satellites used, and expected
position errors).

Ctrl + F2 Platform type Press the <Ctrl>F2 keys to select the type of application platform to be used.

Ctrl + F3 Navigation confirmation Press the <Ctrl>F3 keys to send navigation configuration parameters (held
altitude, ground track smoothing, position pinning, measurement filtering)

Ctrl + F4 Reserved None

Ctrl + F5 Cold start Press the <Ctrl>F5 keys to send a Cold Start command. When Cold Start is
enabled, the receiver will only enter Cold Start after failing to acquire satellites that
should be visible based on the current receiver position and time. The receiver
automatically searches the entire sky for satellites in Cold Start.

Ctrl + F6 Datum select Press the <Ctrl>F6 keys to send a datum number to the Zodiac receiver or to set
the datum used by LABMON to transform NavCore receiver outputs. Out of range
numbers default to zero which corresponds to WGS-84. Refer to Appendix E for
datum names and numbers.

Ctrl + F7 Antenna type Press the <Ctrl>F7 keys to select between a passive and active antenna.

Ctrl + F8 Antenna elevation mask Press the <Ctrl>F8 keys to send the elevation mask angle to be used. Angles
below the horizon must be entered as negative numbers. The default value for the
Zodiac receiver is +10 degrees.

Ctrl + F9 SV selection Press the <Ctrl>F9 keys to send satellite selection commands to enable or disable
the use of selected satellites by the receiver. Enter a satellite’s SV number to
toggle between enabled and disabled. Enter zero to enable all satellites. Disabled
satellites are displayed after XSV beneath the satellite visiblity list on the main
display.

Ctrl + F10 DGPS control Press the <Ctrl>F10 keys to send a Differential GPS Control command.

Ctrl + F11 Power management Press the <Ctrl>F11 keys to send power management parameters to be used for
power conservation. Valid NavCore update rates must be from one to five
seconds
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3.11 Receiver Evaluation Using LABMON __________________________________

7KHUH DUH D QXPEHU RI SRZHUIXO IHDWXUHV LQ /$%021

WKDW DUH XVHIXO WR HYDOXDWH UHFHLYHU SHUIRUPDQFH� 7KH

IHDWXUHV DUH GHVFULEHG EHORZ DORQJ ZLWK RWKHU XVHIXO

LQIRUPDWLRQ UHODWHG WR UHFHLYHU FRQILJXUDWLRQ DQG

RSHUDWLRQ�

������ 0HVVDJH 6HW� 7KH =RGLDF )DPLO\ DQG 1DY&RUH

6HULHV UHFHLYHUV KDYH D YHU\ H[WHQVLYH PHVVDJH VHW WKDW

FDQ SURYLGH D JUHDW GHDO RI LQIRUPDWLRQ IURP WKH

UHFHLYHU� :KHQ RSHUDWLQJ WKH UHFHLYHU IRU HYDOXDWLRQ

SXUSRVHV� LW LV OLNHO\ WKDW WKH XVHU ZLOO UHTXLUH D GLIIHUHQW

PHVVDJH VHW WKDQ WKH GHIDXOW VHW� 7KH GHIDXOW VHW LV

FKRVHQ WR SURYLGH W\SLFDOO\ QHHGHG GDWD IRU XVH LQ WKH

2(0 SURGXFW� ZLWKRXW H[WUD GDWD QHHGHG IRU GHWDLOHG

HYDOXDWLRQ RU DQDO\VLV�

5HTXHVWLQJ WRR PXFK GDWD IURP WKH UHFHLYHU RQ D

SHULRGLF EDVLV PD\ UHVXOW LQ SURFHVVLQJ SUREOHPV E\ DQ

2(0 SURFHVVRU RU WKH UHFHLYHU� ,I WRR PDQ\ RXWSXW

PHVVDJHV DUH FUHDWHG� D GDWD FKHFNVXP HUURU PD\ RFFXU

RQ D UHFHLYHU RXWSXW PHVVDJH GXULQJ UHFHLSW RI D QHZ

LQSXW PHVVDJH� 7KLV LV DQ LQGLFDWLRQ WKDW D ODUJH QXPEHU

RI SHULRGLF PHVVDJHV DUH EHLQJ RXWSXW�

������ %DXG 5DWHV� 7KH XVHU PXVW HQVXUH WKDW WKH EDXG

UDWHV FKRVHQ ZLOO VXSSRUW WKH QXPEHU DQG VL]H RI WKH

PHVVDJHV UHTXHVWHG� ,W LV SRVVLEOH WR UHTXHVW HQRXJK

PHVVDJHV WR SUHYHQW WKH UHFHLYHU IURP NHHSLQJ XS DW

UDWHV ORZHU WKDQ ����� IRU H[DPSOH� ,Q WKLV FDVH� VRPH

RI WKH PHVVDJHV FDQQRW EH RXWSXW XQWLO WKH QXPEHU LV

GHFUHDVHG RU WKH EDXG UDWH LV LQFUHDVHG�

Table 3-3. LABMON Keyboard Key Functions (4 of 4)

Keyboard Key Function Action

ALT + FUNCTION KEYS

Alt + F1 LABMON I/O port settings Press the <Alt>F1 keys to change the parameters associated with the PC serial
ports. These include the PC COM port number, the PC IRQ interrupt number,
baud rate, parity, number of data bits, and number of stop bits (refer to Section 3.3
for additional information about these settings). After these values have all been
entered, LABMON displays the selected COM port, the PC interrupt number, and
the port address at the bottom of the screen.

Alt + F2 LABMON message protocol type Press the <Alt>F2 keys to set the LABMON message processing protocol to
Zodiac binary, Zodiac NMEA, NavCore binary, or NavCore NMEA.

Alt + F3 Reference position Press the <Alt>F3 keys to set the reference position as a default for the position
initialization function (using the F2 key) and as a reference for computing delta
position.

Alt + F4 Main display background color Press the <Alt>F4 keys to change the background color of the data portion of the
main display screen.

Alt + F5 Main display text color Press the <Alt>F5 keys to change the color of the field titles in the data portion of
the main display screen.

Alt + F6 Main display data color Press the <Alt>F6 keys to change the color of the data shown in the data portion
of the main display screen.

Alt + F7 Menu background color Press the <Alt>F7 keys to change the background color of the menu options
portion of the main display screen.

Alt + F8 Menu key color Press the <Alt>F8 keys to change the color of the function key designations in the
menu options portion of the main display screen.

Alt + F9 Menu description color Press the <Alt>F9 keys to change the color of the function key descriptions in the
menu options portion of the main display screen.

Note 1: LABMON’s delta position is useful to monitor changes in position relative to the reference position. The “D” key is used to toggle between the
current location, in degrees, and the distance, in meters, from the reference position (set using the <Alt>F3 keys).
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������� 0HVVDJH /RJJLQJ� 7KH XVHU VKRXOG WXUQ RII

XQQHHGHG PHVVDJHV WKDW RFFXU DW D KLJK SHULRGLF UDWH LI

RWKHUV DUH WR EH WXUQHG RQ� 7KH GHIDXOW =RGLDF PHVVDJH

RXWSXW WLPLQJ SURPSW LQ /$%021 LV 7LPH� EXW WKH

8SGDWH RSWLRQ IRU GDWD RXWSXW VKRXOG EH XVHG ZKHUH

DSSURSULDWH� 7KH 1DY&RUH 6HULHV VXSSRUWV PHVVDJH

RXWSXW EDVHG RQ WLPH RQO\�

7R REWDLQ D RQH WLPH RXWSXW RI D PHVVDJH� XVH D TXHU\

PHVVDJH� 7KLV DYRLGV ORDGLQJ GRZQ WKH UHFHLYHU ZLWK

SHULRGLF RXWSXW RI IL[HG GDWD� 7R REWDLQ PHVVDJH

RXWSXW RQO\ ZKHQ WKH GDWD KDV FKDQJHG RU QHZ GDWD LV

DYDLODEOH� XVH D ORJ PHVVDJH ZLWK WKH 8SGDWH RXWSXW

RSWLRQ� 7KLV ZLOO UHVXOW LQ D PHVVDJH RXWSXW XSRQ

FKDQJH RI WKH GDWD RQO\� 7R REWDLQ SHULRGLF RXWSXW XVH

D ORJ PHVVDJH ZLWK WKH 7LPH RXWSXW RSWLRQ� 7R WXUQ RII

DOO PHVVDJHV LQ 10($ PRGH� XVH D ORJ PHVVDJH ZLWK


"""
 DV WKH PHVVDJH LGHQWLILHU� 7R WXUQ RII DOO PHVVDJHV

LQ =RGLDF ELQDU\ PRGH� XVH D ORJ PHVVDJH ZLWK 
�����
�

ZKLFK FRUUHVSRQGV WR )))) +H[� DV WKH PHVVDJH

LGHQWLILHU� WKHQ� UHVSRQG WR WKH PRGLI\ WLPLQJ SURPSW

E\ HQWHULQJ ´<µ �IRU \HV��

)RU =RGLDF UHFHLYHU HYDOXDWLRQ� WKH IROORZLQJ FKDQJHV

WR WKH GHIDXOW PHVVDJH FRQILJXUDWLRQ DUH UHFRPPHQGHG�

• 7XUQ RQ PHVVDJH ���� IRU RXWSXW RQ XSGDWH�

• 0HVVDJH ���� VKRXOG DOVR EH WXUQHG RQ IRU RXWSXW

DW D UDWH RI RQFH SHU VHFRQG IRU '*36 HYDOXDWLRQ�

)RU 1DY&RUH UHFHLYHU HYDOXDWLRQ� WKH ��� PHVVDJH

VKRXOG EH WXUQHG RQ IRU RXWSXW DW D UDWH RI RQFH

SHU VHFRQG IRU '*36 HYDOXDWLRQ�

8VH WKH PHVVDJH FRXQWHUV WR PRQLWRU WKH QXPEHU DQG

UDWH DW ZKLFK PHVVDJHV DUH RXWSXW IURP WKH UHFHLYHU

DQG WR NHHS WUDFN RI ZKLFK LQSXW PHVVDJHV KDYH EHHQ

VHQW� ,W LV RIWHQ XVHIXO WR UHVHW WKHVH DIWHU FKDQJLQJ WKH

RXWSXW PHVVDJHV WR YHULI\ WKH GHVLUHG FRQILJXUDWLRQ KDV

EHHQ DFKLHYHG� ,I WKH OLVW RI PHVVDJHV VHQW RU UHFHLYHG

JURZV ORQJ HQRXJK WR EHJLQ EORFNLQJ RWKHU GDWD� WKH

PHVVDJH FRXQWHUV VKRXOG DOVR EH UHVHW�

������ 6FUHHQ &OHDULQJ� &OHDULQJ WKH VFUHHQ DIWHU WKH

RXWSXW PHVVDJH FRQILJXUDWLRQ KDV FKDQJHG LV

UHFRPPHQGHG WR FOHDU GDWD ZKLFK ZLOO EHFRPH VWDOH LI LW

LV QR ORQJHU EHLQJ XSGDWHG� 7KLV DOVR PDNHV LW HDV\ WR

VHH LI GDWD WKDW LV QR ORQJHU UHTXHVWHG KDV EHHQ WXUQHG

RII�

������ 'DWD /RJJLQJ� 7R UHYLHZ GDWD FDUHIXOO\� WKH

GDWD VKRXOG EH ORJJHG DQG WKHQ UHSOD\HG XVLQJ

/$%021� 'XULQJ UHSOD\� WKH XVHU FDQ VLQJOH VWHS

WKURXJK PHVVDJHV IRUZDUG DQG EDFNZDUG WR H[DPLQH

HYHQWV RU WLPH SHULRGV RI LQWHUHVW�

������ 'DWD 5HGXFWLRQ� 7KH ([WUDFW IXQFWLRQ FDQ EH

XVHG WR H[WUDFW GDWD IURP D ORJ ILOH� GHFRGH LW LI

QHFHVVDU\� DQG ZULWH LW LQWR D WDE�GHOLPLWHG ILOH IRU

SORWWLQJ RU GDWD UHGXFWLRQ XVLQJ VSUHDGVKHHW SURJUDPV�

7KH )LOWHU SDUDPHWHUV DUH XVHG WR FRQWURO ZKLFK GDWD

SRLQWV DUH ZULWWHQ WR WKH ILOH� 8VLQJ GLIIHUHQW VHWWLQJV

IRU WKHVH DQG SORWWLQJ WKH UHVXOWDQW JURXQG WUDFNV PD\

KHOS GHWHUPLQH ZKDW FULWHULD VKRXOG EH XVHG LQ WKH

2(0 DSSOLFDWLRQ WR REWDLQ WKH EHVW SHUIRUPDQFH RI WKH

RSHUDWLQJ HQYLURQPHQW� 7KH )LOWHU SDUDPHWHUV DUH DOVR

XVHG GXULQJ QRUPDO UHFHLYHU PRQLWRULQJ WR LQGLFDWH DW D

JODQFH ZKHWKHU WKH QDYLJDWLRQ VROXWLRQ LV PHHWLQJ WKH

FXUUHQW )LOWHU FULWHULD�

������� 3RVW 3URFHVVLQJ 2I /RJJHG 'DWD� /$%021

KDV WKH FDSDELOLW\ WR SRVW�SURFHVV SUHYLRXVO\ ORJJHG

GDWD DQG WR H[WUDFW FHUWDLQ LQIRUPDWLRQ WKDW KDV EHHQ

ZULWWHQ WR D WH[W ILOH�

�������� 'DWD ([WUDFWLRQ� :KHQ WKH ´;µ NH\ LV SUHVVHG

DIWHU VWDUWLQJ WR UHSOD\ D ORJ ILOH �XVLQJ WKH ´5µ NH\�� D

SURPSW LV GLVSOD\HG UHTXHVWLQJ WKH RSHUDWRU WR HQWHU DQ

H[WUDFWLRQ W\SH� //$� 2QO\ RQH H[WUDFWLRQ W\SH LV

RIIHUHG LQ WKH FXUUHQW YHUVLRQ RI /$%021� WKH //$

H[WUDFWLRQ�

7KH //$ H[WUDFWLRQ FRPPDQG H[WUDFWV WKH ORQJLWXGH�

ODWLWXGH� DQG DOWLWXGH LQWR D WDE�GHOLPLWHG WH[W ILOH� 7KLV

ILOH PD\ EH GLUHFWO\ LPSRUWHG LQWR D VSUHDGVKHHW DQG

SORWWHG� SURGXFLQJ D ´EUHDG FUXPEµ JURXQG WUDFN�

2QFH VHOHFWHG� WKH //$ H[WUDFWLRQ RIIHUV WKH RSWLRQ RI

UHPRYLQJ WKH VLJQ RI WKH H[WUDFWHG GDWD� WKHUHE\

UHFRUGLQJ RQO\ WKH DEVROXWH YDOXHV RI WKH GDWD� 7KH

GHOWD ORFDWLRQV� LQ PHWHUV� IURP WKH UHIHUHQFH SRVLWLRQ

DUH DOVR UHFRUGHG�

)RUPDW� GPSTIMESECS LON LAT ALT
∆LON ∆LAT ∆ALT

0HVVDJH ���� PXVW EH HQDEOHG ZKLOH ORJJLQJ WKLV GDWD�

�������� /RJJLQJ $ 'DWD )LOH� 7R ORJ D GDWD ILOH� W\SH

´/$%021 �ILOHQDPH�H[W!�µ ZKHUH �ILOHQDPH�H[W! LV

DQ\ OHJDO '26 ILOHQDPH DQG H[WHQVLRQ �VHH SDUDJUDSK

����� 7KLV DFWLRQ FDXVHV DOO GDWD RQ WKH +RVW SRUW WR EH

ZULWWHQ WR WKH VSHFLILHG ILOH� 7KH IXOO SDWK DQG GULYH

GHVLJQDWLRQ PXVW DOVR EH LQFOXGHG LI ORJJLQJ WR D

VSHFLILF ORFDWLRQ LV GHVLUHG�

:KHQ ORJJLQJ GDWD WR D ILOH� EH VXUH WKDW WKH PHVVDJH

WKDW FRQWDLQV WKH GDWD WR EH SRVW�SURFHVVHG KDV EHHQ

HQDEOHG DQG LV EHLQJ RXWSXW E\ WKH UHFHLYHU�



=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH � 8VLQJ /$%021

���� &RQH[DQW 6\VWHPV� ,QF� 3DJH ����

�������� ([WUDFWLQJ 'DWD )URP $ /RJ )LOH� 7R

H[WUDFW GDWD IURP D SUHYLRXVO\ UHFRUGHG ORJ ILOH� GR WKH

IROORZLQJ�

D� 6WDUW /$%021 DV GHVFULEHG LQ 6HFWLRQ ��� IRU

QR GDWD UHFRUGLQJ�

E� 3UHVV WKH ´5µ NH\ IRU UHSOD\�

F� (QWHU /RJ �ILOHQDPH�H[W!� 7KLV PXVW EH WKH

H[DFW ILOHQDPH DQG H[WHQVLRQ LQFOXGLQJ DQ\ GULYH

DQG SDWK GHVLJQDWLRQV�

G� 3UHVV WKH ´;µ NH\ IRU H[WUDFW�

H� (QWHU ´//$µ �SDUDJUDSK ����������

I� (QWHU D �ILOHQDPH�H[W! WKDW ZLOO FRQWDLQ WKH

H[WUDFWHG GDWD�

J� 3UHVV �VSDFHEDU! WR VWDUW SOD\EDFN DQG

H[WUDFWLRQ�

K� :KHQ ILQLVKHG� TXLW /$%021 DQG HGLW WKH

H[WUDFWLRQ ILOH XVLQJ DQ\ WH[W HGLWRU�

������ '*36 2SHUDWLRQ� :KHQ HYDOXDWLQJ '*36

RSHUDWLRQ� LW LV UHFRPPHQGHG WR XVH WKH /$%021

ORJJLQJ IXQFWLRQ� 57&0 6&���� GDWD VKRXOG DOVR EH

JDWKHUHG VR WKDW LWV IRUPDW DQG LQWHJULW\ PD\ EH YHULILHG

ZLWK WKH 57&0&+. XWLOLW\ SURJUDP SURYLGHG RQ WKH

/$%021 VRIWZDUH GLVNHWWH�

6RPH '*36 UHIHUHQFH VWDWLRQ HTXLSPHQW PD\ EH

FRQILJXUHG LQ VXFK D ZD\ DV WR RXWSXW GDWD ZKLFK LV

QRQ�FRPSOLDQW ZLWK WKH 57&0 VWDQGDUG� &RQH[DQW

*36 UHFHLYHUV DUH GHVLJQHG WR EH WROHUDQW RI WKHVH

IRUPDW HUURUV ZKHUH SRVVLEOH� EXW LQ VRPH

FLUFXPVWDQFHV� LQWHUPLWWHQW ORVV RI '*36 RSHUDWLRQ

PD\ UHVXOW� 7KHUH PD\ DOVR EH H[FHVVLYH ODWHQF\ RU

SUREOHPV LQ WKH GDWD OLQNV ZKLFK FDQ EH REVHUYHG DQG

FRUUHFWHG E\ H[DPLQDWLRQ RI WKLV UDZ LQSXW GDWD WR WKH

UHFHLYHU�



� 8VLQJ /$%021 =RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH

3DJH ���� &RQH[DQW 6\VWHPV� ,QF� ����

6JKU RCIG KPVGPVKQPCNN[ NGHV DNCPM



=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH � +DUGZDUH ,QWHUIDFH

���� &RQH[DQW 6\VWHPV� ,QF� 3DJH ���

4 HARDWARE INTERFACE

HWDLOV RI WKH VSHFLILF =RGLDF *36 UHFHLYHU·V HOHFWULFDO LQWHUIDFH DUH FRQWDLQHG LQ WKH DSSOLFDEOH 'DWD 6KHHW IRU WKH

UHFHLYHU� &RSLHV RI WKH DSSOLFDEOH 'DWD 6KHHWV DUH SURYLGHG ZLWK WKLV'HVLJQHU·V *XLGH� %HVLGHV WKH SLQRXW

GHVFULSWLRQV IRU WKH LQWHUIDFH� WKH 'DWD 6KHHW DOVR FRQWDLQV D SURGXFW RYHUYLHZ� D WHFKQLFDO GHVFULSWLRQ DQG VSHFLILFDWLRQ�

DQG D EULHI GHVFULSWLRQ RI WKH &RQH[DQW ELQDU\ DQG 10($ GDWD PHVVDJHV DSSOLFDEOH WR WKH VSHFLILF *36 UHFHLYHU�

,QIRUPDWLRQ DERXW WKH �[�� SLQ ILHOG FRQQHFWRU LV FRQWDLQHG LQ $SSHQGL[ )� 5) FRQQHFWRU LQIRUPDWLRQ LV SURYLGHG LQ

$SSHQGL[ *�

'



� +DUGZDUH ,QWHUIDFH =RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH

3DJH ��� &RQH[DQW 6\VWHPV� ,QF� ����

6JKU RCIG KPVGPVKQPCNN[ NGHV DNCPM



=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH � 6HULDO 'DWD ,�2 ,QWHUIDFH

���� &RQH[DQW 6\VWHPV� ,QF� 3DJH ���

5 SERIAL DATA I/O INTERFACE

KLV 6HFWLRQ GHVFULEHV WKH IRUPDWV RI WKH WZR W\SHV RI PHVVDJHV WKDW FDQ EH FRPPXQLFDWHG DFURVV WKH VHULDO GDWD

LQWHUIDFH IRU WKH =RGLDF *OREDO 3RVLWLRQLQJ 6\VWHP �*36� UHFHLYHU HQJLQH� 7KH VWUXFWXUH DQG FRQWHQWV RI HDFK

ELQDU\ PHVVDJH LV GHVFULEHG LQ 6HFWLRQ ���� 7KH VWUXFWXUH DQG FRQWHQWV RI HDFK 1DWLRQDO 0DULQH (OHFWURQLFV $VVRFLDWLRQ

�10($� PHVVDJH LV GHVFULEHG LQ 6HFWLRQ ����

5.1 Binary Message Format And Word Structure ______________________________

����� %LQDU\ 0HVVDJH )RUPDW� 7KH LQSXW�RXWSXW

ELQDU\ GDWD VWUHDP IRUPDW LV D ORZ E\WH�KLJK E\WH

SDWWHUQ� (DFK E\WH LV RXWSXW ZLWK LWV /HDVW 6LJQLILFDQW

%LW �/6%� ILUVW� IROORZHG E\ LWV KLJKHU RUGHU ELWV� HQGLQJ

ZLWK WKH 0RVW 6LJQLILFDQW %LW �06%� RI WKH GDWD E\WH�

7KH ELQDU\ PHVVDJH IRUPDW LV QHDUO\ LGHQWLFDO WR WKDW

XVHG E\ WKH SUHYLRXV 1DY&RUH�0LFUR7UDFNHU VHULHV RI

UHFHLYHUV� H[FHSW WKDW DOO IORDWLQJ SRLQW YDOXHV DUH QRZ

UHSUHVHQWHG DV IL[HG�SRLQW LQWHJHU QXPEHUV ZLWK H[SOLFLW

RU LPSOLHG VFDOH IDFWRUV�

(DFK ELQDU\ PHVVDJH FRQVLVWV RI D KHDGHU SRUWLRQ DQG D

GDWD SRUWLRQ� HDFK ZLWK LWV RZQ FKHFNVXP� (DFK

PHVVDJH ZLOO KDYH D KHDGHU� EXW VRPH PHVVDJHV PD\ QRW

KDYH GDWD� 0HVVDJH DFNQRZOHGJHPHQWV DUH LQ WKH IRUP

RI D KHDGHU� DQG PHVVDJH UHTXHVWV DUH PDGH XVLQJ

KHDGHUV DV ZHOO� 7DEOH ��� VKRZV WKH GDWD W\SHV XVHG WR

GHILQH WKH HOHPHQWV RI WKH ELQDU\ LQWHUIDFH PHVVDJHV�

����� :RUG 6WUXFWXUH� $Q LQWHJHU LV GHILQHG DV �� ELWV�

:KLOH RIIVHWV DUH LQFRUSRUDWHG LQ WKH PHVVDJH

GHVFULSWLRQ WDEOHV� WKH PRVW FRQYHQLHQW VSHFLILFDWLRQ RI

PHPRU\ OD\RXW LQ DSSOLFDWLRQ LPSOHPHQWDWLRQ LV OLNHO\

WR EH D VWUXFWXUH GHILQLWLRQ�

,I WKH LWHP LV D IL[HG SRLQW TXDQWLW\� WKH YDOXH RI WKH

/6% RI WKH LQWHJHU LV JLYHQ� 7R FRQYHUW D IL[HG SRLQW

LWHP WR D IORDWLQJ SRLQW YDULDEOH� WKH LQWHJHU

UHSUHVHQWDWLRQ LV IORDWHG DQG PXOWLSOLHG E\ WKH

UHVROXWLRQ� :KHQ FRQYHUWLQJ WR IORDW� FRQVLGHUDWLRQ

PXVW EH JLYHQ WR WKH UDQJH DQG UHVROXWLRQ RI WKH LWHP WR

HQVXUH WKDW WKH W\SH RI IORDW VHOHFWHG IRU WKH FRQYHUVLRQ

KDV DQ DGHTXDWH PDQWLVVD OHQJWK WR SUHVHUYH WKH

DFFXUDF\ RI WKH GDWD LWHP� 7ULSOH ZRUG LWHPV PD\

UHTXLUH VFDOLQJ SRUWLRQV RI WKH YDULDEOH VHSDUDWHO\ DQG

WKHQ DGGLQJ WKHP LQ IORDWLQJ SRLQW IRUP�

7

Type Abbreviation Words (Note 1) Bits Maximum Range

Bit (Note 2) Bit N/A 0 to 15 0 to 1

Character (Note 3) C N/A 8 ASCII 0 to 255

Integer I 1 16 -32768 to +32767

Double Integer DI 2 32 -2147483648 to +2147483647

Triple Integer TI 3 48 -140737488355328 to
+140737488355327

Unsigned Integer UI 1 16 0 to 65535

Unsigned Double Integer UDI 2 32 0 to 4294967295

Unsigned Triple Integer UTI 3 48 0 to 281474976710656

Note 1: The term “word” is used throughout this document to specify a quantity which occupies 16 bits of storage.

Note 2: Data items using bit storage are specified with a format of w.b, where w is the word number and b is the bit number (0-15, 0 LSB)
within the word. Multiple-bit items (bit fields) are indicated by a range of ‘word.bit’ values (e.g., 8.4-8.7).

Note 3: Although the AAMP2 processor and C compiler use 16-bit character representations, this data interface will use the more
common 8-bit representation. The Zodiac receiver software will pack/unpack the character data internally as needed.

Table 5-1. Binary Message Data Types



� 6HULDO 'DWD ,�2 ,QWHUIDFH =RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH

3DJH ��� &RQH[DQW 6\VWHPV� ,QF ����

&RPSRVLWH ZRUGV PD\ KDYH LQGHSHQGHQW GHILQLWLRQV IRU

HDFK ELW ILHOG LQ WKH ZRUG� )ODJ ELWV DUH HLWKHU ]HUR

�IDOVH� RU RQH �WUXH�� $OO ELWV WKDW DUH GHVLJQDWHG DV

UHVHUYHG ZLWKLQ WKH ELW GHVFULSWLRQV RI ELQDU\ GDWD KDYH

XQGHILQHG YDOXHV IRU RXWSXWV DQG PXVW EH VHW WR ]HUR

IRU LQSXWV�

5.2 Binary Message Header________________________________________________

7KH ELQDU\ PHVVDJH KHDGHU IRUPDW KDV EHHQ PRGLIHG

VOLJKWO\ IURP WKH 1DY&RUH 9 IRUPDW WR DFFRPPRGDWH

PHVVDJH ORJJLQJ UHTXHVWV� 7KH IRUPDW RI WKH QHZ

PHVVDJH KHDGHU LV VKRZQ LQ )LJXUH ����

����� 0HVVDJH +HDGHU :RUG �� (DFK LQSXW�RXWSXW

PHVVDJH VWDUWV ZLWK D V\QFKURQL]DWLRQ ZRUG RI WKH IRUP

�[��))+(; ZLWK '(/ ���� GHFLPDO� RFFXS\LQJ WKH ILUVW

HLJKW ELWV IROORZHG E\ WKH 6WDUW 2I +HDGHU �62+� ����

GHFLPDO� RFFXS\LQJ WKH VHFRQG HLJKW ELWV RI WKH

V\QFKURQL]DWLRQ ZRUG�

����� 0HVVDJH +HDGHU :RUG �� :RUG � FRQWDLQV WKH

QXPHULF PHVVDJH ,'� )RU H[DPSOH� ZRUG � IRU 0HVVDJH

,' ���� ZRXOG EH�

+LJK %\WH /RZ %\WH

���� ���� ���� ����

06% /6% 06% /6%

2U �[��(�+(;�

����� 0HVVDJH +HDGHU :RUG �� :RUG � FRQWDLQV WKH

ZRUG FRXQW IRU WKH GDWD SRUWLRQ RI WKH PHVVDJH� 7KH

ZRUG FRXQW GRHV QRW LQFOXGH WKH GDWD FKHFNVXP ZRUG�

$ ]HUR GDWD ZRUG FRXQW LQGLFDWHV D ´KHDGHU�RQO\µ

PHVVDJH�

����� 0HVVDJH +HDGHU :RUG �� 7KH IRXUWK ZRUG RI

WKH PHVVDJH KHDGHU LV D ���ELW ILHOG DOORFDWHG WR

SURWRFRO DQG PHVVDJH UHODWHG IODJV� 7KHVH IODJ ELWV

H[WHQG FRQWURO RYHU $&.�1$. UHTXHVWV DQG

LPSOHPHQW PHVVDJH ORJJLQJ UHTXHVWV� 7KH ]HURHV

UHSUHVHQWHG LQ WKH ZRUG � ILHOG VKRZQ LQ )LJXUH ��� DUH

UHVHUYHG ELWV DQG VKRXOG EH VHW WR ]HUR ZLWKLQ WKLV

ZRUG�

7KH $&.�1$. FRQWURO PHFKDQLVP JLYHV WKH XVHU WKH

DELOLW\ WR UHTXHVW HLWKHU $&. RU 1$.� RU ERWK�

LQGHSHQGHQWO\ IRU HDFK PHVVDJH UHTXHVW� 7KH XVHU VHWV

WKH UHTXHVW �5� ELW DQG HLWKHU WKH DFNQRZOHGJH �$� ELW

RU QHJDWLYH DFNQRZOHGJH �1� ELW� RU ERWK� WR VHOHFW WKH

SURSHU DFNQRZOHGJH EHKDYLRU� :LWK WKLV DSSURDFK� WKH

XVHU FDQ FRQILJXUH UHTXHVWV RQO\ WR EH 1$.HG� DOHUWLQJ

WKH XVHU ZKHQ D SUREOHP DULVHV ZLWKRXW LQFXUULQJ WKH

RYHUKHDG QHFHVVDU\ WR FRQWLQXRXVO\ SURFHVV $&.V�

7KH ORZHU VL[ ELWV RI WKH IODJV ZRUG FDQ EH XVHG DV DQ

DGGLWLRQDO LQSXW LGHQWLILHU� 7KLV LGHQWLILHU LV QRW

H[SOLFLWO\ SURFHVVHG E\ WKH UHFHLYHU� LW LV HFKRHG EDFN� LQ

WKH VDPH ORFDWLRQ� DV SDUW RI WKH KHDGHU LQ $&.�1$.

UHVSRQVHV� 7KLV IHDWXUH DOORZV WKH XVHU WR XQLTXHO\

GLVWLQJXLVK ZKLFK LQSXW PHVVDJH DQ DFNQRZOHGJHPHQW

FRUUHVSRQGV WR ZKHQ PXOWLSOH LQSXW PHVVDJHV ZLWK WKH

VDPH PHVVDJH ,' ZHUH SURFHVVHG GXULQJ D SDUWLFXODU

SHULRG RI WLPH�

7KH IODJV ZRUG QRZ VXSSRUWV PHVVDJH ORJJLQJ UHTXHVWV�

7KH FRQQHFW �&� DQG GLVFRQQHFW �'� ELWV DUH XVHG WR

HQDEOH DQG GLVDEOH� UHVSHFWLYHO\� PHVVDJH RXWSXWV� DQG

FDQ EH XVHG HLWKHU LQGHSHQGHQWO\ RU LQ FRQMXQFWLRQ ZLWK

WKH ORJ UHTXHVW ELWV� $ KHDGHU�RQO\ PHVVDJH� ZLWK D

0HVVDJH ,' DQG WKH FRQQHFW ELW VHW� HQDEOHV WKH

VSHFLILHG PHVVDJH ZLWK H[LVWLQJ WLPLQJ FKDUDFWHULVWLFV�

/LNHZLVH� D KHDGHU�RQO\ PHVVDJH� ZLWK 0HVVDJH ,' DQG

WKH GLVFRQQHFW ELW VHW� GLVDEOHV WKH VSHFLILHG PHVVDJH� $

Figure 5-1. Binary Message Header Format

High Byte Low Byte

1000 0001 1111 1111   Word 1

MSB LSB            MSB LSB

Message ID   Word 2

Data Word Count   Word 3

DCL0  QRAN    00XX XXXX   Word 4

Header Checksum   Word 5



=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH � 6HULDO 'DWD ,�2 ,QWHUIDFH

���� &RQH[DQW 6\VWHPV� ,QF� 3DJH ���

PHVVDJH ZLWK ERWK FRQQHFW DQG GLVFRQQHFW ELWV LV

LJQRUHG� 1RWH WKDW HQDEOLQJ DQG GLVDEOLQJ D PHVVDJH

GRHV QRW PRGLI\ LWV WLPLQJ FKDUDFWHULVWLFV �WULJJHU�

LQWHUYDO� RU RIIVHW�� $ ORJ UHTXHVW ZLWK WKH FRQQHFW ELW

VHW ZLOO VHW XS WKH PHVVDJH·V WLPLQJ FKDUDFWHULVWLFV DQG

WKHQ HQDEOH WKH PHVVDJH� 6LPLODUO\� IRU D FRPELQHG ORJ

DQG GLVDEOH UHTXHVW� WKH PHVVDJH ZLOO EH GLVDEOHG DIWHU

WKH WLPLQJ FKDUDFWHULVWLFV DUH VHW� 7R GLVDEOH DOO

PHVVDJHV� VHW WKH PHVVDJH ,' WR ))))+(; �DOO ELWV VHW�

DQG VHW WKH GLVFRQQHFW �'� ELW�

6HWWLQJ WKH TXHU\ �4� UHTXHVW ELW ZLOO RXWSXW WKH

PHVVDJH VSHFLILHG E\ WKH PHVVDJH ,' RQH WLPH GXULQJ

WKH QH[W RXWSXW LQWHUYDO� 6WDQGDUG ORJ UHTXHVWV ZLOO EH

DFFHSWHG LI WKH ORJ �/� ELW LV VHW DQG LI WKH UHTXLUHG GDWD

SDUDPHWHUV DUH SUHVHQW LQ WKH GDWD SRUWLRQ RI WKH

UHTXHVW PHVVDJH�

����� 0HVVDJH +HDGHU :RUG �� :RUG � RI WKH

PHVVDJH KHDGHU LV WKH GDWD FKHFNVXP� XVHG WR YDOLGDWH

WKH KHDGHU SRUWLRQ RI WKH PHVVDJH� ,W LV FRPSXWHG E\

VXPPLQJ �PRGXOR ���� DOO ZRUGV �LQFOXGLQJ WKH ZRUG

FRQWDLQLQJ '(/ DQG 62+� FRQWDLQHG LQ WKH KHDGHU DQG

WKHQ SHUIRUPLQJ D WZR·V FRPSOHPHQW RQ WKH VXP�

7KH FRPSXWDWLRQ RI WKH KHDGHU FKHFNVXP PD\ EH

H[SUHVVHG PDWKHPDWLFDOO\ DV�

SUM = Mod216

i=1

4∑ Word(i )

,I VXP  � ������ +HDGHU &KHFNVXP  680� HOVH

+HDGHU &KHFNVXP  � 680

ZKHUH�

D� 8QDU\ QHJDWLRQ LV FRPSXWHG DV WKH WZR
V

FRPSOHPHQW RI D ���ELW GDWD ZRUG�

E� 0RG ��� LQGLFDWHV WKH OHDVW �� ELWV RI DQ

DULWKPHWLF SURFHVV� 7KDW LV� FDUU\ ELWV IURP ELW

SRVLWLRQ �� DUH LJQRUHG�

F� 7KH VXPPDWLRQ LV WKH DOJHEUDLF ELQDU\ VXP RI

WKH ZRUGV LQGLFDWHG E\ WKH VXEVFULSW L�

G� 7KH ������ VXP YDOXH PXVW EH WUHDWHG DV D

VSHFLDO FDVH VLQFH LW FDQQRW EH QHJDWHG�

����� /RJ 5HTXHVW 0HVVDJHV� )LJXUH ��� VKRZV WKH

IRUPDW RI WKH GDWD SRUWLRQ RI VWDQGDUG ORJ UHTXHVW

PHVVDJHV� 7KH UDQJHV IRU ZRUGV �� �� DQG � RI WKHVH

PHVVDJHV DUH DV IROORZV�

7ULJJHU �  RQ WLPH� �  RQ XSGDWH

,QWHUYDO � WR ����� VHFRQGV �DQ LQWHUYDO RI ]HUR

SURGXFHV D TXHU\ DV LI WKH TXHU\ ELW >4@ LQ

ZRUG � RI WKH PHVVDJH KHDGHU KDV EHHQ VHW��

2IIVHW � WR �� VHFRQGV �DQ RIIVHW RI ]HUR VSHFLILHV

DQ LQLWLDO RXWSXW UHODWLYH WR WKH FXUUHQW WLPH�

$Q RIIVHW RI �� VSHFLILHV DQ LQLWLDO RXWSXW

UHODWLYH WR WKH QH[W HYHQ PLQXWH >]HUR

VHFRQGV LQWR WKH QH[W PLQXWH@��

:KHQ WKH 7ULJJHU ILHOG LV VHW WR ´RQ WLPHµ �LQWHJHU YDOXH

��� WKH ILUVW RXWSXW ZLOO RFFXU DW WKH QH[W 2IIVHW VHFRQGV

LQWR WKH PLQXWH� DQG ZLOO UHSHDW HYHU\ ,QWHUYDO VHFRQGV

WKHUHDIWHU� :KHQ WKH WULJJHU ILHOG LV VHW WR ´RQ XSGDWH�µ

WKH VSHFLILHG PHVVDJH ZLOO EH RXWSXW RQO\ ZKHQ WKH GDWD

LV XSGDWHG �H�J�� ZKHQ VDWHOOLWH DOPDQDF LV FROOHFWHG��

Figure 5-2. Standard Log Request Message Format (Data Portion)

Trigger (on time, on update) Word 6

Interval (sec) Word 7

Offset (sec) Word 8

Data Checksum Word 9
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5.3 Binary Message Data __________________________________________________

7KH GDWD SRUWLRQ RI D ELQDU\ PHVVDJH� LI LW H[LVWV� FDQ EH

YDULDEOH LQ OHQJWK� DV VSHFLILHG E\ WKH GDWD ZRUG FRXQW

IRXQG LQ WKH KHDGHU� 7KH 'DWD &KHFNVXP IROORZV WKH

GDWD DQG LV QRW LQFOXGHG LQ WKH GDWD ZRUG FRXQW�

7KH 'DWD &KHFNVXP LV D ���ELW ZRUG XVHG WR YDOLGDWH

WKH GDWD SRUWLRQ RI WKH PHVVDJH� ,W LV WUDQVPLWWHG DV WKH

ODVW ZRUG RI DQ\ PHVVDJH FRQWDLQLQJ GDWD �VHH )LJXUH

�����

:KHQ WKH :RUG &RXQW ILHOG LV ]HUR� WKH 'DWD

&KHFNVXP GRHV QRW H[LVW� ,W LV FRPSXWHG E\ VXPPLQJ

�PRGXOR ���� DOO ZRUGV LQ WKH GDWD SRUWLRQ RI WKH

PHVVDJH DQG WKHQ FRPSOHPHQWLQJ WKDW VXP� 7KH

PDWKHPDWLFDO H[SUHVVLRQ IRU WKH 'DWD &KHFNVXP LV�

SUM = Mod216

i= 6

5+ N∑ Word(i)

,I VXP  � ������ 'DWD &KHFNVXP  680� HOVH 'DWD

&KHFNVXP  � 680

ZKHUH�

D� 8QDU\ QHJDWLRQ LV FRPSXWHG DV WKH WZR
V

FRPSOHPHQW RI D ���ELW GDWD ZRUG�

E� 0RG ��� LQGLFDWHV WKH OHDVW �� ELWV RI DQ

DULWKPHWLF SURFHVV� 7KDW LV� FDUU\ ELWV IURP ELW

SRVLWLRQ �� DUH LJQRUHG�

F� 7KH VXPPDWLRQ LV WKH DOJHEUDLF ELQDU\ VXP RI

WKH ZRUGV LQGLFDWHG E\ WKH VXEVFULSW �L��

G� 7KH ������ VXP YDOXH PXVW EH WUHDWHG DV D

VSHFLDO FDVH VLQFH LW FDQQRW EH QHJDWHG�

'DWD HOHPHQWV LGHQWLILHG DV ´5HVHUYHGµ PXVW EH VHW WR

]HUR IRU LQSXW PHVVDJHV DQG DUH XQGHILQHG IRU RXWSXW

PHVVDJHV� $OO GDWD VWRUDJH ZKLFK LV QRW H[SOLFLWO\

GHILQHG VKRXOG EH KDQGOHG DV LI LW ZHUH PDUNHG

´5HVHUYHG�µ

8QOHVV RWKHUZLVH VWDWHG� WKH UHVROXWLRQ RI HDFK QXPHULF

GDWD LWHP LV RQH LQWHJHU XQLW� DV VSHFLILHG E\ WKDW LWHP LQ

WKH ´8QLWVµ ILHOG�

5.4 NMEA Messages, Format, And Sentence Structure _________________________

10($ PHVVDJHV DUH RXWSXW LQ UHVSRQVH WR VWDQGDUG 4

�4XHU\� RU SURSULHWDU\ ,/2* �/RJ &RQWURO� PHVVDJHV

DV GHVFULEHG LQ 6HFWLRQ ���� 7KH WLPLQJ RI RXWSXW

PHVVDJHV LV V\QFKURQL]HG ZLWK WKH 7LPH 0DUN RXWSXW

HYHQW�

����� 10($ 2XWSXW 0HVVDJHV� 7KH IROORZLQJ

VXSSRUWHG 10($ RXWSXW PHVVDJHV FRPSO\ ZLWK WKH

10($����� YHUVLRQ ���� VWDQGDUG�

• **$� *36 )L[ 'DWD
• *6$� *36 '23 DQG $FWLYH 6DWHOOLWHV
• *69� *36 6DWHOOLWHV LQ 9LHZ
• 50&� 5HFRPPHQGHG 0LQLPXP 6SHFLILF *36

'DWD

7KH =RGLDF UHFHLYHU DOVR VXSSRUWV WKH IROORZLQJ

&RQH[DQW SURSULHWDU\ RXWSXW PHVVDJHV�

• %,7� &RQH[DQW 3URSULHWDU\ %XLOW�,Q 7HVW 5HVXOWV
• (55� &RQH[DQW 3URSULHWDU\ (UURU�6WDWXV
• 5,'� &RQH[DQW 3URSULHWDU\ 5HFHLYHU ,'
• =&+� &RQH[DQW 3URSULHWDU\ =RGLDF &KDQQHO
6WDWXV

7KHVH SURSULHWDU\ PHVVDJHV FRQIRUP WR WKH PHVVDJH

IRUPDW GHVFULEHG EHORZ�

����� 10($ ,QSXW 0HVVDJHV� 7KH =RGLDF UHFHLYHU

VXSSRUWV WKH IROORZLQJ SURSULHWDU\ LQSXW PHVVDJHV�

• ,%,7� &RQH[DQW 3URSULHWDU\ %XLOW�,Q 7HVW
&RPPDQG

• ,/2*� &RQH[DQW 3URSULHWDU\ /RJ &RQWURO
• ,1,7� &RQH[DQW 3URSULHWDU\ 5HFHLYHU ,QLWLDOL]DWLRQ
• ,352� &RQH[DQW 3URSULHWDU\ 3URWRFRO

7KH ,1,7 PHVVDJH LV XVHG WR FRPPDQG LQLWLDOL]DWLRQ RI

WKH UHFHLYHU DQG WKH ,352 PHVVDJH LV XVHG WR FKDQJH

WKH PHVVDJH SURWRFRO� 7KH ILUVW FKDUDFWHU RI WKH

PHVVDJH VHQWHQFH LV ´3�µ IROORZHG E\ D WKUHH�FKDUDFWHU

PQHPRQLF FRGH IRU &RQH[DQW 6\VWHPV ,QF� �5:,�

DFFRUGLQJ WR $SSHQGL[ ,,, RI WKH 10($�����

VWDQGDUG�

����� 10($ 0HVVDJH )RUPDW� $OO 10($����� GDWD

PHVVDJHV DUH LQ $6&,, IRUP� (DFK PHVVDJH EHJLQV ZLWK

$6&,, � ���+(;� DQG HQGV ZLWK $6&,, �&5!�/)!

��'+(; DQG �$+(;�� 7KH YDOLG FKDUDFWHU VHW FRQVLVWV RI
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���� &RQH[DQW 6\VWHPV� ,QF� 3DJH ���

DOO SULQWDEOH $6&,, FKDUDFWHUV� ��+(; WR �(+(;� H[FHSW

IRU WKH UHVHUYHG FKDUDFWHUV OLVWHG LQ 7DEOH ����

(DFK 10($ PHVVDJH� RU VHQWHQFH� FRQVLVWV RI D VHW RI

ILHOGV VHSDUDWHG E\ D FRPPD GHOLPLWHU FKDUDFWHU� (DFK

ILHOG FDQ FRQWDLQ HLWKHU D VWULQJ RI YDOLG FKDUDFWHUV RU QR

FKDUDFWHUV �QXOO ILHOG�� 9DOLG FKDUDFWHUV PXVW FRQIRUP

ZLWK WKH IRUPDWV GHVFULEHG LQ 7DEOH ����

7KH PD[LPXP QXPEHU RI FKDUDFWHUV LQ D VHQWHQFH LV

��� FRQVLVWLQJ RI D PD[LPXP RI �� FKDUDFWHUV EHWZHHQ

WKH VWDUWLQJ GHOLPLWHU ´�µ DQG WKH WHUPLQDWLQJ �&5!

DQG �/)!�

6LQFH WKH QXPEHU RI GDWD ILHOGV FDQ YDU\ IURP VHQWHQFH

WR VHQWHQFH� LW LV LPSRUWDQW WKDW WKH ´OLVWHQHUµ �RU

DSSOLFDWLRQ VRIWZDUH� ORFDWH ILHOGV E\ FRXQWLQJ

GHOLPLWHUV UDWKHU WKDQ FRXQWLQJ WKH WRWDO QXPEHU RI

FKDUDFWHUV UHFHLYHG IURP WKH VWDUW RI WKH VHQWHQFH�

����� 10($����� $SSURYHG 6HQWHQFHV� $Q

DSSURYHG 10($����� VHQWHQFH FRQWDLQV WKH IROORZLQJ

HOHPHQWV� LQ WKH RUGHU VKRZQ�

´ � µ 6WDUW RI WKH VHQWHQFH

���+(;�

�DGGUHVV ILHOG! 7DONHU LGHQWLILHU DQG

VHQWHQFH IRUPDWWHU�

>´�µ�GDWD ILHOG!@ =HUR RU PRUH GDWD ILHOGV�

�

�

�

>´�µ�GDWD ILHOG!@

>´
µ�FKHFNVXP ILHOG!@ 2SWLRQDO FKHFNVXP ILHOG�

�&5!�/)! (QG RI VHQWHQFH

GHOLPLWHU ��' �$+(;��

016'� 5KPEG VJG <QFKCE TGEGKXGT KU C )25 FGXKEG�

VJG KVCNMGTL KFGPVKHKGT KU CNYC[U K)2�L

����� 3URSULHWDU\ 6HQWHQFHV� 3URSULHWDU\ VHQWHQFHV

DOORZ 2(0V WR WUDQVIHU GDWD WKDW GRHV QRW IDOO ZLWKLQ

WKH VFRSH RI DSSURYHG 10($ VHQWHQFHV�

$ SURSULHWDU\ VHQWHQFH FRQWDLQV WKH IROORZLQJ HOHPHQWV�

LQ WKH RUGHU VKRZQ�

´ � µ 6WDUW RI WKH VHQWHQFH

���+(;�

´ 3 µ 3URSULHWDU\ VHQWHQFH ,'

���+(;��

�DDD! 2(0·V PQHPRQLF FRGH�

>�YDOLG FKDUDFWHUV� 2(0·V GDWD!@

>´
µ�FKHFNVXP ILHOG!@ 2SWLRQDO FKHFNVXP ILHOG�

�&5!�/)! (QG RI VHQWHQFH GHOLPLWHU ��'

�$+(;��

Character Hex Value Decimal Value Description

<CR> 0D 13 Carriage return (end of sentence delimiter)

<LF> 0A 10 Line feed (end of sentence delimiter)

$ 24 36 Start of sentence delimiter

* 2A 42 Checksum field delimiter

, 2C 44 Field delimiter

! 21 33 Reserved

\ 5C 92 Reserved

^ 5E 94 Reserved

- 7E 126 Reserved

Table 5-2. NMEA Reserved Characters
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Table 5-3. NMEA Field Type Summary

Field Type Symbol Definition

Special Format Fields

Status A Single character field:
A = Yes, Data Valid, Warning Flag Clear
V = No, Data Invalid, Warning Flag Set

Latitude llll.ll Fixed/variable length field:

Degrees/minutes.decimal -- two fixed digits of degrees, two fixed digits of minutes and a variable number of
digits for decimal-fraction of minutes. Leading zeros always included for degrees and minutes to maintain
fixed length. The decimal point and associated decimal-fraction are optional if full resolution is not required.

Longitude yyyyy.yy Fixed/variable length field:

Degrees/minutes.decimal -- three fixed digits of degrees, two fixed digits of minutes and a variable number
of digits for decimal-fraction of minutes. Leading zeros always included for degrees and minutes to
maintain fixed length. The decimal point and associated decimal-fraction are optional if full resolution is not
required.

Time hhmmss.ss Fixed/variable length field:

Hours/minutes/seconds.decimal -- two fixed digits of hours, two fixed digits of minutes, two fixed digits of
seconds and a variable number of digits for decimal-fraction of seconds. Leading zeros always included for
hours, minutes, and seconds to maintain fixed length. The decimal point and associated decimal-fraction
are optional if full resolution is not required.

Defined field Some fields are specified to contain pre-defined constants, most often alpha characters. Such a field is
indicated in the NMEA-0183 standard by the presence of one or more valid characters. The following
characters and character strings used to indicate field types are excluded from the list of allowable
characters: "A," "a," "c," "hh," "hhmmss.ss," "llll.ll," "x," and "yyyyy.yy."

Numeric Value Fields

Variable numbers x.x Variable length integer or floating point numeric field:

Optional leading and trailing zeros. The decimal point and associated decimal-franction are optional if full
resolution is not required (e.g., 73.10 = 73.1 = 073.1 = 73).

Fixed HEX field hh_ _ Fixed length HEX numbers only, most significant bit on the left.

Information Fields

Variable text c- - c Variable length valid character field.

Fixed alpha field aa_ _ Fixed length field of uppercase or lowercase alpha characters.

Fixed number field xx_ _ Fixed length field of numeric characters.

Fixed text field cc_ _ Fixed length field of valid characters.

NOTES:

1. Spaces may only be used in variable text fields.

2. A negative sign (“-” or 2DHEX) is the first character in a field if the value is negative. The sign is omitted if the value is positive.

3. All data fields are delimited by a comma (“,”).

4. Null fields are indicated by no data between two delimiters.
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���� &RQH[DQW 6\VWHPV� ,QF� 3DJH ���

����� &KHFNVXP� 7KH FKHFNVXP LV WKH ��ELW H[FOXVLYH

25 �QR VWDUW RU VWRS ELWV� RI DOO FKDUDFWHUV LQ WKH

VHQWHQFH� LQFOXGLQJ GHOLPLWHUV �H[FHSW IRU WKH � DQG WKH

RSWLRQDO 
 GHOLPLWHUV�� 7KH KH[DGHFLPDO YDOXH RI WKH

PRVW VLJQLILFDQW DQG OHDVW VLJQLILFDQW IRXU ELWV RI WKH

UHVXOW DUH FRQYHUWHG WR WZR $6&,, FKDUDFWHUV �� WR �� $

WR )� IRU WUDQVPLVVLRQ� 7KH PRVW VLJQLILFDQW FKDUDFWHU LV

WUDQVPLWWHG ILUVW�

Output Message Name Message ID Input Message Name Message ID

Geodetic Position Status Output (*) 1000 Geodetic Position and Velocity Initialization 1200

Channel Summary (*) 1002 User-Defined Datum Definition 1210

Visible Satellites (*) 1003 Map Datum Select 1211

Differential GPS Status 1005 Satellite Elevation Mask Control 1212

Channel Measurement 1007 Satellite Candidate Select 1213

ECEF Position Output 1009 Differential GPS Control 1214

Receiver ID (**) 1011 Cold Start Control 1216

User-Settings Output 1012 Solution Validity Criteria 1217

Built-In Test Results 1100 User-Entered Altitude Input 1219

UTC Time Mark Pulse Output (*) 1108 Application Platform Control 1220

Frequency Standard Parameters In Use 1110 Nav Configuration 1221

Power Management Duty Cycle In Use 1117 Perform Built-In Test Command 1300

Serial Port Communication Parameters In Use 1130 Restart Command 1303

EEPROM Update 1135 Frequency Standard Input Parameters 1310

EEPROM Status 1136 Power Management Control 1317

Frequency Standard Table Output Data 1160 Serial Port Communications Parameters 1330

Boot Status 1180 Factory Calibration Input 1350

Error/Status 1190 Frequency Standard Table Input Data 1360

Message Protocol Control 1331

Raw DGPS RTCM SC-104 Data 1351

Flash Reprogram Request 1380

(*) Enable by default at power-up
(**) Once at power-up/reset

Table 5-4. Zodiac Binary Data Messages
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5.5 Zodiac Binary Data Messages___________________________________________

7KLV VHFWLRQ GHVFULEHV WKH ELQDU\ GDWD PHVVDJHV RI WKH

=RGLDF *36 UHFHLYHU� $OO RI WKH RXWSXW DQG LQSXW

ELQDU\ PHVVDJHV DUH OLVWHG LQ 7DEOH ��� WRJHWKHU ZLWK

WKHLU FRUUHVSRQGLQJ PHVVDJH ,'V� 3RZHU�XS GHIDXOW

PHVVDJHV DUH DOVR LGHQWLILHG�

%LQDU\ PRGH LV VHOHFWHG DFFRUGLQJ WR WKH ORJLF

GHVFULEHG LQ WKH ´-XSLWHUµ 'DWD 6KHHW WKDW DFFRPSDQLHV

WKLV 'HVLJQHU·V *XLGH� %LQDU\ PHVVDJHV DUH WUDQVPLWWHG

DQG UHFHLYHG DFURVV WKH KRVW SRUW VHULDO ,�2 LQWHUIDFH

�56����� ZLWK WKH IROORZLQJ GHIDXOW FRPPXQLFDWLRQV

SDUDPHWHUV�

• ���� ESV • QR SDULW\

• � GDWD ELWV • � VWRS ELW

����� %LQDU\ 2XWSXW 0HVVDJH 'HVFULSWLRQV� 7KLV

VHFWLRQ SURYLGHV GHWDLOV IRU HDFK RI WKH RXWSXW ELQDU\

PHVVDJHV�
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���� &RQH[DQW 6\VWHPV� ,QF� 3DJH ���

������� *HRGHWLF 3RVLWLRQ 6WDWXV 2XWSXW �0HVVDJH

������ 7KLV PHVVDJH RXWSXWV WKH UHFHLYHU·V HVWLPDWH RI

SRVLWLRQ� JURXQG VSHHG� FRXUVH RYHU JURXQG� FOLPE UDWH�

DQG PDS GDWXP� $ VROXWLRQ VWDWXV LQGLFDWHV ZKHWKHU RU

QRW WKH VROXWLRQ LV YDOLG �EDVHG RQ WKH VROXWLRQ YDOLGLW\

FULWHULD� DQG DOVR WKH W\SH RI VROXWLRQ� 7KH QXPEHU RI

PHDVXUHPHQWV XVHG WR FRPSXWH WKH VROXWLRQ LV DOVR

LQFOXGHG�

7KH 3RODU 1DYLJDWLRQ IODJ LV XVHG WR LQGLFDWH WKDW WKH

VROXWLRQ HVWLPDWH LV WRR FORVH WR WKH 1RUWK RU 6RXWK

3ROH WR HVWLPDWH ORQJLWXGH� :KHQ WKLV IODJ LV WUXH� WKH

ORQJLWXGH DQG WUXH FRXUVH RXWSXWV DUH LQYDOLG DQG DUH

QRW XSGDWHG� 8VHUV RSHUDWLQJ QHDU WKH SROHV VKRXOG XVH

WKH (&() 3RVLWLRQ 6WDWXV 2XWSXW PHVVDJH�

7KH FRQWHQWV RI WKH *HRGHWLF 3RVLWLRQ 6WDWXV 2XWSXW

0HVVDJH DUH GHVFULEHG LQ 7DEOH ����

Table 5-5. Message 1000: Geodetic Position Status Output Message (1 of 3)

Message ID: 1000

Rate: Variable; defaults to 1 Hz

Message Length: 55 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6-7 Set Time (Note 1) UDI 10 msec ticks 0 to 4294967295

8 Sequence Number (Note 2) I 0 to 32767

9 Satellite Measurement Sequence Number (Note 3) I 0 to 32767

Navigation Solution Validity (10.0-10.15)

10.0 Solution Invalid - Altitude Used (Note 4) Bit 1 = true

10.1 Solution Invalid - No Differential GPS (Note 4) Bit 1 = true

10.2 Solution Invalid - Not Enough Satellites in Track (Note 4) Bit 1 = true

10.3 Solution Invalid - Exceeded Maximum EHPE (Note 4) Bit 1 = true

10.4 Solution Invalid - Exceeded Maximum EVPE (Note 4) Bit 1 = true

10.5 Solution Invalid - No DR Measurements (Note 5) Bit 1 = true

10.6 Solution Invalid - No DR Calibration (Note 6) Bit 1 = true

10.7 Solution Invalid - No Concurrent DR Calibration by GPS
(Note 7)

Bit 1 = true

10.8-10.15 Reserved

Navigation Solution Type (11.0-11.15)

11.0 Solution Type - Propagated Solution (Note 8) Bit 1 = propagated

11.1 Solution Type - Altitude Used Bit 1 = altitude used

11.2 Solution Type -Differential Bit 1 = differential

11.3 Solution Type - PM Bit 1 = RF off

11.4 Solution Type - GPS (Note 9) Bit 1 = true

11.5 Solution Type - Concurrent GPS Calibrated DR (Note 10) Bit 1 = true

11.6 Solution Type - Stored Calibration DR (Note 11) Bit 1 = true

11.7-11.15 Reserved

12 Number of Measurements Used in Solution UI 0 to 12
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Table 5-5. Message 1000: Geodetic Position Status Output Message (2 of 3)

Word No.: Name: Type: Units: Range: Resolution:

13 Non-DR Link: Polar Navigation
DR Navigation Link:

Bit 0 = Polar Navigation
Bit 15 to 1 = Hading Uncertainty Standard Deviation
(Note 12)

Bit

Bit
UI degrees

1 = true

1 = true
0 to 300 0.01

14 GPS Week Number UI weeks 0 to 32767

15-16 GPS Seconds From Epoch UDI seconds 0 to 604799

17-18 GPS Nanoseconds From Epoch UDI nanosec 0 to 999999999

19 UTC Day UI days 1 to 31

20 UTC Month UI months 1 to 12

21 UTC Year UI year 1980 to 2079

22 UTC Hours UI hours 0 to 23

23 UTC Minutes UI minutes 0 to 59

24 UTC Seconds UI seconds 0 to 59

25-26 UTC Nanoseconds From Epoch UDI nanosec 0 to 999999999

27-28 Latitude DI radians ±0 to π/2 10-8

29-30 Longitude DI radians ±0 to π 10-8

31-32 Height DI meters ±0 to 50000 10-2

33 Geoidal Separation I meters ±0 to 200 10-2

34-35 Ground Speed UDI meters/sec 0 to 1000 10-2

36 True Course UI radians 0 to 2π 10-3

37 Magnetic Variation I radians ±0 to π/4 10-4

38 Climb Rate I meters/sec ±300 10-2

39 Map Datum (Note 13) UI 0 to 188 and 300
to 304

40-41 Expected Horizontal Position Error (Note 14) UDI meters 0 to 320000000 10-2

42-43 Expected Vertical Position Error (Note 14) UDI meters 0 to 250000 10-2

44-45 Expected Time Error (Note 14) UDI meters 0 to 300000000 10-2

46 Expected Horizontal Velocity Error (Note 14) UI meters/sec 0 to 10000 10-2

47-48 Clock Bias (Note 14) DI meters ±0 to 9000000 10-2

49-50 Clock Bias Standard Deviation (Note 14) DI meters ±0 to 9000000 10-2

51-52 Clock Drift (Note 14) DI m/sec ±0 to 1000 10-2

53-54 Clock Drift Standard Deviation (Note 14) DI m/sec ±0 to 1000 10-2

55 Data Checksum
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Table 5-5. Message 1000: Geodetic Position Status Output Message (3 of 3)

Note 1:

Set time is an internal 10 millisecond (T10) count since power-on initialization enabled the processor interrupts. It is not used to derive GPS time, but only
serves to provide a sequence of events knowledge. The set time or T10 count references the receiver’s internal time at which the message was created
for output. The T10 range is approximately 71 weeks.

Note 2:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
output.

Note 3:

The satellite measurement sequence number relates the position solution data to a particular set of satellite measurements found in binary messages
1002 and 1007 (Channel Summary Message and Channel Measurement Message, respectively).

Note 4:

The value of this data item was initially set using the Solution Validity Criteria Message (Message 1217).

Note 5:

Either no DR messages are being received or data has been detected as inconsistent with GPS.

Note 6:

No calibration is available for DR measurements from concurrent GPS or from stored values.

Note 7:

No calibration is available for DR measurements from concurrent GPS.

Note 8:

It should be noted that bit zero of word 11 does not refer to a solution propagated by the navigation software. This bit is used to indicate if the solution
was propagated by the serial I/O manager to generate a 1 Hz output message when no new navigation state data was available. This is an error
condition potentially caused by a shortage of throughput in one cycle. It is unlikely to occur and is self correcting. Normal state propagation which occurs
within the navigation software with or without measurements available for processing does not cause this bit to be set.

Note 9:

Navigation is based on GPS alone. Current systsem or GPS/DR with no DR measurements available.

Note 10:

DR is running with concurrent calibration by GPS.

Note 11:

DR is running with calibration from stored values from prior operating session.

Note 12:

An uncertainty value of 0x7FFF indicates unknown heading. A message value 0x000D indicates Polar Navigation equals true and heading uncertainty
SD equals 0.06 (hex value 0x000C).

Note 13:

The table in Appendix B contains map datum codes from 0 to 188. Codes 300 to 304 are user-defined.

Note 14:

The data displayed by this field is not valid until the receiver is in navigation mode.
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������� &KDQQHO 6XPPDU\ �0HVVDJH ������7KLV

PHVVDJH SURYLGHV D VXPPDU\ IRUP RI WKH VDWHOOLWH UDQJH

PHDVXUHPHQWV DQG VLJQDO WUDFNLQJ LQIRUPDWLRQ RQ D SHU�

FKDQQHO EDVLV� 7KH FRQWHQWV RI WKH &KDQQHO 6XPPDU\

0HVVDJH DUH GHVFULEHG LQ 7DEOH ����

Message ID: 1002

Rate: Variable; defaults to 1 Hz

Message Length: 51 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6-7 Set Time (Note 1) UDI 10 msec ticks 0 to 4294967295

8 Sequence Number (Note 2) I 0 to 32767

9 Satellite Measurement Sequence Number (Note 3) I 0 to 32767

10 GPS Week Number UI weeks 0 to 32767

11-12 GPS Seconds Into Week UDI sec 0 to 604799

13-14 GPS Nanoseconds From Epoch UDI nanosec 0 to 999999999

Channel Summary Data

15.0+(3*n) Measurement Used (Note 4) Bit 1 = used

15.1+(3*n) Ephemeris Available Bit 1 = available

15.2+(3*n) Measurement Valid Bit 1 = valid

15.3+(3*n) DGPS Corrections Available Bit 1 = available

16+(3*n) Satellite PRN UI 0 to 32

17+(3*n) C/No UI dBHz 0 to 60

51 Data Checksum

Note 1:

Set time is an internal 10 millisecond (T10) count since power-on initialization enabled the processor interrupts. It is not used to derive GPS time, but only
serves to provide a sequence of events knowledge. The set time or T10 count references the receiver’s internal time at which the message was created
for output. The T10 range is approximately 71 weeks.

Note 2:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
output.

Note 3:

The satellite measurement sequence number relates the position solution data to a particular set of satellite measurements found in binary messages
1002 and 1007 (Channel Summary Message and Channel Measurement Message, respectively).

Note 4:

n = 0 to 11

Table 5-6. Message 1002: Channel Summary Message
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������� 9LVLEOH 6DWHOOLWHV �0HVVDJH ������7KLV

PHVVDJH RXWSXWV WKH OLVW RI VDWHOOLWHV YLVLEOH WR WKH

UHFHLYHU DQG WKHLU FRUUHVSRQGLQJ HOHYDWLRQV DQG

D]LPXWKV� 7KH EHVW SRVVLEOH '23V� FDOFXODWHG IURP WKLV

YLVLEOH OLVW� DUH DOVR SURYLGHG� 7KH FRQWHQWV RI WKH

9LVLEOH 6DWHOOLWHV 0HVVDJH DUH GHVFULEHG LQ 7DEOH ����

Message ID: 1003

Rate: Variable; default on update

Message Length: 51 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6-7 Set Time (Note 1) UDI 10 msec ticks 0 to 4294967295

8 Sequence Number (Note 2) I 0 to 32767

9 Best Possible GDOP I 0 to 99 10-2

10 Best Possible PDOP I 0 to 99 10-2

11 Best Possible HDOP I 0 to 99 10-2

12 Best Possible VDOP I 0 to 99 10-2

13 Best Possible TDOP I 0 to 99 10-2

14 Number of Visible Satellites UI 1 to 12

VISIBLE SATELLITE SET (Note 3)

15 + (3*j) Satellite PRN (Note 4) UI 0 to 32

16 + (3*j) Satellite Azimuth I radians ±π 10-4

17 + (3*j) Satellite Elevation I radians ±π/2 10-4

51 Data Checksum

Note 1:

Set time is an internal 10 millisecond (T10) count since power-on initialization enabled the processor interrupts. It is not used to derive GPS time, but only
serves to provide a sequence of events knowledge. The set time or T10 count references the receiver’s internal time at which the message was created
for output. The T10 range is approximately 71 weeks.

Note 2:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
output.

Note 3:

Only the satellite sets for the number of satellites reported in word 14 of this message are valid.

Note 4:

j = the number of visible satellites minus one when the number of visible satellites is greater than zero.

Table 5-7. Message 1003: Visible Satellites Message
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������� 'LIIHUHQWLDO *36 6WDWXV �0HVVDJH ������7KLV

PHVVDJH FRQWDLQV '*36 VWDWXV LQIRUPDWLRQ GHULYHG

IURP WKH ODVW VHW RI GLIIHUHQWLDO FRUUHFWLRQV SURFHVVHG

E\ WKH UHFHLYHU� 7KH FRQWHQWV RI WKH 'LIIHUHQWLDO *36

6WDWXV 0HVVDJH DUH GHVFULEHG LQ 7DEOH ����

Message ID: 1005

Rate: Variable

Message Length: 25 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6-7 Set Time (Note 1) UDI 10 msec ticks 0 to 4294967295

8 Sequence Number (Note 2) I 0 to 32767

Status (9.0-9.15)

9.0 Station Health Bit 1 = station bad

9.1 User Disabled Bit 1 = user
disabled

9.2-9.15 Reserved

10 Station ID UI 0 to 1023

11 Age of Last Correction UI seconds 0 to 999

12 Number of Available Corrections UI 0 to 12

CORRECTION STATUS PER SATELLITE (Note 3)

j.0-j.5 Satellite PRN (Note 4) UI 1 to 32

j.6 Local Ephemeris Bit 1 =ephemeris
not available

j.7 RTCM Corrections Bit 1 =corrections
not available

j.8 RTCM UDRE Bit 1 = UDRE too
high

j.9 Satellite Health Bit 1 =satellite
data
indicates
bad health

Table 5-8. Message 1005: Differential GPS Status Message (1 of 2)
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Table 5-8. Message 1005: Differential GPS Status Message (2 of 2)

Word No.: Name: Type: Units: Range: Resolution:

j.10 RTCM Satellite Health Bit 1 = RTCM
source
declares
satellite bad

j.11 Corrections Stale Bit 1 = received
stale
corrections

j.12 IODE Mismatch Bit 1 = IODE
mismatch

j.13-j.15 Reserved

25 Data Checksum

Note 1:

Set time is an internal 10 millisecond (T10) count since power-on initialization enabled the processor interrupts. It is not used to derive GPS time, but only
serves to provide a sequence of events knowledge. The set time or T10 count references the receiver’s internal time at which the message was created
for output. The T10 range is approximately 71 weeks.

Note 2:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
output.

Note 3:

Only the correction status words for the number of available corrections reported in word 12 of this message are valid.

Note 4:

The word number, j, ranges from 13 to 24.
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������� &KDQQHO 0HDVXUHPHQW �0HVVDJH ������7KLV

PHVVDJH SURYLGHV PHDVXUHPHQW DQG DVVRFLDWHG GDWD IRU

HDFK RI WKH UHFHLYHU·V �� FKDQQHOV� 7KH FRQWHQWV RI WKH

&KDQQHO 0HDVXUHPHQW 0HVVDJH DUH GHVFULEHG LQ

7DEOH ����

Message ID: 1007

Rate: Variable

Message Length: 154 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6-7 Set Time (Note 1) UDI 10 msec ticks 0 to 4294967295

8 Sequence Number (Note 2) I 0 to 32767

9 Satellite Measurement Sequence Number (Note 3) I 0 to 32767

CHANNEL MEASUREMENT DATA

10 + 12*j Pseudorange (Note 4) TI meters ±1.414 10-3

13 + 12*j Pseudorange Rate DI meters/sec ±21474836 10-3

15 + 12*j Carrier Phase TI meters ±1.414 10-3

18 + 12*j Carrier Phase Bias TI meters ±1.414 10-3

21 + 12*j Phase Bias Count UI 0 to 65535

154 Data Checksum

Note 1:

Set time is an internal 10 millisecond (T10) count since power-on initialization enabled the processor interrupts. It is not used to derive GPS time, but only
serves to provide a sequence of events knowledge. The set time or T10 count references the receiver’s internal time at which the message was created
for output. The T10 range is approximately 71 weeks.

Note 2:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
output.

Note 3:

The satellite measurement sequence number relates the position solution data to a particular set of satellite measurements found in binary messages
1002 and 1007 (Channel Summary Message and Channel Measurement Message, respectively).

Note 4:

j = 0 to 11

Table 5-9. Message 1007: Channel Measurement Message
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������� 5HGXFHG (&() 3RVLWLRQ 6WDWXV 2XWSXW

�0HVVDJH ������ 7KLV PHVVDJH SURYLGHV PHDVXUHPHQW

DQG DVVRFLDWHG GDWD IRU HDFK RI WKH UHFHLYHU·V ��

FKDQQHOV� 7KH FRQWHQWV RI WKH &KDQQHO 0HDVXUHPHQW

0HVVDJH DUH GHVFULEHG LQ 7DEOH �����

Message ID: 1009

Rate: Variable

Message Length: 22 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6-7 Set Time (Note 1) UDI 10 msec ticks 0 to 4294967295

8 Sequence Number (Note 2) I 0 to 32767

9 Satellite Measurement Sequence Number (Note 3) I 0 to 32767

ECEF Navigation Solution

10-11 ECEF Position - X (Note 4) DI meters ±0 to 9000000 10-2

12-13 ECEF Position - Y (Note 4) DI meters ±0 to 9000000 10-2

14-15 ECEF Position - Z (Note 4) DI meters ±0 to 9000000 10-2

16-17 ECEF Velocity - X (Note 4) DI meters/sec ±0 to 1000 10-2

18-19 ECEF Velocity - Y (Note 4) DI meters/sec ±0 to 1000 10-2

20-21 ECEF Velocity - Z (Note 4) DI meters/sec ±0 to 1000 10-2

22 Data Checksum UI

Note 1:

Set time is an internal 10 millisecond (T10) count since power-on initialization enabled the processor interrupts. The set time indicated is at the time the
message is submitted to the output queue.

Note 2:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
output.

Note 3:

The satellite measurement sequence number relates the position solution data to a particular set of satellite measurements found in binary messages
1002 and 1007 (Channel Summary Message and Channel Measurement Message, respectively).

Note 4:

The data displayed by this field is not valid until the receiver is in navigation mode.

Table 5-10. Message 1009: ECEF Position Output Message
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������� 5HFHLYHU ,' �0HVVDJH ������ 7KLV PHVVDJH LV

RXWSXW DXWRPDWLFDOO\ DW VWDUWXS DIWHU WKH UHFHLYHU KDV

FRPSOHWHG LWV LQLWLDOL]DWLRQ� ,W FDQ EH XVHG WR GHWHUPLQH

ZKHQ WKH UHFHLYHU LV UHDG\ WR DFFHSW VHULDO LQSXW�

0DQXDO UHTXHVWV IRU WKLV PHVVDJH DUH DOVR KRQRUHG�

7KLV PHVVDJH FRQVLVWV RI ILYH ���E\WH �WZR FKDUDFWHUV

SHU ZRUG�� QXOO�SDGGHG $6&,, GDWD ILHOGV� 7KH FRQWHQWV

RI WKH 5HFHLYHU ,' 0HVVDJH DUH GHVFULEHG LQ 7DEOH

�����

Message ID: 1011

Rate: Variable (see above)

Message Length: 59 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6-7 Set Time (Note 1) UDI 10 msec ticks 0 to 4294967295

8 Sequence Number (Note 2) I 0 to 32767

9-18 Number of Channels C

19-28 Software Version C

29-38 Software Date C

39-48 Options List (Note 3) C

49-58 Reserved UI

59 Data Checksum

Note 1:

Set time is an internal 10 millisecond (T10) count since power-on initialization enabled the processor interrupts. It is not used to derive GPS time, but only
serves to provide a sequence of events knowledge. The set time or T10 count references the receiver’s internal time at which the message was created
for output. The T10 range is approximately 71 weeks.

Note 2:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
output.

Note 3:

The options list is a bit-encoded configuration word represented as an ASCII four-digit hexadecimal number:

bit 0 minimize ROM usage
bit 1 minimize RAM usage
bits 2-15 reserved

Table 5-11. Message 1011: Receiver ID Message
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������� 8VHU 6HWWLQJV 2XWSXW �0HVVDJH ������7KLV

PHVVDJH SURYLGHV D VXPPDU\ RI WKH VHWWLQJV IRU PDQ\

RI WKH XVHU�GHILQDEOH SDUDPHWHUV ZKLFK ZHUH VHW HLWKHU

WR GHIDXOW YDOXHV RU WR YDOXHV VXSSOLHG E\ WKH XVHU LQ

LQSXW PHVVDJHV� 7KH FRQWHQWV RI WKH 8VHU 6HWWLQJV

2XWSXW 0HVVDJH DUH GHVFULEHG LQ 7DEOH �����

Message ID: 1012

Rate: Variable

Message Length: 22 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6-7 Set Time (Note 1) UDI 10 msec ticks 0 to 2147483647

8 Sequence Number (Note 2) I 0 to 32767

Operational Status (9.0-9.15)

9.0 Power Management Enabled Bit 1 = enabled

9.1 Cold Start Disabled Bit 1 = disabled

9.2 DGPS Disabled Bit 1 = disabled

9.3 Held Altitude Disabled Bit 1 = disabled

9.4 Ground Track Smoothing Disabled Bit 1 = disabled

9.5 Position Pinning Disabled Bit 1 = disabled

9.6 Low Quality Measurement Disabled (Note 3) Bit 1 = disabled

9.7 Jamming Detection Enabled Bit 1 = enabled

9.8 Active Antenna Bit 1 = active
0 = passive

9.9-9.15 CNo Threshold dBHz 0 to 50

10 Cold Start Time-Out UI seconds 0 to 32767

11 DGPS Correction Time-Out UI seconds 0 to 32767

12 Elevation Mask I radians 0 to ±π/2 10-3

SELECTED CANDIDATES:

13.0-14.15 Selected Candidate (Note 4) Bit 1 = included
candidate

SOLUTION VALIDITY CRITERIA (15-20)

15.0 Attitude Not Used Bit 1 = required

15.1 Differential GPS Bit 1 = required

15.2 DR Measurement Bit 1 = required

15.3 GPS Calibration Bit 1 = required

15.4 GPS Only Bit 1 = required

155-15.15 Reserved

16 Number of Satellites in Track Required UI 0 to 12

Table 5-12. Message 1012: User-Settings Output Message (1 of 2)
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Table 5-12. Message 1012: User Settings Output Message (2 of 2)

Word No.: Name: Type: Units: Range: Resolution:

17-18 Minimum Expected Horizontal Error UDI meters 0 to 1000 10-2

19-20 Minimum Expected Vertical Error UDI meters 0 to 1000 10-2

21 Application Platform UI 0 = default
1 = static
2 = pedestrian
3 = marine

(lakes)
4 = marine

(sea level)
5 = land (auto)
6 = air

22 Data Checksum

Note 1:

Set time is an internal 10 millisecond (T10) count since power-on initialization enabled the processor interrupts. It is not used to derive GPS time, but only
serves to provide a sequence of events knowledge. The set time or T10 count references the receiver’s internal time at which the message was created
for output. The T10 range is approximately 71 weeks.

Note 2:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
output.

Note 3:

When this bit is set, the receiver will only use “perfect” measurements (i.e., measurements without any errors in tracking status or data). If the bit is not
set, the system uses measurements that, while not perfect, are still good enough to use under SPS conditions.

Note 4:

The selected candidate list is a 32-bit flag, each bit representing candidate selection status for one satellite (i.e., bit 0 = SV1 status, bit 1 = SV2 status...bit
31 = SV32 status).
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������� %XLOW�,Q 7HVW �%,7� 5HVXOWV �0HVVDJH ������

7KLV PHVVDJH SURYLGHV GHWDLOHG WHVW UHVXOWV RI WKH ODVW

%,7 FRPPDQGHG VLQFH SRZHU�XS� ,W LV RXWSXW

DXWRPDWLFDOO\ DIWHU WKH FRPSOHWLRQ RI D FRPPDQGHG

%,7� EXW PD\ DOVR EH TXHULHG PDQXDOO\ DV QHHGHG� 1RQ�

]HUR GHYLFH IDLOXUH VWDWXV LQGLFDWHV IDLOXUH� 7KH FRQWHQWV

RI WKH %XLOW�,Q 7HVW �%,7� 5HVXOWV 0HVVDJH DUH

GHVFULEHG LQ 7DEOH �����

Message ID: 1100

Rate: Variable

Message Length: 20 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6-7 Set Time (Note 1) UDI 10 msec ticks 0 to 4294967295

8 Sequence Number (Note 2) I 0 to 32767

9 ROM Failure (Note 3) UI

10 RAM Failure (Note 3) UI

11 EEPROM Failure (Note 3) UI

12 Dual Port RAM Failure (Note 3) UI

13 Digital Signal Processor (DSP) Failure (Note 3) UI

14 Real-Time Clock (RTC) Failure (Note 3) UI

15 Serial Port 1 Receive Error Count UI 0 to 65535

16 Serial Port 2 Receive Error Count UI 0 to 65535

17 Serial Port 1 Receive Byte Count UI 0 to 65535

18 Serial Port 2 Receive Byte Count UI 0 to 65535

19 Software Version UI 0.00 to 655.35 0.01

20 Data Checksum

Note 1:

Set time is an internal 10 millisecond (T10) count since power-on initialization enabled the processor interrupts. It is not used to derive GPS time, but only
serves to provide a sequence of events knowledge. The set time or T10 count references the receiver’s internal time at which the message was created
for output. The T10 range is approximately 71 weeks.

Note 2:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
output.

Note 3:

A value of zero indicates a test has passed. A non-zero value indicates a device failure. Missing devices will be reported as failures. Therefore, the
OEM’s BIT pass/fail should ignore words for components that are not in the system under test.

Note that the Dual Port RAM Failure test is currently not implemented. Therefore, word 12 will report a value of zero.

Table 5-13. Message 1100: Built-In Test Results Message
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�������� 87& 7LPH 0DUN 3XOVH 2XWSXW �0HVVDJH

������ 7KLV PHVVDJH SURYLGHV WKH 87& VHFRQGV LQWR

ZHHN DVVRFLDWHG ZLWK WKH 87& V\QFKURQL]HG 7LPH

0DUN SXOVH� 7KLV PHVVDJH LV RXWSXW DSSUR[LPDWHO\ ���

PLOOLVHFRQGV EHIRUH WKH 7LPH 0DUN SXOVH VWUREH VLJQDO�

7KH FRQWHQWV RI WKH 87& 7LPH 0DUN 3XOVH 2XWSXW

0HVVDJH DUH GHVFULEHG LQ 7DEOH �����

Message ID: 1108

Rate: 1 Hz

Message Length: 20 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6-7 Set Time (Note 1) UDI 10 msec ticks 0 to 4294967295

8 Sequence Number (Note 2) I 0 to 32767

UTC TIME

9-13 Reserved

14-15 UTC Seconds Of Week UDI seconds 0 to 604799 1 second

16 GPS to UTC Time Offset (integer part) I seconds -32768 to
+32767

1 second

17-18 GPS to UTC Time Offset (fractional part) UDI nanoseconds 0 to 999999999 1 nanosecond

UTC TIME VALIDITY (19.0-19.15)

19.0 Time Mark Validity Bit 1 = true

19.1 GPS/UTC Sync Bit 0 = GPS
1 = UTC

19.2-19.15 Reserved

20 Data Checksum

Note 1:

Set time is an internal 10 millisecond (T10) count since power-on initialization enabled the processor interrupts. It is not used to derive GPS time, but only
serves to provide a sequence of events knowledge. The set time or T10 count references the receiver’s internal time at which the message was created
for output. The T10 range is approximately 71 weeks.

Note 2:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
output.

Table 5-14. Message 1108: UTC Time Mark Pulse Output Message
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�������� )UHTXHQF\ 6WDQGDUG 3DUDPHWHUV ,Q 8VH

�0HVVDJH ������ 7KLV PHVVDJH RXWSXWV WKH SDUDPHWHUV

XVHG WR VXSSRUW WKH UHFHLYHU·V XQFRPSHQVDWHG FU\VWDO

RVFLOODWRU� 7KH FRQWHQWV RI WKH )UHTXHQF\ 6WDQGDUG

3DUDPHWHUV ,Q 8VH 0HVVDJH DUH GHVFULEHG LQ 7DEOH �����

016'� /GUUCIG ���� KU RTKOCTKN[ WUGF VQ QWVRWV

MG[ RCTCOGVGTU VQ )25 U[UVGOU YKVJQWV PQP�

XQNCVKNG UVQTCIG� 6JKU KU YJ[ VJG HQTOCV QH KPRWV

OGUUCIG ���� KU GZCEVN[ VJG UCOG �� VJG QWVRWV

OGUUCIG KU WUGF VQ ECRVWTG FCVC� YJKNG VJG KPRWV

OGUUCIG KU WUGF VQ TGUVQTG FCVC�

Message ID: 1110

Rate: Variable

Message Length: 22 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6-7 Set Time (Note 1) UDI 10 msec ticks 0 to 4294967295

8 Sequence Number (Note 2) I 0 to 32767

9 Frequency Standard Issue Number (Note 3) UI 0 to 65535

TEMPERATURE CHARACTERISTIC:

10 C0 (Aging and Calibration Offset) (Note 4) I sec/sec 0 to ±2-14 2-29

11 C1 (Linear Term) (Note 4) I sec/sec/°C 0 to ±2-20 2-35

12 C2 (Second Order Term) (Note 4) I sec/sec/(°C)2 0 to ±2-26 2-41

13 C3 (Third Order Term) (Note 4) I sec/sec/(°C)3 0 to ±2-32 2-47

14 TINF (Inflection Point) (Note 4) I °C 0 to ±100 0.01

TEMPERATURE DYNAMICS:

15 D0  (Note 5) I

16 D1  (Note 5) I

TEMPERATURE SENSOR CALIBRATION:

17 TREF (Calibration ReferenceTemperature) (Note 6) I °C 0 to ±100 0.01

18 T0 (Temperature Sensor Reading at TREF) (Note 6) UI counts 0 to 65535 1

19 S0 (Temperature Sensor Scale Factor) (Note 6) I °C/count 0 to ±2-3 2-18

Table 5-15. Message 1110: Frequency Standard Parameters In Use Message (1 of 2)
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Table 5-15. Message 1110: Frequency Standard Input Parameters In Use Message (2 of 2)

Word No.: Name: Type: Units: Range: Resolution:

UNCERTAINTY COEFFICIENTS:

20 U0  (Note 7) I sec/sec 0 to ±2-14 2-29

21 U1  (Note 7) I sec/sec/°C 0 to ±2-20 2-35

22 Data Checksum

Note 1:

Set time is an internal 10 millisecond (T10) count since power-on initialization enabled the processor interrupts. It is not used to derive GPS time, but only
serves to provide a sequence of events knowledge. The set time or T10 count references the receiver’s internal time at which the message was created
for output. The T10 range is approximately 71 weeks.

Note 2:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
output.

Note 3:

Unique identification of each update. This allows a different set of data to be in use while newer data are only stored to EEPROM. The issue number is
preserved from run to run if non-volatile storage is available.

Note 4:

Defines a cubic in (T – TINF). Over a range of TINF±65 degrees C, each term can produce from 0.002 to 60 ppm,approximately.

Note 5:

Unused.

Note 6:

These parameters define the temperature sensor scaling according to the equation:

T = TREF + (TFILT – T0)S0

Note 7:

Defines a linear equation in (T – TINF). Over a range of TINF ±65°C, each term can produce from 0.002 to 60 ppm, approximately.
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�������� 3RZHU 0DQDJHPHQW 'XW\ &\FOH ,Q 8VH

�0HVVDJH ������ 7KLV PHVVDJH FRQWUROV WKH XVH RI

SRZHU PDQDJHPHQW LQ WKH UHFHLYHU� 7KH FRQWHQWV RI WKH

3RZHU 0DQDJHPHQW 'XW\ &\FOH ,Q 8VH 0HVVDJH DUH

GHVFULEHG LQ 7DEOH �����

Message ID: 1117

Rate: Variable

Message Length: 10 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6-7 Set Time (Note 1) UDI 10 msec ticks 0 to 4294967295

8 Sequence Number (Note 2) I 0 to 32767

9 Power Management On Duty Cycle (Note 3) I seconds 0 = off
1-4 = on

10 Data Checksum

Note 1:

Set time is an internal 10 millisecond (T10) count since power-on initialization enabled the processor interrupts. It is not used to derive GPS time, but only
serves to provide a sequence of events knowledge. The set time or T10 count references the receiver’s internal time at which the message was created
for output. The T10 range is approximately 71 weeks.

Note 2:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
output.

Note 3:

In power management mode, the RF power may be switched off to reduce power consumption. The digital circuitry may be gated off and the processor
idled when not needed. This field gives the Measurement Engine permission to turn off the RF for the minimum off time in seconds.

Table 5-16. Message 1117: Power Management Duty Cycle In Use Message
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�������� 6HULDO 3RUW &RPPXQLFDWLRQ 3DUDPHWHUV ,Q

8VH �0HVVDJH ������ 7KLV PHVVDJH FRQWDLQV WKH

FRPPXQLFDWLRQ SDUDPHWHUV IRU WKH UHFHLYHU·V WZR VHULDO

SRUWV� 7KH FRQWHQWV RI WKH 6HULDO 3RUW &RPPXQLFDWLRQ

3DUDPHWHUV ,Q 8VH 0HVVDJH DUH GHVFULEHG LQ 7DEOH �����

Message ID: 1130

Rate: Variable

Message Length: 21 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6-7 Set Time (Note 1) UDI 10 msec ticks 0 to 4294967295

8 Sequence Number (Note 2) I 0 to 32767

Port 1 Communication Parameters (9.0-11)

9 Port 1 Character Width Bit 0 = 7 bits
1 = 8 bits

10 Port 1 Stop BIts Bit 0 = 1
1 = 2

11 Port 1 Parity Bit 0 = no parity
1 = odd parity
2 = even parity

12 Port 1 bps Rate (Note 3) Bit 0 = custom
1 = 300
2 = 600
3 = 1200
4 = 2400
5 = 4800
6 = 9600
7 = 19200
8 = 38400
9 = 57600
10 = 76800
11 = 115200

13 Port 1 Pre-Scale (Note 3) UI 0 to 255

14 Port 1 Post-Scale (Note 3) UI 0 to 7

Table 5-17. Message 1130: Serial Port Communication Parameters In Use Message (1 of 2)
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Table 5-17. Message 1130: Serial Port Communication Parameters In Use Message (2 of 2)

Word No.: Name: Type: Units: Range: Resolution:

Port 2 Communication Parameters (12.0-14)

15 Port 2 Character Width Bit 0 = 7 bits
1 = 8 bits

16 Port 2 Stop BIts Bit 0 = 1
1 = 2

17 Port 2 Parity Bit 0 = no parity
1 = odd parity
2 = even parity

18 Port 2 bps Rate (Note 3) Bit 0 = custom
1 = 300
2 = 600
3 = 1200
4 = 2400
5 = 4800
6 = 9600
7 = 19200
8 = 38400
9 = 57600
10 = 76800
11 = 115200

19 Port 2 Pre-Scale (Note 3) UI 0 to 255

20 Port 2 Post-Scale (Note 3) UI 0 to 7

21 Data Checksum

Note 1:

Set time is an internal 10 millisecond (T10) count since power-on initialization enabled the processor interrupts. It is not used to derive GPS time, but only
serves to provide a sequence of events knowledge. The set time or T10 count references the receiver’s internal time at which the message was created
for output. The T10 range is approximately 71 weeks.

Note 2:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
output.

Note 3:

When a custom bits-per-second (bps) rate is selected, the bps rate is equal to:

CPU clock / (16 x pre-scale x 2
post-scale 

)
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�������� ((3520 8SGDWH �0HVVDJH ������7KLV

PHVVDJH SURYLGHV G\QDPLF VWDWXV QRWLILFDWLRQ IRU

((3520 ZULWHV� ,W FRQWDLQV WKH GDWD EORFN ,' IRU WKH

ODVW VHW RI GDWD ZKLFK ZDV ZULWWHQ WR ((3520� 7KLV

PHVVDJH LV PRVW XVHIXO ZKHQ FRQILJXUHG IRU RXWSXW RQ

XSGDWH �WKH GHIDXOW�� DV LW ZLOO SURYLGH D QRWLILFDWLRQ RI

DOO VWRUHG FRQILJXUDWLRQ FKDQJHV DV WKH\ RFFXU� 7KH

FRQWHQWV RI WKH ((3520 8SGDWH 0HVVDJH DUH

GHVFULEHG LQ 7DEOH �����

Message ID: 1135

Rate: Variable; default on update

Message Length: 10 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6-7 Set Time (Note 1) UDI 10 msec ticks 0 to 4294967295

8 Sequence Number (Note 2) I 0 to 32767

9.0-9.7 Data ID (Note 3) Bit 0 to 27

9.8-9.15 Satellite PRN (Note 4) Bit 0 to 32

10 Data Checksum

Note 1:

Set time is an internal 10 millisecond (T10) count since power-on initialization enabled the processor interrupts. It is not used to derive GPS time, but only
serves to provide a sequence of events knowledge. The set time or T10 count references the receiver’s internal time at which the message was created
for output. The T10 range is approximately 71 weeks.

Note 2:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
output.

Note 3:

0 = Status 14 = Antenna selection
1 = Position 15 = User entered altitude
2 = UTC/Iono 16 = DGPS control
3 = Frequency standard cubic parameters 17 = Host port protocol selection
4 = Host port communication configuration 18 = Auxiliary port protocol selection
5 = Auxiliary port communication configuration 19 = Host port enabled messages
6 = Memory options 20 = Reserved (auxiliary port enabled messages)
7 = Solution validity criteria 21 = User datums
8 = Power management selections 22 = Frequency/temperature table
9 = Selected datum 23 = Almanac
10 = Platform class 24 = Frequency standard calibration data
11 = Cold start control 25 = Nav configuration data
12 = Elevation mask angle 26 = DR navigation parameters
13 = Satellite candidate list 27 = Gyro temperature table

Note 4:

This field is only valid when the Data ID = 23 (Almanac).

Table 5-18. Message 1135: EEPROM Update Message
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�������� ((3520 6WDWXV �0HVVDJH ������7KLV

PHVVDJH SURYLGHV IDLOXUH DQG VWRUDJH VWDWXV LQIRUPDWLRQ

IRU WKH ((3520� %LWV VHW LQ WKH IDLOXUH ZRUGV

UHSUHVHQW ZULWH IDLOXUHV GXULQJ DWWHPSWV WR XSGDWH WKH

FRUUHVSRQGLQJ EORFNV RI GDWD� %LWV VHW LQ WKH VWDWXV

ZRUGV LQGLFDWH WKDW WKRVH GDWD EORFNV KDYH EHHQ

XSGDWHG DW OHDVW RQFH LQ WKH ((3520� 7KH FRQWHQWV RI

WKH ((3520 6WDWXV 0HVVDJH DUH GHVFULEHG LQ

7DEOH �����

Table 5-19. Message 1136: EEPROM Status Message

Message ID: 1136

Rate: Variable

Message Length: 18 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6-7 Set Time (Note 1) UDI 10 msec ticks 0 to 4294967295

8 Sequence Number (Note 2) I 0 to 32767

9.0 Device Not Present Bit 1 = not present

9.1-9.15 Reserved

10-11 Almanac Failure (Note3) Bit

12-13 Failure (Note 4) Bit 0 to 31

14-15 Almanac Status (Note 3) Bit

16-17 Status (Note 4) Bit 0 to 31

18 Data Checksum

Note 1:

Set time is an internal 10 millisecond (T10) count since power-on initialization enabled the processor interrupts. It is not used to derive GPS time, but only
serves to provide a sequence of events knowledge. The set time or T10 count references the receiver’s internal time at which the message was created
for output. The T10 range is approximately 71 weeks.

Note 2:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
output.

Note 3:

The Almanac Failure and Almanac Status words are 32-bit bit maps where the LSB = PRN 1 and the MSB = PRN 32.

Note 4:

The Failure and Status words are bit maps with values as follows:

0 = Status 16 = DGPS control
1 = Position 17 = Host port protocol selection
2 = UTC/Iono 18 = Auxiliary port protocol selection
3 = Frequency standard cubic parameters 19 = Host port enabled messages
4 = Host port communication configuration 20 = Reserved (auxiliary port enabled messages)
5 = Auxiliary port communication configuration 21 = User datums
6 = Memory options 22 = Frequency/temperature table
7 = Solution validity criteria 23 = Reserved
8 = Power management selections 24 = Frequency standard calibration data
9 = Selected datum 25 = Nav configuration data
10 = Platform class 26 = DR navigation parameters
11 = Cold start control 27 = Gyro temperature table
12 = Elevation mask angle 28 = Reserved
13 = Satellite candidate list 29 = Reserved
14 = Antenna selection 30 = Reserved
15 = User entered altitude 31 = Data is being updated
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�������� )UHTXHQF\ 6WDQGDUG 7DEOH 2XWSXW 'DWD

�0HVVDJH ������ 7KLV PHVVDJH FRQWDLQV SDUDPHWHUV

DQG WDEOH GDWD XVHG LQ WKH UHFHLYHU·V IUHTXHQF\ VWDQGDUG

FRPSHQVDWLRQ PRGHO� ,W LV LQWHQGHG WKDW WKLV PHVVDJH

ZLOO EH XVHG LQ FRQMXQFWLRQ ZLWK PHVVDJH ���� WR

UHWULHYH DQG UHVWRUH WKLV LQIRUPDWLRQ IRU H[WHUQDO

VWRUDJH� 7KH FRQWHQWV RI WKH )UHTXHQF\ 6WDQGDUG 7DEOH

2XWSXW 'DWD 0HVVDJH DUH GHVFULEHG LQ 7DEOH �����

Message ID: 1160

Rate: Variable

Message Length: 270 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6-7 Set Time (Note 1) UDI 10 msec ticks 0 to 4294967295

8 Sequence Number (Note 2) I 0 to 32767

9 Table Frequency Offset (Note 3) I ppm 0 to ±51 0.15

10.0 Table Frequency Offset Valid (Note 4) Bit 1 = valid

10.1-10.15 Reserved

11 Offset Error Estimate (Note 5) I ppm 0 to ±51 0.002

12 Aging Rate Estimate (Note 6) I ppm/yr 0 to ±5 0.0002

13 Last Rate Update Week (Note 7) I weeks 0 to 32767 1

14-269 Frequency Standard Table (Note 8):
LSB
MSB

I
weeks
ppm

0 to 1023
0 to ±19.05

4
0.15

270 Data Checksum

Table 5-20. Message 1160: Frequency Standard Table Output Data Message (1 of 2)
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Note 1:

Set time is an internal 10 millisecond (T10) count since power-on initialization enabled the processor interrupts. It is not used to derive GPS time, but only
serves to provide a sequence of events knowledge. The set time or T10 count references the receiver’s internal time at which the message was created
for output. The T10 range is approximately 71 weeks.

Note 2:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
output.

Note 3:

Each value of frequency error in the table shares this common offset value.

Note 4:

Flag to indicate that the offset has been established.

Note 5:

Filtered estimate of accumulated error in the table offset value.

Note 6:

Filtered estimate of the current aging rate.

Note 7:

Whole week number of the last update of the aging rate.

Note 8:

LSB = the approximate time of last table entry update. MSB = the frequency error at each table temperature, less the table offset.

Table 5-20. Message 1160: Frequency Standard Table Output Data Message (2 of 2)
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�������� %RRW 6WDWXV �0HVVDJH ������ 7KLV PHVVDJH LV

RXWSXW LQ WKH -XSLWHU )ODVK ERDUG UHFHLYHU RQO\ DW VWDUW�

XS WR FRQWURO WKH IODVK GRZQORDG SURFHVV DQG WR UHSRUW

WKH UHVXOWV RI WKH IODVK 520 FKHFNVXP YDOLGDWLRQ WHVW�

7KH FRQWHQWV RI WKH %RRW 6WDWXV 0HVVDJH DUH GHVFULEHG

LQ 7DEOH �����

Table 5-21. Message 1180: Boot Status Message

Message ID: 1180

Rate: As required

Message Length: 7 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6 Boot Status (Note 1) IU short

7 Data Checksum

Note 1:

0: Checksum = Pass
1: Checksum = Fail
2: Copying Header
3: Waiting for a Command
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�������� (UURU�6WDWXV �0HVVDJH ������ 7KLV PHVVDJH

SURYLGHV GLDJQRVWLF LQIRUPDWLRQ LI WKH UHFHLYHU

HQFRXQWHUV DQ HUURU GXULQJ H[HFXWLRQ RI LWV ILUPZDUH�

7KH FRQWHQWV RI WKH (UURU�6WDWXV 0HVVDJH DUH

GHVFULEHG LQ 7DEOH �����

Table 5-22. Message 1190: Error/Status Message

Message ID: 1190

Rate: Variable

Message Length: 13 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6-7 Set Time (Note 1) UDI 10 msec ticks 0 to 4294967295

8 Sequence Number (Note 2) I 0 to 32767

9 Class (Note 3) UI 0 to 5

10 Number I

11 Code Environment (CENV) UI

12 Program Counter (PC) UI

13 Data Checksum

Note 1:

Set time is an internal 10 millisecond (T10) count since power-on initialization enabled the processor interrupts. It is not used to derive GPS time, but only
serves to provide a sequence of events knowledge. The set time or T10 count references the receiver’s internal time at which the message was created
for output. The T10 range is approximately 71 weeks.

Note 2:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
output.

Note 3:

0 = User mode exception
1 = Exec mode exception
2 = Trap
3 = Executive error
4 = Executive Service Routine error
5 = User error
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����� %LQDU\ ,QSXW 0HVVDJH 'HVFULSWLRQV� 7KLV

VHFWLRQ SURYLGHV GHWDLOV IRU HDFK RI WKH LQSXW ELQDU\

PHVVDJHV�

������� *HRGHWLF 3RVLWLRQ DQG 9HORFLW\ ,QLWLDOL]DWLRQ

�0HVVDJH ������ 7KLV PHVVDJH DOORZV WKH XVHU WR

LQLWLDOL]H WKH UHFHLYHU ZLWK WKH VSHFLILHG JHRGHWLF

SRVLWLRQ� JURXQG VSHHG� FRXUVH RYHU JURXQG� DQG FOLPE

UDWH� 7KH FRXUVH PD\ EH HLWKHU WUXH RU PDJQHWLF� DV

LQGLFDWHG E\ WKH 0DJQHWLF &RXUVH ILHOG�

7KH *36�87& WLPH UHSUHVHQWV WKH WLPH DW ZKLFK WKH

VROXWLRQ ZDV FRPSXWHG DQG� LI SUHVHQW� ZLOO EH XVHG WR

SURSDJDWH WKH VROXWLRQ WR WKH FXUUHQW WLPH� 7KH

FRQWHQWV RI WKH *HRGHWLF 3RVLWLRQ DQG 9HORFLW\

,QLWLDOL]DWLRQ 0HVVDJH DUH GHVFULEHG LQ 7DEOH �����

Table 5-23. Message 1200: Geodetic Position and Velocity Initialization Message (1 of 2)

Message ID: 1200

Rate: As required - maximum rate is 1 Hz

Message Length: 27 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6 Sequence Number (Note 1) I 0 to 32767

Initialization Control (7.0-7.15)

7.0 Force Time Bit 0 = normal
1 = forced

7.1 GPS Time Valid Bit 1 = valid

7.2 UTC Time Valid Bit 1 = valid

7.3 Lat/Lon Valid Bit 1 = valid

7.4 Altitude Valid Bit 1 = valid

7.5 Speed/Course Valid Bit 1 = valid

7.6 Magnetic Course Bit 1 = magnetic

7.7 Climb Rate Valid Bit 1 = valid

7.8-7.15 Reserved

8 GPS Week Number UI weeks 0 to 32767

9-10 GPS Seconds Into Week UDI seconds 0 to 604799

11 UTC Day UI days 1 to 31
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Table 5-23. Message 1200: Geodetic Position and Velocity Initialization Message (2 of 2)

Word No.: Name: Type: Units: Range: Resolution:

12 UTC Month UI months 1 to 12

13 UTC Year UI year 1980 to 2079

14 UTC Hours UI hours 0 to 23

15 UTC Minutes UI minutes 0 to 59

16 UTC Seconds UI seconds 0 to 59

17-18 Latitude DI radians ±0 to π/2 10-9

19-20 Longitude DI radians ±0 to π 10-9

21-22 Altitude DI meters ±0 to 50000 10-2

23-24 Ground Speed UI meters/sec 0 to 1000 10-2

25 Course UI radians 0 to 2π 10-3

26 Climb Rate I meters/sec ±300 10-2

27 Data Checksum

Note 1:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
input.
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������� 8VHU�'HILQHG 'DWXP 'HILQLWLRQ �0HVVDJH

������ 7KLV PHVVDJH DOORZV WKH XVHU WR GHILQH D GDWXP

WR EH XVHG E\ WKH UHFHLYHU WR WUDQVIRUP LWV SRVLWLRQ

VROXWLRQ� 8S WR ILYH XVHU�GHILQHG GDWXPV PD\ EH VWRUHG�

6WRUDJH RI WKHVH SDUDPHWHUV UHTXLUHV ((3520� 7KH

FRQWHQWV RI WKH 8VHU�'HILQHG 'DWXP 'HILQLWLRQ

0HVVDJH DUH GHVFULEHG LQ 7DEOH �����

1RWH WKDW GDWXP GHILQLWLRQ GRHV QRW LPSO\ GDWXP XVH�

0HVVDJH ���� LV XVHG WR VSHFLI\ WKH ´'DWXP ,Q 8VHµ

IRU WKH QDYLJDWLRQ IXQFWLRQ� $OVR� DQ\ 0HVVDJH ����

WKDW FRQWDLQV DQ XQGHILQHG GDWXP FRGH LV LJQRUHG�

Table 5-24. Message 1210: User-Defined Datum Definition Message

Message ID: 1210

Rate: As required - maximum rate is 1 Hz

Message Length: 20 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6 Sequence Number (Note 1) I 0 to 32767

7 User Datum ID UI 300-304

8-9 Semi-Major Axis - Integer Part UDI meters 6300000 to
6400000

10 Semi-Major Axis - Fractional Part UI meters 0 to 9999 10-4

11 Inverse Flattening - Integer Part UI 280 to 320

12-13 Inverse Flattening - Fractional Part UDI 0 to 999999999 10-9

14-15 WGS-84 Datum Offset - dX DI meters 0 to ±9000000 10-2

16-17 WGS-84 Datum Offset - dY DI meters 0 to ±9000000 10-2

18-19 WGS-84 Datum Offset - dZ DI meters 0 to ±9000000 10-2

20 Data Checksum

Note 1:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
input.
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������� 0DS 'DWXP 6HOHFW �0HVVDJH ������ 7KLV

PHVVDJH DOORZV WKH XVHU WR VHOHFW D GDWXP WR EH XVHG E\

WKH UHFHLYHU WR WUDQVIRUP LWV SRVLWLRQ VROXWLRQ� 7KH

FRQWHQWV RI WKH 0DS 'DWXP 6HOHFW 0HVVDJH DUH

GHVFULEHG LQ 7DEOH �����

Table 5-25. Message 1211: Map Datum Select Message

Message ID: 1211

Rate: As required - maximum rate 1 Hz

Message Length: 8 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6 Sequence Number (Note 1) I 0 to 32767

7 Datum ID (Note 2) UI 0 to 188 and 300
to 304

8 Data Checksum

Note 1:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
input.

Note 2:

The table in Appendix B contains map datum codes from 0 to 188. Codes 300 to 304 are user-defined.
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3DJH ���� &RQH[DQW 6\VWHPV� ,QF ����

������� 6DWHOOLWH (OHYDWLRQ 0DVN &RQWURO �0HVVDJH

������ 7KLV PHVVDJH DOORZV WKH XVHU WR VHW WKH HOHYDWLRQ

PDVN DQJOH XVHG E\ WKH UHFHLYHU WR VHOHFW YLVLEOH

VDWHOOLWHV� 6WRUDJH RI WKH (OHYDWLRQ 0DVN $QJOH

SDUDPHWHU UHTXLUHV ((3520� 7KH FRQWHQWV RI WKH

6DWHOOLWH (OHYDWLRQ 0DVN &RQWURO 0HVVDJH DUH GHVFULEHG

LQ 7DEOH �����

Message ID: 1212

Rate: As required - maximum rate 1 Hz

Message Length: 8 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6 Sequence Number (Note 1) I 0 to 32767

7 Elevation Mask Angle UI Radians 0 to ±π/2 10-3

8 Data Checksum

Note 1:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
input.

Table 5-26. Message 1212: Satellite Elevation Mask Control Message
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���� &RQH[DQW 6\VWHPV� ,QF� 3DJH ����

������� 6DWHOOLWH &DQGLGDWH 6HOHFW �0HVVDJH ������

7KLV PHVVDJH DOORZV WKH XVHU WR FRQVWUXFW WKH OLVW RI

VDWHOOLWHV ZKLFK ZLOO EH FRQVLGHUHG IRU VHOHFWLRQ E\ WKH

UHFHLYHU� 7KH FRQWHQWV RI WKH 6DWHOOLWH &DQGLGDWH 6HOHFW

0HVVDJH DUH GHVFULEHG LQ 7DEOH �����

Table 5-27. Message 1213: Satellite Candidate Select Message

Message ID: 1213

Rate: As required - maximum rate 1 Hz

Message Length: 10 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6 Sequence Number (Note 1) I 0 to 32767

7.0 Satellite PRN #1 Bit 1 = included

•

•

•

7.15 Satellite PRN #16 Bit 1 = included

8.0 Satellite PRN #17 Bit 1 = included

•

•

•

8.15 Satellite PRN #32 Bit 1 = included

9.0 Non-Volatile Storage Select Bit 1 = store in
non-volatile
memory

9.1-9.15 Reserved

10 Data Checksum

Note 1:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
input.
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3DJH ���� &RQH[DQW 6\VWHPV� ,QF ����

������� 'LIIHUHQWLDO *36 &RQWURO �0HVVDJH ������

7KLV PHVVDJH DOORZV WKH XVHU WR FRQWURO WKH EHKDYLRU RI

WKH UHFHLYHU·V GLIIHUHQWLDO FDSDELOLW\� 6WRUDJH RI WKLV

PHVVDJH·V SDUDPHWHUV UHTXLUHV ((3520� 7KH FRQWHQWV

RI WKH 'LIIHUHQWLDO *36 &RQWURO 0HVVDJH DUH GHVFULEHG

LQ 7DEOH �����

Table 5-28. Message 1214: Differential GPS Control Message

Message ID: 1214

Rate: As required - maximum rate 1 Hz

Message Length: 9 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6 Sequence Number (Note 1) I 0 to 32767

7.0 DGPS Disable Bit 1 = disable

7.1 Correction Data Base Reset Bit 1 = reset

7.2-7.15 Reserved

8 Correction Time-Out UI 0 to 32767

9 Data Checksum

Note 1:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
input.
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���� &RQH[DQW 6\VWHPV� ,QF� 3DJH ����

������� &ROG 6WDUW &RQWURO �0HVVDJH ������ 7KLV

PHVVDJH DOORZV WKH XVHU WR GLVDEOH WKH &ROG 6WDUW

DFTXLVLWLRQ PRGH RI WKH UHFHLYHU� :KHQ &ROG 6WDUW LV

HQDEOHG DW SRZHU�RQ� WKH &ROG 6WDUW WLPHU LV VHW WR �� ,I

D VDWHOOLWH LV QRW DFTXLUHG EHIRUH WKH &ROG 6WDUW WLPH�RXW

LV H[FHHGHG� WKH &ROG 6WDUW DFTXLVLWLRQ PRGH VWDUWV� ,I D

VDWHOOLWH LV DFTXLUHG� WKH &ROG 6WDUW WLPHU LV UHVHW WR ��

WKH UHFHLYHU LV UH�SRVLWLRQHG XQGHU WKH VDWHOOLWH� DQG WKH

VHDUFK FRQWLQXHV XQWLO HLWKHU WKH UHFHLYHU QDYLJDWHV RU

WKH WLPHU LV H[FHHGHG�

&ROG 6WDUW DFTXLVLWLRQ PRGH GRHV QRW XVH WKH LQLWLDO

FRQGLWLRQV RI SRVLWLRQ� WLPH� DQG DOPDQDF� 7KLV FDXVHV

WKH UHFHLYHU WR ORRN DW D ZLGHU UDQJH RI IUHTXHQFLHV DQG

VDWHOOLWHV� 7KH GHIDXOW &ROG 6WDUW WLPHU LV � PLQXWHV�

1RUPDO RSHUDWLRQ LV WR OHDYH FROG VWDUW HQDEOHG�

+RZHYHU� LQ FHUWDLQ HQFORVHG VLWXDWLRQV �H�J�� SDUNLQJ

JDUDJHV� KRXVHV� RIILFH EXLOGLQJV� HWF��� IDVWHU

DFTXLVLWLRQV PD\ EH DFKLHYHG ZLWK FROG VWDUW GLVDEOHG�

6WRUDJH RI WKH &ROG 6WDUW 'LVDEOH SDUDPHWHU UHTXLUHV

((3520� 7KH FRQWHQWV RI WKH &ROG 6WDUW &RQWURO

0HVVDJH DUH GHVFULEHG LQ 7DEOH �����

Message ID: 1216

Rate: As required - maximum rate 1 Hz

Message Length: 9 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6 Reserved (Sequence Number) I 0 to 32767

7.0 Cold Start Disable Bit 1 = disable

7.1-7.15 Reserved

8 Cold Start Time-Out UI sec 0 to 32767

9 Data Checksum

Note 1:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
input.

Table 5-29. Message 1216: Cold Start Control Message



� 6HULDO 'DWD ,�2 ,QWHUIDFH =RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH

3DJH ���� &RQH[DQW 6\VWHPV� ,QF ����

������� 6ROXWLRQ 9DOLGLW\ ,QSXW �0HVVDJH ������7KH

UHFHLYHU ZLOO DOZD\V RXWSXW WKH EHVW SRVLWLRQ VROXWLRQ LW

FDQ DWWDLQ� GHSHQGLQJ RQ WKH QXPEHU DQG TXDOLW\ RI

DYDLODEOH PHDVXUHPHQWV� 7KH 6ROXWLRQ 9DOLGLW\ ,QSXW

0HVVDJH DOORZV WKH XVHU WR GHILQH WKH FULWHULD IRU VHWWLQJ

WKH SRVLWLRQ YDOLGLW\ VWDWXV VSHFLILHG LQ WKH SRVLWLRQ

RXWSXW PHVVDJHV� 7KH VWDWXV ZLOO EH VHW WR ¶LQYDOLG· LI DQ\

RI WKH VSHFLILHG UHTXLUHPHQWV DUH QRW PHW� 6WRUDJH RI

WKLV PHVVDJH·V SDUDPHWHUV UHTXLUHV ((3520� 7KH

FRQWHQWV RI WKH 6ROXWLRQ 9DOLGLW\ ,QSXW 0HVVDJH DUH

GHVFULEHG LQ 7DEOH �����

Message ID: 1217

Rate: As required - maximum rate is 1 Hz

Message Length: 13 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6 Sequence Number (Note 1) I 0 to 32767

7.0 Altitude Not Used Bit 1 = required

7.1 Differential GPS Bit 1 = required

7.2 DR Measurements Required (Note 2) Bit 1 = required

7.3 Concurrent GPS Calibration of DR Required (Note 3) Bit 1 = required

7.4 GPS Only Solution Required (Note 4) Bit 1 = required

7.5-7.15 Reserved

8 Minimum Number of Satellites Used UI 0 to 12

9-10 Maximum Expected Horizontal Position Error UDI meters 0 to 1000 10-2

11-12 Maximum Expected Vertical Position Error UDI meters 0 to 1000 10-2

13 Data Checksum

Note 1:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
input.

Note 2:

Must operate with DR. Standalone GPS not acceptable.

Note 3:

DR must be calibrated by concurrent GPS. Stored calibration from past sessions not acceptable.

Note 4:

DR must NOT be used, even if available.

Table 5-30. Message 1217: Solution Validity Input Message
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���� &RQH[DQW 6\VWHPV� ,QF� 3DJH ����

������� 8VHU�(QWHUHG $OWLWXGH ,QSXW �0HVVDJH

������ 7KLV PHVVDJH DOORZV WKH XVHU WR HQWHU DQ DOWLWXGH

WR EH XVHG IRU DOWLWXGH KROG GXULQJ ��' QDYLJDWLRQ� ,I

WKH )RUFH 8VH ILHOG LV QRW VHW� WKH UHFHLYHU PD\ LJQRUH

WKH DOWLWXGH LQSXW LI LW WKLQNV LW KDV D EHWWHU HVWLPDWH�

6HWWLQJ WKH &OHDU ILHOG ZLOO FOHDU RXW WKH ODVW HVWLPDWH RI

DOWLWXGH ZKLFK WKH UHFHLYHU XVHV IRU DOWLWXGH KROG�

6HWWLQJ WKH 06/ 6HOHFW ILHOG DOORZV HQWU\ RI PHDQ�VHD�

OHYHO DOWLWXGH� $ VWDQGDUG GHYLDWLRQ FDQ EH VSHFLILHG WR

LQGLFDWH WKH XQFHUWDLQW\ DVVRFLDWHG ZLWK WKH HQWHUHG

DOWLWXGH� 7KH UHFHLYHU ZLOO ZHLJKW WKH DOWLWXGH

PHDVXUHPHQW DFFRUGLQJ WR WKLV XQFHUWDLQW\� $V D VSHFLDO

FDVH� D ]HUR VWDQGDUG GHYLDWLRQ LQGLFDWHV WKDW WKH TXDOLW\

RI WKH DOWLWXGH LV QRW NQRZQ� 7KH FRQWHQWV RI WKH 8VHU�

(QWHUHG $OWLWXGH ,QSXW 0HVVDJH DUH GHVFULEHG LQ 7DEOH

�����

Table 5-31. Message 1219: User-Entered Altitude Input Message

Message ID: 1219

Rate: As required - maximum rate is 1 Hz

Message Length: 12 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6 Sequence Number (Note 1) I 0 to 32767

Altitude Input Control (7.0-7.15)

7.0 Force Use Bit 1 = force

7.1 MSL Select Bit 1 = MSL

7.2 Store (RAM) (Note 2) Bit 1 = store

7.3 Store (EEPROM) (Note 2) Bit 1 = store

7.4 Clear (RAM) Bit 1 = clear

7.5 Clear (EEPROM) Bit 1 = clear

7.6-7.15 Reserved

8-9 Altitude DI meters ±0 to 50000 10-2

10 Altitude Standard Deviation UDI meters 0 to 10000 10-2

11 Data Checksum

Note 1:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
input.

Note 2:

For an altitude sensor that is supplying data in real-time, the OEM must ensure that bits 7.2 and 7.3 are set to zero so the altitude value will not be stored
continuously in memory (RAM or EEPROM).
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3DJH ���� &RQH[DQW 6\VWHPV� ,QF ����

�������� $SSOLFDWLRQ 3ODWIRUP &RQWURO �0HVVDJH

������ 7KLV PHVVDJH DOORZV WKH XVHU WR DGMXVW WKH

UHFHLYHU·V G\QDPLFV EDVHG RQ WKH W\SH RI DSSOLFDWLRQ LQ

ZKLFK WKH UHFHLYHU LV EHLQJ XVHG� 6WRUDJH IRU WKH

3ODWIRUP SDUDPHWHU UHTXLUHV ((3520� 7KH FRQWHQWV

RI WKH $SSOLFDWLRQ 3ODWIRUP &RQWURO 0HVVDJH DUH

GHVFULEHG LQ 7DEOH �����

Table 5-32. Message 1220: Application Platform Control Message

Message ID: 1220

Rate: As required - maximum rate is 1 Hz

Message Length: 8 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6 Sequence Number (Note 1) I 0 to 32767

7 Platform UI 0 = default
1 = static
2 = pedestrian
3 = marine

(lakes)
4 = marine

(sea level)
5 = land (auto)
6 = air

8 Data Checksum

Note 1:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
input.



=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH � 6HULDO 'DWD ,�2 ,QWHUIDFH

���� &RQH[DQW 6\VWHPV� ,QF� 3DJH ����

�������� 1DY &RQILJXUDWLRQ �0HVVDJH ������ 7KLV

PHVVDJH DOORZV WKH XVHU WR FRQWURO YDULRXV IHDWXUHV LQ

WKH QDYLJDWLRQ SURFHVVLQJ� 7KH KHOG DOWLWXGH GLVDEOH ELW

FRQWUROV WKH XVH RI VWRUHG *36�EDVHG DOWLWXGH WR DLG WKH

UHFHLYHU ZKHQ WKH YHUWLFDO JHRPHWU\ GHWHULRUDWHV� 7KH

JURXQG WUDFN VPRRWKLQJ ELW FRQWUROV WKH XVH RI VDWHOOLWH

UDQJH ELDV HVWLPDWHV WR PLQLPL]H WKH SRVLWLRQ VKLIWV

UHVXOWLQJ IURP 6$ DQG FRQVWHOODWLRQ FKDQJHV� 7KH

SRVLWLRQ SLQQLQJ ELW FRQWUROV WKH XVH RI D KRUL]RQWDO

VSHHG WHVW WR SLQ WKH SRVLWLRQ UHSRUWHG E\ WKH UHFHLYHU

DQG HOLPLQDWH WKH ZDQGHU DVVRFLDWHG ZLWK 6$ ZKHQ

VWDWLF� *URXQG WUDFN VPRRWKLQJ DQG SRVLWLRQ SLQQLQJ

DUH QRW XVHG ZKHQ '*36 FRUUHFWLRQV DUH LQ XVH� 7KH

FRQWHQWV RI WKH 1DY &RQILJXUDWLRQ 0HVVDJH DUH

GHVFULEHG LQ 7DEOH �����

Table 5-33. Message 1221: Nav Configuration Message

Message ID: 1221

Rate: As required - maximum rate is 1 Hz

Message Length: 15 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6 Sequence Number (Note 1) I 0 to 32767

Nav Configuration Word (7.0-7.15)

7.0 Held Altitude Disable (default = enabled) Bit 0 = enabled
1 = disabled

7.1 Ground Track Smoothing Disable (default = enabled) Bit 0 = enabled
1 = disabled

7.2 Position Pinning Disable (default = enabled) Bit 0 = enabled
1 = disabled

7.3 Disable Low Quality Measurements (Note 2) Bit 0 = enabled
1 = disabled

7.4 Enable Jamming Detect Bit 0 = enabled
1 = disabled

7.5-7.15 Reserved (must be zeroed out) Bit 0

8-14 Reserved (must be zeroed out)

15 Data Checksum

Note 1:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
input.

Note 2:

When this bit is set, the receiver will only use “perfect” measurements (i.e., measurements without any errors in tracking status or data). If the bit is not
set, the system uses measurements that, while not perfect, are still good enough to use under SPS conditions.
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3DJH ���� &RQH[DQW 6\VWHPV� ,QF ����

�������� 3HUIRUP %XLOW�,Q 7HVW &RPPDQG �0HVVDJH

������ 7KLV PHVVDJH LQVWUXFWV WKH UHFHLYHU WR

LPPHGLDWHO\ H[HFXWH LWV %XLOW�,Q 7HVW �%,7�� 5HVXOWV RI

WKH %,7 DUH DYDLODEOH LQ WKH %XLOW�,Q 7HVW 5HVXOWV

PHVVDJH� 7KH FRQWHQWV RI WKH 3HUIRUP %XLOW�,Q 7HVW

&RPPDQG 0HVVDJH DUH GHVFULEHG LQ 7DEOH �����

Message ID: 1300

Rate: As required - maximum rate approximately 0.1 Hz

Message Length: 8 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6 Sequence Number (Note 1) I 0 to 32767

7 Reserved

8 Data Checksum

Note 1:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
input.

Table 5-34. Message 1300: Perform Built-In Test Command Message
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���� &RQH[DQW 6\VWHPV� ,QF� 3DJH ����

�������� 5HVWDUW &RPPDQG �0HVVDJH ������7KLV

PHVVDJH FRPPDQGV D IXOO UHVWDUW HDFK WLPH LW LV

UHFHLYHG� 7KH FRQWHQWV RI WKH 5HVWDUW &RPPDQG

0HVVDJH DUH GHVFULEHG LQ 7DEOH �����

Table 5-35. Message 1303: Restart Command Message

Message ID: 1303

Rate: As required - maximum rate approximately 0.2 Hz

Message Length: 8 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6 Sequence Number (Note 1) I 0 to 32767

Invalidation Control (7.0-7.15)

7.0 Invalidate RAM (Note 2) Bit 0 to 1

7.1 Invalidate EEPROM (Note 3) Bit 0 to 1

7.2 Invalidate RTC (Note 4) Bit 0 to 1

7.3-7.14 Reserved

7.15 Force Cold Start (Note 5) Bit 0 to 1

8 Data Checksum

Note 1:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
input.

Note 2:

1 = invalidate all RAM address space before restart

Note 3:

1 = invalidate all data in the EEPROM device (if present) before restart

Note 4:

1 = invalidate all data in the RTC device (if present) before restart

Note 5:

1 = Force a cold start reset by clearing RAM and ignoring, but not clearing, the stored position in EEPROM. This provides cold start testing with the valid
time. If cold start testing without time is desired, then the invalidate RTC bit (7.2) should also be set.
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3DJH ���� &RQH[DQW 6\VWHPV� ,QF ����

�������� )UHTXHQF\ 6WDQGDUG ,QSXW 3DUDPHWHUV

�0HVVDJH ������ 7KLV PHVVDJH GHILQHV WKH WHPSHUDWXUH

SRO\QRPLDO� FRHIILFLHQWV� DQG VFDOH IDFWRUV XVHG E\ WKH

UHFHLYHU·V IUHTXHQF\ VWDQGDUG FRPSHQVDWLRQ PRGHO�

7KH FRQWHQWV RI WKH )UHTXHQF\ 6WDQGDUG ,QSXW

3DUDPHWHUV 0HVVDJH DUH GHVFULEHG LQ 7DEOH �����

016'� /GUUCIG ���� KU RTKOCTKN[ WUGF VQ KPRWV MG[

RCTCOGVGTU HTQO )25 U[UVGOU YKVJQWV PQP�XQNCVKNG

UVQTCIG� 6JKU KU YJ[ VJG HQTOCV QH QWVRWV OGUUCIG

���� KU GZCEVN[ VJG UCOG� +P QVJGT YQTFU� VJG QWVRWV

OGUUCIG KU WUGF VQ ECRVWTG FCVC YJKNG VJG KPRWV

OGUUCIG KU WUGF VQ TGUVQTG FCVC�

Table 5-36. Message 1310: Frequency Standard Input Parameters Message (1 of 2)

Message ID: 1310

Rate: As required - maximum rate 1 Hz

Message Length: 20 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6 Sequence Number (Note 1) I 0 to 32767

7 Frequency Standard Issue Number (Note 2) UI 0 to 65535

TEMPERATURE CHARACTERISTIC:

8 C0 (Aging and Calibration Offset) (Note 3) I sec/sec 0 to ±2-14 2-29

9 C1 (Linear Term) (Note 3) I sec/sec/°C 0 to ±2-20 2-35

10 C2 (Second Order Term) (Note 3) I sec/sec/(°C)2 0 to ±2-26 2-41

11 C3 (Third Order Term) (Note 3) I sec/sec/(°C)3 0 to ±2-32 2-47

12 TINF (Inflection Point) (Note 3) I °C 0 to ±100 0.01

TEMPERATURE DYNAMICS:

13 D0  (Note 4) I

14 D1  (Note 4) I

TEMPERATURE SENSOR CALIBRATION:

15 TREF (Calibration ReferenceTemperature) (Note 5) I °C 0 to ±100 0.01

16 T0 (Temperature Sensor Reading at TREF) (Note 5) UI counts 0 to 65535 1

17 S0 (Temperature Sensor Scale Factor) (Note 5) I °C/count 0 to ±2-3 2-18

UNCERTAINTY COEFFICIENTS:

18 U0  (Note 6) I sec/sec 0 to ±2-14 2-29

19 U1  (Note 6) I sec/sec/°C 0 to ±2-20 2-35

20 Data Checksum
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���� &RQH[DQW 6\VWHPV� ,QF� 3DJH ����

Table 5-36. Message 1310: Frequency Standard Input Parameters Message (2 of 2)

Note 1:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
input.

Note 2:

Unique identification of each update. This allows a different set of data to be in use while newer data are only stored to EEPROM. The issue number is
preserved from run to run if non-volatile storage is available.

Note 3:

Defines a cubic in (T - TINF). Over a range of TINF±65 degrees C, each term can produce from 0.002 to 60 ppm,approximately.

Note 4:

*** TBD ***. These parameters will be used to compensate temperature dynamics transients.

Note 5:

These parameters define the temperature sensor scaling according to the equation:

T = TREF + (TFILT — T0)S0

Note 6:

Defines a linear equation in (T - TINF). Over a range of TINF ±65°C, each term can produce from 0.002 to 60 ppm, approximately.
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3DJH ���� &RQH[DQW 6\VWHPV� ,QF ����

�������� 3RZHU 0DQDJHPHQW &RQWURO �0HVVDJH

������ 7KLV PHVVDJH FRQWUROV WKH XVH RI SRZHU

PDQDJHPHQW LQ WKH UHFHLYHU� 7KH FRQWHQWV RI WKH 3RZHU

0DQDJHPHQW &RQWURO 0HVVDJH DUH GHVFULEHG LQ 7DEOH

�����

016'� /GUUCIG ���� KU RTKOCTKN[ WUGF VQ KPRWV MG[

RCTCOGVGTU HTQO )25 U[UVGOU YKVJQWV PQP�XQNCVKNG

UVQTCIG� 6JKU KU YJ[ VJG HQTOCV QH QWVRWV OGUUCIG

���� KU GZCEVN[ VJG UCOG� +P QVJGT YQTFU� VJG QWVRWV

OGUUCIG KU WUGF VQ ECRVWTG FCVC YJKNG VJG KPRWV

OGUUCIG KU WUGF VQ TGUVQTG FCVC�

Message ID: 1317

Rate: As required - maximum rate 1 Hz

Message Length: 8 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6 Sequence Number (Note 1) I 0 to 32767

7 Power Management On Duty Cycle (Note 2) I seconds 0 = off
1-4 = on

8 Data Checksum

Note 1:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
input.

Note 2:

In power management mode, the RF power may be switched off to reduce power consumption. The digital circuitry may be gated off and the processor
idled when not needed. This field gives the Measurement Engine permission to turn off the RF for the minimum off time in seconds.

Table 5-37. Message 1317: Power Management Control Message



=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH � 6HULDO 'DWD ,�2 ,QWHUIDFH

���� &RQH[DQW 6\VWHPV� ,QF� 3DJH ����

�������� 6HULDO 3RUW &RPPXQLFDWLRQ 3DUDPHWHUV

�0HVVDJH ������ 7KLV PHVVDJH DOORZV WKH XVHU WR VHW

WKH FRPPXQLFDWLRQ SDUDPHWHUV IRU WKH UHFHLYHU·V WZR

VHULDO SRUWV� 7KH FRQWHQWV RI WKH 6HULDO 3RUW

&RPPXQLFDWLRQ 3DUDPHWHUV 0HVVDJH DUH GHVFULEHG LQ

7DEOH �����

Message ID: 1330

Rate: As required - maximum rate 1 Hz

Message Length: 20 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6 Sequence Number (Note 1) I 0 to 32767

PORT CONTROL/VALIDITY DATA

7.0 Port 1 Data Valid Bit 1 = data valid

7.1 Port 2 Data Valid Bit 1 = data valid

7.2-7.15 Reserved

8 Port 1 Character Width UI 0 = 7 bits
1 = 8 bits

9 Port 1 Stop BIts UI 0 = 1
1 = 2

10 Port 1 Parity UI 0 = no parity
1 = odd parity
2 = even parity

11 Port 1 Bits Per Second (bps) Rate UI 0 = custom
1 = 300
2 = 600
3 = 1200
4 = 2400
5 = 4800
6 = 9600
7 = 19200
8 = 38400
9 = 57600
10 = 76800
11 = 115200

12 Port 1 Pre-Scale (Note 2) UI 0 to 255

13 Port 1 Post-Scale (Note 2) UI 0 to 7

14 Port 2 Character Width Bit 0 = 7 bits
1 = 8 bits

15 Port 2 Stop BIts Bit 0 = 1
1 = 2

Table 5-38. Message 1330: Serial Port Communication Parameters Message (1 of 2)
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3DJH ���� &RQH[DQW 6\VWHPV� ,QF ����

Table 5-38. Message 1330: Serial Port Communication Parameters Message (2 of 2)

Word No.: Name: Type: Units: Range: Resolution:

16 Port 2 Parity Bit 0 = no parity
1 = odd parity
2 = even parity

17 Port 2 bps Rate Bit 0 = custom
1 = 300
2 = 600
3 = 1200
4 = 2400
5 = 4800
6 = 9600
7 = 19200
8 = 38400
9 = 57600
10 = 76800
11 = 115200

18 Port 2 Pre-Scale (Note 2) UI 0 to 255

19 Port 2 Post-Scale (Note 2) UI 0 to 7

20 Data Checksum

Note 1:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
input.

Note 2:

Pre-scale and post-scale parameters are used to establish custom bps rates. The bps rate is equal to:

CPU clock / (16 x pre-scale x 2
post-scale 

)



=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH � 6HULDO 'DWD ,�2 ,QWHUIDFH

���� &RQH[DQW 6\VWHPV� ,QF� 3DJH ����

�������� 0HVVDJH 3URWRFRO &RQWURO �0HVVDJH ������

7KLV PHVVDJH DOORZV WKH XVHU WR VHW WKH PHVVDJH IRUPDW

SURWRFRO ZKLFK ZLOO EH XVHG WR FRPPXQLFDWH

LQIRUPDWLRQ WR DQG IURP WKH UHFHLYHU WKURXJK WKH KRVW

VHULDO ,�2 SRUW� &XUUHQWO\� WKH DYDLODEOH SURWRFROV DUH

ELQDU\ �ZLWK IL[HG�SRLQW QXPEHUV� DQG 10($������

6WRUDJH IRU WKH 3URWRFRO 7\SH SDUDPHWHU UHTXLUHV

((3520� 7KH FRQWHQWV RI WKH 0HVVDJH 3URWRFRO

&RQWURO 0HVVDJH DUH GHVFULEHG LQ 7DEOH �����

Message ID: 1331

Rate: As required - maximum rate 1 Hz

Message Length: 9 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6 Sequence Number (Note 1) I 0 to 32767

7 Reserved (must be zeroed out) I

8 Protocol Type (Note 2) I 0 = binary
1 = NMEA
2 = RTCM SC-

104

9 Data Checksum

Note 1:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
input.

Note 2:

RTCM SC-104 is not a valid protocol for the host data stream.

Table 5-39. Message 1331: Message Protocol Control Message



� 6HULDO 'DWD ,�2 ,QWHUIDFH =RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH

3DJH ���� &RQH[DQW 6\VWHPV� ,QF ����

�������� )DFWRU\ &DOLEUDWLRQ ,QSXW �0HVVDJH ������

7KLV PHVVDJH LV XVHG WR LQIRUP WKH V\VWHP DERXW WKH

TXDOLW\ RI WKH IUHTXHQF\ VWDQGDUG EHLQJ XVHG� 7KH

FRQWHQWV RI WKH )DFWRU\ &DOLEUDWLRQ ,QSXW 0HVVDJH DUH

GHVFULEHG LQ 7DEOH �����

Message ID: 1350

Rate: As required - maximum rate 1 Hz

Message Length: 10

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6 Sequence Number (Note 1) I 0 to 32767

7 Oscillator Temperature (Note 2) I degrees C -40 to +85 0.01

8-9 Oscillator Frequency Error I ppm 0 to ±51 0.01

10 Data Checksum

Note 1:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
input.

Note 2:

Externally supplied temperature measurement. An external temperature input causes the internal temperature sensor to be ignored as a source of
temperature data.

Table 5-40. Message 1350: Factory Calibration Input Message



=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH � 6HULDO 'DWD ,�2 ,QWHUIDFH

���� &RQH[DQW 6\VWHPV� ,QF� 3DJH ����

�������� 5DZ '*36 57&0 6&���� 'DWD �0HVVDJH

������ 7KLV LQSXW PHVVDJH FRQWDLQV '*36 57&0 6&�

��� GDWD� 7KH PHVVDJH LV SURYLGHG IRU EDFNZDUGV

FRPSDWLELOLW\ ZLWK WKH HDUOLHU 0LFUR7UDFNHU *36

UHFHLYHU DQG PD\ EH XVHG LQ OLHX RI WKH DX[LOLDU\ SRUW

GDWD�

7KH FRQWHQWV RI WKH 5DZ '*36 57&0 6&���� 'DWD

0HVVDJH DUH GHVFULEHG LQ 7DEOH �����

Table 5-41. Message 1351: Raw DGPS RTCM SC-104 Data Message

Message ID: 1351

Rate: As required. The maximum allowable rate is once every 100 msec (Note 1)

Message Length: Varies with message

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6 Sequence Number (Note 2) I 0 to 32767

7 to

n-1

Any valid RTCM-104 raw data in multiples of 16 bits, not to exceed 32 16-bit words (Note 3)

n Data Checksum (Note 1)

Note 1:

n must be less than or equal to 39. No more than 32 receiver 16-bit words of RTCM data should be delivered to the receiver with any one message.

Word Description Number of Words

Header 4
Header Checksum 1
Reserved (Sequence Number) 1
RTCM Data ≤32
Data Checksum 1

------
Max Number of words ≤39

Note 2:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
input.

Note 3:

Raw demodulated data must conform to the “6 of 8” format described in the RTCM SC-104 standard. The data must also be packed into one or more 16-
bit words and should be ordered chronologically from earliest to latest. Specifically, Word 7 should represent the earliest data and Word n-1 should
represent the latest.

Within each word, the most significant bit (bit 15) should represent the latest received bit and the least significant bit (bit 0) should represent the earliest
received bit. (Note that according to RTCM “6 of 8” format, bits 6 and 14 should be set marking (1) and bits 7 and 15 should be set spacing (0) for each
word.) The intent of this bit ordering is to allow the user to pass on the raw RTCM data without modification.



� 6HULDO 'DWD ,�2 ,QWHUIDFH =RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH

3DJH ���� &RQH[DQW 6\VWHPV� ,QF ����

�������� )UHTXHQF\ 6WDQGDUG 7DEOH ,QSXW 'DWD

�0HVVDJH ������ 7KLV PHVVDJH DOORZV WKH XVHU WR LQSXW

WKH SDUDPHWHUV DQG WDEOH GDWD XVHG LQ WKH UHFHLYHU
V

IUHTXHQF\ VWDQGDUG FRPSHQVDWLRQ PRGHO� ,W LV LQWHQGHG

WKDW WKLV PHVVDJH ZLOO EH XVHG LQ FRQMXQFWLRQ ZLWK

0HVVDJH ���� WR UHWULHYH DQG UHVWRUH WKLV LQIRUPDWLRQ

IRU H[WHUQDO VWRUDJH� 7KH FRQWHQWV RI WKH )UHTXHQF\

6WDQGDUG 7DEOH ,QSXW 'DWD 0HVVDJH DUH GHVFULEHG LQ

7DEOH �����

Message ID: 1360

Rate: As required - maximum rate 1 Hz

Message Length: 268 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6 Sequence Number (Note 1) I 0 to 32767

7 Table Frequency Offset (Note 2) I ppm 0 to ±51 0.15

8.0 Table Frequency Offset Valid (Note 3) Bit 1 = valid

8.1-8.15 Reserved

9 Offset Error Estimate (Note 4) I ppm 0 to ±51 0.002

10 Aging Rate Estimate (Note 5) I ppm/yr 0 to ±5 0.0002

11 Last Rate Update Week (Note 6) I weeks 0 to 32767 1

12-267 Frequency Standard Table (Note 7):
LSB
MSB

UI
weeks
ppm

0 to 1023
0 to ±19.05

4
0.15

268 Data Checksum

Note 1:

The sequence number is a count that indicates whether the data in a particular binary message has been updated or changed since the last message
input.

Note 2:

Each value of frequency error in the table shares this common offset value.

Note 3:

Flag to indicate that the offset has not been established.

Note 4:

Filtered estimate of accumulated error in the table offset value.

Note 5:

Filtered estimate of the current aging rate.

Note 6:

Whole week number of the last update of the aging rate.

Note 7:

LSB = the approximate time of last table entry update. MSB = the frequency error at each table temperature, less the table offset.

Table 5-42. Message 1360: Frequency Standard Table Input Data Message



=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH � 6HULDO 'DWD ,�2 ,QWHUIDFH

���� &RQH[DQW 6\VWHPV� ,QF� 3DJH ����

�������� )ODVK 5HSURJUDP �0HVVDJH ������7KLV

PHVVDJH LV XVHG RQO\ LQ WKH -XSLWHU )ODVK ERDUG WR IRUFH

WKH UHFHLYHU LQWR WKH 5HSURJUDP )ODVK PRGH� 7KH

FRQWHQWV RI WKH )ODVK 5HSURJUDP 0HVVDJH DUH GHVFULEHG

LQ 7DEOH �����

Table 5-43. Message 1380: Flash Reprogram Message

Message ID: 1380

Rate: As required

Message Length: 7 words

Word No.: Name: Type: Units: Range: Resolution:

1-4 Message Header

5 Header Checksum

6 Request Flag Boolean 0 = false
nonzero = true

7 Data Checksum

Note: This message does not provide the Sequence Number as Word 6.
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5.6 Zodiac NMEA Data Messages ___________________________________________

7KLV VHFWLRQ GHVFULEHV WKH 1DWLRQDO 0DULQH (OHFWURQLFV

$VVRFLDWLRQ �10($� GDWD PHVVDJHV RI WKH =RGLDF *36

UHFHLYHU� $OO RI WKH RXWSXW DQG LQSXW 10($ PHVVDJHV

DUH OLVWHG LQ 7DEOH ���� WRJHWKHU ZLWK WKHLU

FRUUHVSRQGLQJ PHVVDJH ,'V� 3RZHU�XS GHIDXOW

PHVVDJHV DUH DOVR LGHQWLILHG�

10($ PRGH LV VHOHFWHG DFFRUGLQJ WR WKH ORJLF

GHVFULEHG LQ WKH ´-XSLWHUµ 'DWD 6KHHW WKDW DFFRPSDQLHV

WKLV 'HVLJQHU·V *XLGH� 10($ PHVVDJHV DUH WUDQVPLWWHG

DQG UHFHLYHG DFURVV WKH KRVW SRUW VHULDO ,�2 LQWHUIDFH

�56����� ZLWK WKH IROORZLQJ GHIDXOW FRPPXQLFDWLRQV

SDUDPHWHUV�

• ���� ESV • QR SDULW\

• � GDWD ELWV • � VWRS ELW

7KLV LQWHUIDFH FRQIRUPV ZLWK WKH 10($������ YHUVLRQ

����� VSHFLILFDWLRQ�

����� 10($ 2XWSXW 0HVVDJH 'HVFULSWLRQV� 7KLV

VHFWLRQ SURYLGHV GHWDLOV IRU HDFK RI WKH RXWSXW 10($

PHVVDJHV�

Table 5-44. Zodiac NMEA Data Messages

Output Message Name Message ID

Conexant Proprietary Built-In Test Results BIT

Conexant Proprietary Error/Status ERR

GPS Fix Data (*) GGA

GPS DOP and Active Satellites (*) GSA

GPS Satellites in View (*) GSV

Conexant Proprietary Receiver ID RID

Recommended Minimum Specific GPS Data (*) RMC

Course Over Ground and Ground Speed VTG

Conexant Proprietary Zodiac Channel Status (**) ZCH

Input Message Name Message ID

Conexant Proprietary Built-In Test Command IBIT

Conexant Proprietary Log Control Message ILOG

Conexant Proprietary Receiver Initialization INIT

Conexant Proprietary Protocol Message IPRO

Standard Query Message Q

(*) Enable by default at power-up

(**) Once at power-up/reset



=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH � 6HULDO 'DWD ,�2 ,QWHUIDFH

���� &RQH[DQW 6\VWHPV� ,QF 3DJH ����

������� &RQH[DQW 3URSULHWDU\ %XLOW�,Q 7HVW �%,7�

5HVXOWV �%,7�� 7KLV SURSULHWDU\ PHVVDJH SURYLGHV

GHWDLOHG WHVW UHVXOWV ZKHQ D %,7 LV FRPPDQGHG� 1RQ�

]HUR GHYLFH IDLOXUH VWDWXV LQGLFDWHV IDLOXUH�

7KH FRQWHQWV RI WKH %,7 0HVVDJH DUH GHVFULEHG LQ

7DEOH �����

6DPSOH 0HVVDJH�

$PRWIBIT,0001,0000,0000,0000,0000,0000,0,0,15,640,01.02*75

Message ID: BIT

Rate: Variable

Fields: 11

Field
No.:

Symbol: Field Description: Field Type: Example:

$PRWIBIT Start of sentence and address field (Note 1) $PRWIBIT

1 ROM_FAIL ROM failure (Note 2) hhhh 0001

2 RAM_FAIL RAM failure (Note 2) hhhh 0000

3 EEP_FAIL EEPROM failure (Note 2) hhhh 0000

4 DPR_FAIL Dual Port RAM failure (Note 2) hhhh 0000

5 DSP_FAIL Digital Signal Processor (DSP) failure (Note 2) hhhh 0000

6 RTC_FAIL Real-Time Clock (RTC) failure (Note 2) hhhh 0000

7 SP1-ERR Serial Port 1 Receive Error Count x.x 0

8 SP2_ERR Serial Port 2 Receive Error Count x.x 0

9 SP1_RCV Serial Port 1 Receive Character Count x.x 15

10 SP2_RCV Serial Port 2 Receive Character Count x.x 640

11 SW_VER Software Version x.x 01.02

CKSUM Checksum *hh *75

<CR><LF> Sentence terminator <CR><LF>

Note 1:

$ = NMEA message prefix.
P = Proprietary message indicator.
RWI = Conexant Systems Inc. mnemonic.
BIT = BIT Results message ID.

Note 2:

A value of zero indicates a test has passed. A non-zero value indicates a device failure. Missing devices will be reported as failures. Therefore, the
OEM’s BIT pass/fail should ignore words for components that are not in the system under test. Note that the Dual Port RAM failure test is currently not
implemented. Therefore, field 4 will report a value of zero.

Table 5-45. BIT Message: Conexant Proprietary Built-In Test (BIT) Results Message
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3DJH ���� &RQH[DQW 6\VWHPV� ,QF ����

������� &RQH[DQW 3URSULHWDU\ (UURU�6WDWXV �(55��

7KLV PHVVDJH SURYLGHV GLDJQRVWLF LQIRUPDWLRQ LI WKH

UHFHLYHU HQFRXQWHUV DQ HUURU GXULQJ H[HFXWLRQ RI LWV

ILUPZDUH�

7KH FRQWHQWV RI WKH (55 0HVVDJH DUH GHVFULEHG LQ

7DEOH �����

6DPSOH 0HVVDJH�

$PRWIERR,0,0,005BC9*01

Table 5-46. ERR Message: Conexant Proprietary Error/Status Message

Message ID: ERR

Rate: Variable

Fields: 3

Field
No.:

Symbol: Field Description: Field Type: Example:

$_ _ _ _ERR Start of sentence and address field $PRWIERR

1 Class: 0 = User mode exception
1 = Executive mode exception
2 = Trap
3 = Executive error
4 = ESR error
5 = User error

x.x 0

2 Exception, Trap, or Error Number x.x 0

3 Word Address of Condition hhhhhh 005BC9

CKSUM Checksum *hh *01

<CR><LF> Sentence terminator <CR><LF>



=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH � 6HULDO 'DWD ,�2 ,QWHUIDFH

���� &RQH[DQW 6\VWHPV� ,QF 3DJH ����

������� *36 )L[ 'DWD �**$�� 7KLV PHVVDJH FRQWDLQV

WLPH� SRVLWLRQ� DQG IL[ UHODWHG GDWD IRU WKH =RGLDF

UHFHLYHU� :KHQ D QDYLJDWLRQ VROXWLRQ SDVVHV DOO RI WKH

YDOLGLW\ FULWHULD �VHW XVLQJ WKH ELQDU\ 6ROXWLRQ 9DOLGLW\

&ULWHULD PHVVDJH�� D **$ PHVVDJH LV JHQHUDWHG

DXWRPDWLFDOO\� 2WKHUZLVH� LI DQ\ RI WKH YDOLGLW\ FULWHULD

DUH LQYDOLG IRU WKH VROXWLRQ� D **$ PHVVDJH LV QRW

JHQHUDWHG�

7KH FRQWHQWV RI WKH **$ 0HVVDJH DUH GHVFULEHG LQ

7DEOH �����

Table 5-47. GGA Message: GPS Fix Data Message (1 of 2)

Message ID: GGA (while receiver is in Navigation Mode -- Note 1)

Rate: Variable; defaults to 1 Hz

Fields: 14

Field
No.:

Symbol: Field Description: Field Type: Example:

$_ _GGA Start of sentence and address field $GPGGA

1 POS_UTC UTC of position (hours, minutes, seconds, decimal seconds) hhmmss.ss 222435

2 LAT Latitude IIII.II 3339.7334

3 LAT_REF Latitude direction (N = north, S = south) a N

4 LON Longitude yyyyy.yy 11751.7598

5 LON_REF Longitude direction (E = east, W = west) a W

6 GPS_QUAL GPS quality indicator (Note 2) x 2

7 NUM_SATS Number of satellites in use, 00 to 12 (may be different from the number in
view)

xx 06

8 HDOP Horizontal Dilution of Precision (HDOP) x.x 1.33

9 ALT_MSL Antenna altitude above/below mean sea level (geoid) (Note 3) x.x 27.0

10 M Units of antenna altitude (meters) M M

11 GEOID_SEP Geoidal separation (Note 4) x.x -34.4

12 M Units of geoidal separation (meters) M M

13 DGPS_AGE Age of differential GPS data (Note 5) x.x 7

14 STA_ID Differential reference station ID (0000 to 1023) (Note 6) xxxx 0000

CKSUM Checksum *hh *41

<CR><LF> Sentence terminator <CR><LF>
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6DPSOH 0HVVDJH�

$GPGGA,222435,3339.7334,N,11751.7598,W,2,06,1.33,27.0,M,-34.4,M,7,0000*41

Note 1:

When the the navigation solution is invalid, fields 1 through 5 and 8 through 14 are null. Field 7 also has special meaning (see Note 3).

Note 2:

GPS quality indicator:

0 = Fix not available or invalid.
1 = GPS fix.
2 = Differential GPS fix.

Note 3:

The geodetic altitude can be computed from the mean sea level altitude by adding the geoidal separation (word 11).

Note 4:

Geoidal separation is the difference between the WGS-84 Earth ellipsoid and mean sea level (geoid).

Note 5:

Time in seconds since the last SC104 Type 1 or Type 9 update; null field when DGPS is not used.

Note 6:

This field is null when DGPS is not used.

Table 5-47. GGA Message: GPS Fix Data Message (2 of 2)



=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH � 6HULDO 'DWD ,�2 ,QWHUIDFH

���� &RQH[DQW 6\VWHPV� ,QF 3DJH ����

������� *36 '23 DQG $FWLYH 6DWHOOLWHV �*6$��7KLV

PHVVDJH FRQWDLQV WKH =RGLDF UHFHLYHU·V RSHUDWLQJ PRGH�

VDWHOOLWHV XVHG IRU QDYLJDWLRQ� DQG '23 YDOXHV�

7KH FRQWHQWV RI WKH *6$ 0HVVDJH DUH GHVFULEHG LQ

7DEOH �����

6DPSOH 0HVVDJH�

$GPGSA,A,3,04,16,09,24,,,,,,,,,3.33,1.96,2.70*06

Table 5-48. GSA Message: GPS DOP and Active Satellites Message

Message ID: GSA

Rate: Variable

Fields: 17

Field
No.:

Symbol: Field Description: Field Type: Example:

$_ _GSA Start of sentence and address field $GPGSA

1 OP_MODE Mode (Note 1) a A

2 FIX_MODE Mode (Note 2) x 3

3-14 SATN PRNs of satellites used in solution (null for unused fields) xx,xx,.... 04, 16, 09, 24,
...

15 PDOP Position Dilution of Precision (PDOP) (Note 3) x.x 3.33

16 HDOP Horizontal Dilution of Precision (HDOP) (Note 3) x.x 1.96

17 VDOP Vertical Dilution of Precision (VDOP) (Note 3) x.x 2.70

CKSUM Checksum *hh *06

<CR><LF> Sentence terminator <CR><LF>

Note 1:

Mode (operating):

M = Manual, forced to operate in 3-D mode.
A = Automatic, allowed to automatically switch between 2-D and 3-D.

Note 2:

Mode (fix):

1 = Fix not available
2 = 2-D
3 = 3-D

Note 3:

DOPs are based on the set of satellites above the elevation mask angle, which may not be the same set as that used for navigation.
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3DJH ���� &RQH[DQW 6\VWHPV� ,QF ����

������� *36 6DWHOOLWHV LQ 9LHZ �*69�� 7KLV PHVVDJH

FRQWDLQV WKH QXPEHU RI VDWHOOLWHV LQ YLHZ� 351

QXPEHUV� HOHYDWLRQ� D]LPXWK� DQG 6LJQDO�WR�1RLVH 5DWLR

�615� YDOXHV� (DFK WUDQVPLVVLRQ LGHQWLILHV XS WR IRXU

VDWHOOLWHV PD[LPXP� DGGLWLRQDO VDWHOOLWH GDWD LV VHQW LQ D

VHFRQG RU WKLUG PHVVDJH� 7KH WRWDO QXPEHU RI PHVVDJHV

EHLQJ WUDQVPLWWHG DQG WKH QXPEHU RI WKH PHVVDJH EHLQJ

WUDQVPLWWHG LV LQGLFDWHG LQ WKH ILUVW WZR ILHOGV�

7KH FRQWHQWV RI WKH *69 0HVVDJH DUH GHVFULEHG LQ

7DEOH �����

6DPSOH 0HVVDJH�

$GPGSV,2,1,07,24,60,216,50,20,47,135,47,12,40,020,47,16,36,319,46*75

Table 5-49. GSV Message: GPS Satellites in View Message

Message ID: GSV

Rate: Variable; defaults to 0.5 Hz

Fields: 19

Field
No.:

Symbol: Field Description: Field Type: Example:

$_ _GSV Start of sentence and address field $GPGSV

1 MAX_MSG Total number of messages (1 to 3) x 2

2 NUM_MSG Message number (1 to 3) x 1

3 NUM_SATS Total number of satellites in view xx 07

4 SAT_PRN Satellite PRN number (Note 1) xx 24

5 ELEV Elevation in degrees (90 degrees maximum) (Note 2) xx 60

6 AZ Azimuth in True degrees (000 to 359) (Note 2) xxx 216

7 SNR SNR (C/No) 00 to 99 dB, null when not tracking xx 50

8-11 ... 2nd satellite PRN number, elevation, azimuth, SNR (Note 1) xx, xx, xxx, xx ...

12-15 ... 3rd satellite PRN number, elevation, azimuth, SNR (Note 1) xx, xx, xxx, xx ...

16-19 ... 4th satellite PRN number, elevation, azimuth, SNR (Note 1) xx, xx, xxx, xx ...

CKSUM Checksum *hh *75

<CR><LF> Sentence terminator <CR><LF>

Note 1:

The visible satellites may include one or more that are below the horizon. Since NMEA does not account for negative elevation angles, the elevation
field will be null for these satellites.

Note 2:

Azimuth and elevation are null when the satellite is in track, but a visible list is not available.



=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH � 6HULDO 'DWD ,�2 ,QWHUIDFH

���� &RQH[DQW 6\VWHPV� ,QF 3DJH ����

������� &RQH[DQW 3URSULHWDU\ 5HFHLYHU ,' �5,'��

7KLV PHVVDJH LV RXWSXW DXWRPDWLFDOO\ DW VWDUWXS DIWHU WKH

UHFHLYHU KDV FRPSOHWHG LWV LQLWLDOL]DWLRQ� ,W FDQ EH XVHG

WR GHWHUPLQH ZKHQ WKH UHFHLYHU LV UHDG\ WR DFFHSW VHULDO

LQSXW� 0DQXDO UHTXHVWV IRU WKLV PHVVDJH DUH DOVR

KRQRUHG�

7KH FRQWHQWV RI WKH 5,' 0HVVDJH DUH GHVFULEHG LQ

7DEOH �����

6DPSOH 0HVVDJH�

$PRWIRID,12,00.90,12/25/95,0003,*40

Message ID: RID

Rate: Variable (see above)

Fields: 5

Field
No.:

Symbol: Field Description: Field Type: Example:

$_ _ _ _RID Start of sentence and address field $PRWIRID

1 NUM_CHN Number of Channels xx 12

2 SW_VER Software Version x.x 00.90

3 SW_DATE Software Date cccccccc 12/25/95

4 OPT_LST Options List (Note 1) hhhh 0003

5 RES Reserved

CKSUM Checksum *hh *40

<CR><LF> Sentence terminator <CR><LF>

Note 1:

The options list is a bit-encoded configuration word represented as a four-digit hexadecimal number:

bit 0 minimize ROM usage
bit 1 minimize RAM usage
bits 2-15 reserved

Table 5-50. RID Message: Conexant Proprietary Receiver ID Message



� 6HULDO 'DWD ,�2 ,QWHUIDFH =RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH

3DJH ���� &RQH[DQW 6\VWHPV� ,QF ����

������� 5HFRPPHQGHG 0LQLPXP 6SHFLILF *36

'DWD �50&�� 7KLV PHVVDJH FRQWDLQV WLPH� GDWH�

SRVLWLRQ� FRXUVH� DQG VSHHG GDWD� 7KH ILHOGV LQ WKLV

PHVVDJH ZLOO DOZD\V FRQWDLQ GDWD HYHQ ZKHQ WKH

UHFHLYHU LV QRW QDYLJDWLQJ� 7KLV DOORZV XVHU�LQLWLDOL]HG�

VWRUHG� RU GHIDXOW YDOXHV WR EH GLVSOD\HG EHIRUH D

VROXWLRQ LV REWDLQHG�

7KH FRQWHQWV RI WKH 50& 0HVVDJH DUH GHVFULEHG LQ

7DEOH �����

6DPSOH 0HVVDJH�

$GPRMC,185203,A,3339.7332,N,11751.7598,W,0.000,121.7,160496,13.8,E*55

Table 5-51. RMC Message: Recommended Minimum Specific GPS Data Message

Message ID: RMC

Rate: Variable; defaults to 1 Hz

Fields: 11

Field
No.:

Symbol: Field Description: Field Type: Example:

$_ _RMC Start of sentence and address field $GPRMC

1 POS_UTC UTC of position (hours, minutes, seconds, decimal seconds) hhmmss.ss 185203

2 POS_STAT Position status (A = Data valid, V = Data invalid) (Note 1) a A

3 LAT Latitude IIII.II 3339.7332

4 LAT_REF Latitude direction (N = north, S = south) a N

5 LON Longitude yyyyy.yy 11751.7598

6 LON_REF Longitude direction (E = east, W = west) a W

7 SPD Speed over ground (knots) x.x 0.000

8 HDG Heading/track made good (degrees True) x.x 121.7

9 DATE Date (dd/mm/yy) xxxxxx 160496

10 MAG_VAR Magnetic variation (degrees) x.x 13.8

11 MAG_REF Magnetic variation (E = east, W = west) (Note 2) a E

CKSUM Checksum *hh *55

<CR><LF> Sentence terminator <CR><LF>

Note 1:

The position status flag will be set to “V” (data invalid) until the receiver is navigating. At that time, the flag is changed to “A” (data valid) and the
information provided in the RMC message will reflect a navigation solution.

Note 2:

Easterly variation (E) subtracts from True course.

Westerly variation (W) adds to True course.



=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH � 6HULDO 'DWD ,�2 ,QWHUIDFH

���� &RQH[DQW 6\VWHPV� ,QF 3DJH ����

������� &RXUVH 2YHU *URXQG DQG *URXQG 6SHHG

�97*�� 7KLV PHVVDJH FRQWDLQV WKH FRXUVH RYHU JURXQG

�WUXH DQG PDJQHWLF� DQG VSHHG UHODWLYH WR WKH JURXQG�

7KH FRQWHQWV RI WKH 97* 0HVVDJH DUH GHVFULEHG LQ

7DEOH �����

6DPSOH 0HVVDJH�

$GPVTG,291.3,T,277.3,M,0.784,N,1.452,K*4F

Message ID: VTG (while receiver is in Navigation Mode -- Note 1)

Rate: Variable

Fields: 8

Field
No.:

Symbol: Field Description: Field Type: Example:

$_ _VTG Start of sentence and address field $GPVTG

1 TRU_CRS Course over ground, degrees True x.x 291.3

2 T True course indicator T T

3 MAG_CRS Course over ground, degrees magnetic x.x 277.3

4 M Magnetic course indicator M M

5 SPD_N Speed over the ground (knots) x.x 0.784

6 N Nautical speed indicator (N = knots) N N

7 SPD_K Speed (kilometers) x.x 1.452

8 K Speed indicator (K = km/hr) K K

CKSUM Checksum *hh *4F

<CR><LF> Sentence terminator <CR><LF>

Note 1:

Output of this message is temporarily suppressed while the receiver is in Acquisition Mode.

Table 5-52. VTG Message: Course Over Ground and Ground Speed Message



� 6HULDO 'DWD ,�2 ,QWHUIDFH =RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH

3DJH ���� &RQH[DQW 6\VWHPV� ,QF ����

������� &RQH[DQW 3URSULHWDU\ =RGLDF &KDQQHO

6WDWXV �=&+�� 7KLV PHVVDJH FRPSOHPHQWV WKH *69

PHVVDJH E\ SURYLGLQJ VDWHOOLWH�WR�FKDQQHO PDSSLQJ DQG

D VWDWXV LQGLFDWLRQ IRU HDFK FKDQQHO�

7KH FRQWHQWV RI WKH =&+ 0HVVDJH DUH GHVFULEHG LQ

7DEOH �����

6DPSOH 0HVVDJH�

$PRWIZCH,05,F,20,F,04,F,09,F,16,F,06,F,07,6,00,0,24,F,00,0,00,0,00,0*37

Message ID: ZCH

Rate: Variable; defaults to 1 Hz

Fields: 24

Field
No.:

Symbol: Field Description: Field Type: Example:

$_ _ _ _ZCH Start of sentence and address field $PRWIZCH

1-2 SAT_PRN Channel 1 satellite PRN number (Note 1) xx 05

2 STATUS Channel 1 status indication (Note 1) hh_ _ F

3-4 ... Channel 2 satellite PRN number and status indication xx,hh_ _ ...

5-6 ... Channel 3 satellite PRN number and status indication xx,hh_ _ ...

7-8 ... Channel 4 satellite PRN number and status indication xx,hh_ _ ...

9-10 ... Channel 5 satellite PRN number and status indication xx,hh_ _ ...

11-12 ... Channel 6 satellite PRN number and status indication xx,hh_ _ ...

13-14 ... Channel 7 satellite PRN number and status indication xx,hh_ _ ...

15-16 ... Channel 8 satellite PRN number and status indication xx,hh_ _ ...

17-18 ... Channel 9 satellite PRN number and status indication xx,hh_ _ ...

19-20 ... Channel 10 satellite PRN number and status indication xx,hh_ _ ...

21-22 ... Channel 11 satellite PRN number and status indication xx,hh_ _ ...

23-24 ... Channel 12 satellite PRN number and status indication xx,hh_ _ ...

CKSUM Checksum *hh *37

<CR><LF> Sentence terminator

Note 1:

Channel number (xx) is implied by position in message. Data for all 12 channels is always provided in this message. If a channel is unused, a value of 0
will appear for both channel fields. The status indication (hh_ _) is a one-digit, hexadecimal value which represents four bits as follows:

<y.0> Measurement of the satellite on this channel used in navigation solution.
<y.1> Ephemeris available for the satellite on this channel.
<y.2> Satellite on this channel is in track.
<y.3> DGPS corrections available for the satellite on this channel (NOTE: this bit will never be set whenever the configuration of a particular Zodiac
GPS receiver does not support DGPS).

Table 5-53. ZCH Message: Conexant Proprietary Zodiac Channel Status Message



=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH � 6HULDO 'DWD ,�2 ,QWHUIDFH

���� &RQH[DQW 6\VWHPV� ,QF 3DJH ����

����� 10($ ,QSXW 0HVVDJH 'HVFULSWLRQV�7KLV

VHFWLRQ SURYLGHV GHWDLOV IRU HDFK RI WKH LQSXW 10($

PHVVDJHV�

������� &RQH[DQW 3URSULHWDU\ %XLOW�,Q 7HVW �%,7�

&RPPDQG 0HVVDJH �,%,7�� 7KLV SURSULHWDU\

PHVVDJH LQVWUXFWV WKH UHFHLYHU WR LPPHGLDWHO\ H[HFXWH

LWV %,7� 5HVXOWV RI WKH %,7 DUH DYDLODEOH LQ WKH

&RQH[DQW 3URSULHWDU\ %XLOW�,Q 7HVW 5HVXOWV PHVVDJH�

7KH GDWD ILHOG LV UHVHUYHG DQG VKRXOG EH OHIW QXOO�

7KH FRQWHQWV RI WKH ,%,7 0HVVDJH DUH GHVFULEHG LQ

7DEOH �����

6DPSOH 0HVVDJH�

$PRWIIBIT,

Message ID: IBIT

Rate: As required

Fields: 1

Field
No.:

Symbol: Field Description: Field Type: Example:

$PRWIIBIT Start of sentence and address field (Note 1) $PRWIIBIT

1 RES Reserved

CKSUM Checksum (optional) *hh

<CR><LF> Sentence terminator <CR><LF>

Note 1:

$ = NMEA message prefix.
P = Proprietary message indicator.
RWI = Conexant Systems Inc. mnemonic.
ILOG = BIT command message ID.

Table 5-54. IBIT Message: Conexant Proprietary Built-In Test (BIT) Command Message



� 6HULDO 'DWD ,�2 ,QWHUIDFH =RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH

3DJH ���� &RQH[DQW 6\VWHPV� ,QF ����

������� &RQH[DQW 3URSULHWDU\ /RJ &RQWURO 0HVVDJH

�,/2*�� 7KLV SURSULHWDU\ PHVVDJH FRQWUROV WKH RXWSXW

RI WKH =RGLDF UHFHLYHU·V 10($ PHVVDJHV�

7KH FRQWHQWV RI WKH ,/2* 0HVVDJH DUH GHVFULEHG LQ

7DEOH �����

6DPSOH 0HVVDJH�

$PRWIILOG,RMC,A,T,5,0

Message ID: ILOG

Rate: As required

Fields: 5

Field
No.:

Symbol: Field Description: Field Type: Example:

$PRWIILOG Start of sentence and address field (Note 1) $PRWIILOG

1 MSG_ID Approved sentence formatter of the data being requested (Note 2) ccc RMC

2 ENABLE Output enable flag (A = enable, V = disable) (Note 3) a A

3 TRIG Output trigger (t = on time, u = on update) (Note 4) a T

4 INTERVAL Output interval (seconds, 0 = once) (Note 4) x.x 5

5 OFFSET Initial output offset (seconds from minute mark) (Note 4) x.x 0

CKSUM Checksum (optional) *hh

<CR><LF> Sentence terminator <CR><LF>

Note 1:

$ = NMEA message prefix.
P = Proprietary message indicator.
RWI = Conexant Systems Inc. mnemonic.
ILOG = Log control message ID.

Note 2:

A special form of this field disables all output messages. Use “???” as the message ID as in the following example:

$PRWIILOG,???,V,,,

Note 3:

This field may be null to indicate that the previous setting should be left unchanged.

Note 4:

The TRIG, INTERVAL, and OFFSET fields may be null to indicate that the previous setting should be left unchanged.

Table 5-55. ILOG Message: Conexant Proprietary Log Control Message



=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH � 6HULDO 'DWD ,�2 ,QWHUIDFH

���� &RQH[DQW 6\VWHPV� ,QF 3DJH ����

������� &RQH[DQW 3URSULHWDU\ 5HFHLYHU ,QLWLDOL]DWLRQ

0HVVDJH �,1,7�� 7KLV SURSULHWDU\ PHVVDJH

FRPPDQGV WKH =RGLDF UHFHLYHU WR SHUIRUP D UHVHW�

PRGLI\ LWV RSHUDWLQJ PRGH� RU UHLQLWLDOL]H LWVHOI XVLQJ

VSHFLILHG SDUDPHWHUV�

7KH FRQWHQWV RI WKH ,1,7 0HVVDJH DUH GHVFULEHG LQ

7DEOH �����

Message ID: INIT

Rate: As required

Fields: 14

Field
No.:

Symbol: Field Description: Field Type: Example:

$PRWIINIT Start of sentence and address field (Note 1) $PRWIINIT

1 RESET Software reset flag (A = reset, V = don’t reset) (Note 2) a V

2 RES_1 Reserved

3 RES_2 Reserved

4 LAT Latitude (Note 2) IIII.III 3339.650

5 LAT_REF Latitude direction (N = north, S = south) (Note 2) a N

6 LON Longitude (Note 2) yyyyy.yy 11751.680

7 LON_REF Longitude direction (E = east, W = west) (Note 2) a W

8 ALT Altitude (meters) (Note 2) x.x 64.131

9 SPD Ground speed (Note 2) x.x 0.0

10 SPD_TYP Ground speed units (M = m/sec, N = knots, K = km/hr) (Note 2) a M

11 HDG Heading (0.0 to 360.0 degrees north) (Note 2) x.x 0.0

12 HDG_TYP Heading type (T = true, M = magnetic) (Note 2) a T

13 TIME UTC time (hours, minutes, seconds) (Note 2) hhmmss 162338

14 DATE UTC date (Note 2) ddmmyy 190594

CKSUM Checksum (optional) *hh

<CR><LF> Sentence terminator <CR><LF>

Table 5-56. INIT Message: Conexant Proprietary Receiver Initialization Message (1 of 2)



� 6HULDO 'DWD ,�2 ,QWHUIDFH =RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH

3DJH ���� &RQH[DQW 6\VWHPV� ,QF ����

6DPSOH 0HVVDJH�

$PRWIINIT,V,,,3339.650,N,11751.680,W,64.131,0.0,M,0.0,T,162338,190594

Note 1:

$ = NMEA message prefix.
P = Proprietary message indicator.
RWI = Conexant Systems Inc. mnemonic.
INIT = Initialization message ID.

Note 2:

This function is enabled by default.

Each of the fields 1 through 14 may be null to indicate that the previous setting for the data item should be left unchanged. For example, reset may be
commanded without specifying the other parameters by issuing the following command:

$PRWIINIT,A, , , , , , , , , , , , ,<CR><LF>

When using null fields, the following restrictions apply:

• If a supplied parameter has a corresponding unit specifier or reference indicator, it must also be supplied.

• Both latitude and longitude must be provided to specify a valid horizontal position.

• Both ground speed and heading must be provided to specify a valid horizontal velocity.

• If a magnetic heading is specified, horizontal position (lat/lon), and UTC time and date must also be provided.

• UTC time and date must be provided together.

Table 5-56. INIT Message: Conexant Proprietary Receiver Initialization Message (2 of 2)



=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH � 6HULDO 'DWD ,�2 ,QWHUIDFH

���� &RQH[DQW 6\VWHPV� ,QF 3DJH ����

������� &RQH[DQW 3URSULHWDU\ 3URWRFRO 0HVVDJH

�,352�� 7KLV SURSULHWDU\ PHVVDJH DOORZV WKH XVHU WR

VHW WKH PHVVDJH IRUPDW SURWRFRO ZKLFK ZLOO EH XVHG WR

FRPPXQLFDWH LQIRUPDWLRQ WR DQG IURP WKH UHFHLYHU

WKURXJK WKH KRVW VHULDO ,�2 SRUW� &XUUHQWO\� WKH

DYDLODEOH SURWRFROV DUH ELQDU\ �ZLWK IL[HG�SRLQW

QXPEHUV� DQG 10($������ 6WRUDJH IRU WKH 3URWRFRO

7\SH SDUDPHWHU UHTXLUHV ((3520�

7KH FRQWHQWV RI WKH ,352 0HVVDJH DUH GHVFULEHG LQ

7DEOH �����

6DPSOH 0HVVDJH�

$PRWIIPRO,,RBIN

Table 5-57. IPRO Message: Conexant Proprietary Protocol Message

Message ID: IPRO

Rate: As required

Fields: 2

Field
No.:

Symbol: Field Description: Field Type: Example:

$PRWIIPRO Start of sentence and address field (Note 1) $PRWIIPRO

1 RES Reserved

2 PRO_TYPE Protocol Type (RBIN = Conexant binary)) cccc RBIN

CKSUM Checksum (optional) *hh

<CR><LF> Sentence terminator <CR><LF>

Note 1:

$ = NMEA message prefix.
P = Proprietary message indicator.
RWI = Conexant Systems Inc. mnemonic.
INIT = Initialization message ID.



� 6HULDO 'DWD ,�2 ,QWHUIDFH =RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH

3DJH ���� &RQH[DQW 6\VWHPV� ,QF ����

������� 6WDQGDUG 4XHU\ 0HVVDJH �4�� 7KLV PHVVDJH

LV XVHG WR UHTXHVW D RQH�WLPH RXWSXW RI DQ\ RI WKH

DSSURYHG 10($ PHVVDJHV IURP WKH =RGLDF UHFHLYHU�

7KH W\SLFDO UHVSRQVH WLPH EHWZHHQ UHFHLSW RI D TXHU\

DQG WKH WUDQVPLVVLRQ RI WKH UHTXHVWHG PHVVDJH LV

DSSUR[LPDWHO\ RQH VHFRQG�

7KH FRQWHQWV RI WKH 4 0HVVDJH DUH GHVFULEHG LQ 7DEOH

�����

6DPSOH 0HVVDJH�

$LCGPQ,GSV

Message ID: Q

Rate: As required

Fields: 1

Field
No.:

Symbol: Field Description: Field Type: Example:

$_ _ _ _ Q Start of sentence and address field (Note 1) $LCGPQ

1 MSG_ID Approved sentence formatter of the data being requested ccc GSV

CKSUM Checksum (optional) *hh

<CR><LF> Sentence terminator <CR><LF>

Note 1:

The identifier of the device from which data is being requested (refer to paragraph 5.4.4 of this chapter) must be “GP” (GPS device) for the “Zodiac”
receiver to recognize the message; otherwise, the message will be ignored.

Table 5-58. Q Message: Standard Query Message



=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH � =RGLDF 2SHUDWLRQ

���� &RQH[DQW 6\VWHPV� ,QF� 3DJH ���

6 ZODIAC GPS RECEIVER OPERATION

KLV VHFWLRQ SUHVHQWV D GHWDLOHG RSHUDWLRQDO GHVFULSWLRQ RI WKH =RGLDF70 IDPLO\ RI *36 UHFHLYHUV� $Q RYHUYLHZ LV

SURYLGHG IRU WKH QDYLJDWLRQ DQG UHFHLYHU VXSSRUW IXQFWLRQV� (DFK RI WKH UHFHLYHU·V LQWHUQDO VWRUDJH GHYLFHV DUH

GHVFULEHG DV ZHOO DV KRZ HDFK RQH LV LQLWLDOL]HG DQG XVHG WR FRQWURO RSHUDWLRQDO FRQILJXUDWLRQV� 7KLV VHFWLRQ DOVR SURYLGHV

D GHVFULSWLRQ RI VWDUW�XS PRGHV DQG VDWHOOLWH PDQDJHPHQW�

6.1 Internal (Onboard) Data Sources_________________________________________

,QWHUQDO GDWD VRXUFHV DUH WKH ´EXLOW�LQµ LQIRUPDWLRQ

VWRUDJH FDSDELOLWLHV RI WKH *36 UHFHLYHU� 7KH RQERDUG

UHFHLYHU ILUPZDUH PDLQWDLQV WKHVH GDWD VRXUFHV IRU XVH

RQ D FRQWLQXLQJ EDVLV�

����� 6WDWLF 5$0 �65$0�� 65$0 LV XVHG WR VWRUH DOO

ILUPZDUH YDULDEOHV PDQLSXODWHG E\ WKH *36 UHFHLYHU� ,I

H[WHUQDO SRZHU KDV EHHQ VXSSOLHG WR 65$0 GXULQJ WKH

´LGOHµ VWDWH� WKLV GDWD ZLOO EH DYDLODEOH WR WKH

LQLWLDOL]DWLRQ IXQFWLRQV DW VWDUW�XS� 6DWHOOLWH HSKHPHULV�

ODVW SRVLWLRQ� DQG IUHTXHQF\ VWDQGDUG SDUDPHWHUV DUH

LPSRUWDQW GDWD WKDW KHOSV WR PLQLPX]H 7LPH�7R�)LUVW�

)L[ �77))� LI WKH GDWD LV DYDLODEOH LQ 65$0�

����� 5HDO�7LPH &ORFN �57&��$ORQJ ZLWK 65$0� DQ

RQERDUG 57& LV D YDOXDEOH VRXUFH RI GDWD DW V\VWHP

VWDUW�XS� ,I H[WHUQDO SRZHU KDV EHHQ DSSOLHG WR WKH 57&

GXULQJ WKH ´LGOHµ VWDWH� WLPH�GDWH LQIRUPDWLRQ ZLOO EH

DYDLODEOH WR WKH LQLWLDOL]DWLRQ IXQFWLRQV DW VWDUW�XS�

9DOLG WLPH�GDWH LV D NH\ FRPSRQHQW XVHG WR FRPSXWH

VDWHOOLWH YLVLELOLW\ DQG WR PLQLPL]H 77))� 1RWH WKDW D

YDOXH RI ´ODVW NQRZQ WLPHµ LV DYDLODEOH LQ 65$0� 2Q

WKH -XSLWHU ERDUG� WKH 57& LV SRZHUHG ZKHQHYHU

65$0 LV SRZHUHG �UHIHU WR VHFWLRQ ��� IRU PRUH

LQIRUPDWLRQ DERXW WKH 57&��

����� (OHFWULFDOO\ (UDVDEOH 3URJUDPPDEOH 5HDG�

2QO\ 0HPRU\ �((3520��2QERDUG ((3520 LV

XVHIXO IRU ORQJ�WHUP VWRUDJH RI GDWD WKDW YDULHV

VRPHZKDW RYHU WLPH EXW LV� LQ JHQHUDO� IDLUO\ FRQVWDQW

RYHU VKRUW SHULRGV RI WLPH �ZHHNV�� 8QOLNH 65$0 DQG

WKH 57&� SRZHU LV QRW UHTXLUHG WR PDLQWDLQ GDWD GXULQJ

´LGOHµ VWDWHV� ,PSRUWDQW GDWD LQ ((3520 WKDW KHOSV WR

PLQLPL]H 77)) LQFOXGHV VDWHOOLWH DOPDQDF� ODVW NQRZQ

SRVLWLRQ� DQG IUHTXHQF\ VWDQGDUG SDUDPHWHUV� 1RWH WKDW

((3520 LV XVHG RQO\ LI WKH UHTXLUHG GDWD LV QRW

DYDLODEOH IURP 65$0 �UHIHU WR VHFWLRQ ��� IRU PRUH

LQIRUPDWLRQ DERXW WKH ((3520��

����� 5HDG�2QO\ 0HPRU\ �520��2QERDUG 520 LV

RQO\ XVHG DV D GDWD VRXUFH LI 65$0 DQG ((3520 DUH

XQDYDLODEOH� 6DWHOOLWH DOPDQDF DQG IUHTXHQF\ VWDQGDUG

SDUDPHWHUV FDQ EH REWDLQHG IURP 520 ZLWK OLPLWHG

XVHIXOQHVV�

6.2 Initialization __________________________________________________________

����� 'HILQLWLRQ� ,QLWLDOL]DWLRQ LV GHILQHG DV WKH VHW RI

GDWD DQG�RU DFWLRQV WKDW SURYLGH WLPH YDU\LQJ

LQIRUPDWLRQ IRU XVH E\ WKH *36 UHFHLYHU DW VWDUW�XS�

7KH PRVW FRPPRQ H[DPSOH LV 3RVLWLRQ� 9HORFLW\� DQG

7LPH �397� LQLWLDOL]DWLRQ� )RU D *36 UHFHLYHU LQVWDOOHG

LQ DQ DXWRPRELOH� WKLV LQIRUPDWLRQ LV FRQVWDQWO\

FKDQJLQJ DV WLPH SURJUHVVHV DQG WKH YHKLFOH PRYHV

IURP ORFDWLRQ WR ORFDWLRQ�

,QLWLDOL]DWLRQ GDWD LV UHTXLUHG ZKHQ WKH RQERDUG GDWD

VRXUFHV DUH ROG RU LQYDOLG� 6HULDO LQSXW PHVVDJHV DUH

SUHSDUHG E\ WKH XVHU DQG WUDQVPLWWHG WR WKH *36

UHFHLYHU� ,Q JHQHUDO� WKH *36 UHFHLYHU LV FDSDEOH RI

´ERRWVWUDSSLQJµ LWVHOI ZLWKRXW DQ\ YDOLG GDWD VRXUFHV�

EXW 77)) WLPHV DUH H[WHQGHG�

����� 3RVLWLRQ� 9HORFLW\� 7LPH �397� 'DWD� 7KH

PRVW FRPPRQ IRUP RI XVHU VXSSOLHG LQLWLDOL]DWLRQ GDWD

LV SRVLWLRQ DQG WLPH �YHORFLW\ LV QRUPDOO\ LQFOXGHG LQ

WKLV JURXS� EXW LV RQO\ UHTXLUHG IRU KLJKHU G\QDPLF

RSHUDWLRQV�� $FFXUDWH 397 DQG YDOLG

DOPDQDF�HSKHPHULV GDWD DUH UHTXLUHG WR JHQHUDWH WKH

FXUUHQW VDWHOOLWH YLVLELOLW\ OLVW DQG DSSURSULDWH DFTXLVLWLRQ

XQFHUWDLQWLHV� UHVXOWLQJ LQ RSWLPDO 77)) SHUIRUPDQFH�

����� 6DWHOOLWH (SKHPHULV� 8QOLNH XVHU 397

LQIRUPDWLRQ� VDWHOOLWH HSKHPHULV GDWD LV DYDLODEOH IURP

HYHU\ VDWHOOLWH WKDW LV FRQWLQXRXVO\ WUDFNHG ��� VHFRQGV

PLQLPXP FROOHFWLRQ WLPH�� 7KH HSKHPHULV LV PDLQWDLQHG

LQ 65$0� 7KLV ´RYHU�WKH�DLUµ DYDLODELOLW\ PHDQV WKDW

WKH XVHU GRHV QRW QRUPDOO\ KDYH WR VXSSO\ HSKHPHULV

GDWD�

����� 6DWHOOLWH $OPDQDF� $OPDQDF LQIRUPDWLRQ IRU DOO

VDWHOOLWHV LV DYDLODEOH IURP HDFK WUDFNHG VDWHOOLWH �����

PLQXWH FROOHFWLRQ WLPH IRU WKH FRPSOHWH VHW� DQG LV

PDLQWDLQHG LQ WKH RQERDUG ((3520 DQG 65$0� /LNH

HSKHPHULV GDWD� ´RYHU�WKH�DLUµ DYDLODELOLW\ PHDQV WKDW

7



� =RGLDF 2SHUDWLRQ =RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH

3DJH ��� &RQH[DQW 6\VWHPV� ,QF� ����

WKH XVHU GRHV QRW QRUPDOO\ KDYH WR VXSSO\ DOPDQDF

GDWD�

����� 8QLYHUVDO 7LPH &RRUGLQDWHG �87&� $QG

,RQRVSKHULF 3DUDPHWHUV� 87& DQG LRQRVSKHULF

FRUUHFWLRQ SDUDPHWHUV DUH DYDLODEOH IURP HYHU\ WUDFNHG

VDWHOOLWH �EURDGFDVW RQFH HYHU\ ���� PLQXWHV� DQG DUH

PDLQWDLQHG LQ WKH RQERDUG ((3520 DQG 65$0� /LNH

DOPDQDF DQG HSKHPHULV GDWD� ´RYHU�WKH�DLUµ DYDLODELOLW\

PHDQV WKDW WKH XVHU GRHV QRW QRUPDOO\ KDYH WR VXSSO\

87& DQG LRQRVSKHULF GDWD�
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����� 'HILQLWLRQ� &RQILJXUDWLRQ LV GHILQHG DV WKH VHW RI

GDWD DQG�RU DFWLRQV WKDW SURYLGH LQIRUPDWLRQ WKDW LV

IDLUO\ FRQVWDQW DQG XVXDOO\ FRQQHFWHG ZLWK LQVWDOODWLRQ�

HQYLURQPHQWDO� RU XVHU SUHIHUHQFHV� &RPPRQ H[DPSOHV

DUH PDS GDWXPV RU VDWHOOLWH HOHYDWLRQ PDVN DQJOH�

&RQILJXUDWLRQ GDWD FXVWRPL]HV DQG�RU RSWLPL]HV WKH

*36 UHFHLYHU IRU XVH LQ D SDUWLFXODU VLWXDWLRQ� ,Q

JHQHUDO� WKLV GDWD LV KHOG FRQVWDQW XQWLO WKH XVHU GHFLGHV

WR FKDQJH LW� 7DEOH ��� SURYLGHV D EULHI GHVFULSWLRQ RI

DOO GHIDXOW FRQILJXUDWLRQ SDUDPHWHUV�

&RQILJXUDWLRQ GDWD FRQWUROV WKH ´SHUVRQDOLW\µ RI WKH

UHFHLYHU� 6WDWHG DQRWKHU ZD\� FRQILJXUDWLRQ GDWD

FRQWUROV KRZ WKH UHFHLYHU ZRUNV RQ D GDLO\ EDVLV�

7\SLFDOO\� WKLV LQIRUPDWLRQ LV VWRUHG LQ ((3520�

DFFHVVHG DW WKH WLPH RI LQLWLDOL]DWLRQ� DQG XSGDWHG

ZKHQHYHU WKH XVHU GLFWDWHV D FKDQJH�

7KH REYLRXV EHQHILW RI WKLV IHDWXUH LV WKDW WKH ERDUG FDQ

EH FRQILJXUHG WR ZRUN LQ D FXVWRPL]HG ZD\�

(DFK RI WKH YDULRXV W\SHV RI FRQILJXUDWLRQ GDWD LV

EULHIO\ GHVFULEHG LQ WKH IROORZLQJ SDUDJUDSKV�

����� *HRGHWLF 'DWXPV� =RGLDF *36 UHFHLYHUV

SURYLGH WZR FRQILJXUDWLRQ IHDWXUHV UHODWHG WR GDWXPV�

GDWXP VHOHFWLRQ DQG GDWXP GHILQLWLRQ� 'DWXP VHOHFWLRQ

FRQWUROV WKH WUDQVIRUPDWLRQ XVHG IRU DOO QDYLJDWLRQ

RXWSXWV DQG LQSXWV� 2YHU ��� SUHGHILQHG GDWXPV DUH

DYDLODEOH IRU XVHU FRQILJXUDWLRQ�

'DWXP GHILQLWLRQ DOORZV WKH XVHU WR VSHFLI\ D FXVWRP

GDWXP WKDW FDQ EH XVHG LQ WKH VDPH ZD\ DV DQ HOHPHQW

RI WKH SUHGHILQHG VHW� $ PD[LPXP RI ILYH XVHU�GHILQHG

GDWXPV LV VXSSRUWHG� 5HIHU WR VHFWLRQ ��� �1DYLJDWLRQ�

IRU PRUH GHWDLOV�

����� 6DWHOOLWH 6HOHFWLRQ� =RGLDF *36 UHFHLYHUV

SURYLGH WZR FRQILJXUDWLRQ IHDWXUHV UHODWHG WR VDWHOOLWH

VHOHFWLRQ� HOHYDWLRQ PDVN DQJOH DQG FDQGLGDWH VDWHOOLWH

VSHFLILFDWLRQ� 6DWHOOLWH HOHYDWLRQ PDVN DQJOH GHILQHV WKH

HOHYDWLRQ DQJOH WKDW LV XVHG WR VFUHHQ VDWHOOLWHV IRU

LQFOXVLRQ LQ WKH QDYLJDWLRQ VROXWLRQ DQG 'LOXWLRQ RI

3UHFLVLRQ �'23� FDOFXODWLRQV� 6DWHOOLWHV WKDW IDOO

EHWZHHQ WKH HOHYDWLRQ PDVN DQJOH DQG WKH KRUL]RQ ��

GHJUHH PDVN� DUH WUDFNHG� ZKHQ SRVVLEOH� WR JDWKHU WKHLU

HSKHPHULV GDWD VR WKH\ DUH UHDG\ WR EH XVHG ZKHQ WKH\

ULVH DERYH WKH HOHYDWLRQ PDVN�

6DWHOOLWH FDQGLGDWH VSHFLILFDWLRQ LV XVHG WR H[SOLFLWO\

FRQWURO LQFOXVLRQ LQ WKH YLVLEOH OLVW �VDWHOOLWHV DERYH

KRUL]RQ�� %\ GHIDXOW� D VDWHOOLWH LV D FDQGLGDWH XQWLO LW LV

H[FOXGHG� DW ZKLFK SRLQW LW PXVW EH UH�VHOHFWHG WR EH D

FDQGLGDWH DJDLQ� 5HIHU WR VHFWLRQV ��� DQG ���

�1DYLJDWLRQ DQG 6XSSRUW )XQFWLRQV� UHVSHFWLYHO\� IRU

PRUH GHWDLOV�

����� 'LIIHUHQWLDO *36 �'*36� &RQWURO� =RGLDF *36

UHFHLYHUV SURYLGH WZR FRQILJXUDWLRQ IHDWXUHV UHODWHG WR

'*36 RSHUDWLRQ� GLVDEOH DQG FRUUHFWLRQ WLPHRXW� :KHQ

'*36 GLVDEOH LV DVVHUWHG� WKH QDYLJDWLRQ VROXWLRQ LV

FRPSXWHG ZLWKRXW WKH EHQHILW RI GLIIHUHQWLDO

FRUUHFWLRQV HYHQ LI WKH\ DUH DYDLODEOH�

7KH '*36 WLPHRXW SDUDPHWHU LV XVHG WR VSHFLI\ WKH

PD[LPXP DOORZDEOH WLPH GLIIHUHQFH EHWZHHQ FXUUHQW

WLPH DQG WKH YDOLGLW\ WLPH RI WKH '*36 FRUUHFWLRQV� ,I

WKH WLPHRXW LV H[FHHGHG� '*36 QDYLJDWLRQ VROXWLRQV DUH

XQDYDLODEOH XQWLO WKH FRUUHFWLRQ WLPH GHOWD EHFRPHV OHVV

WKDQ WKH WLPHRXW� 5HIHU WR VHFWLRQV ��� DQG ���

�1DYLJDWLRQ DQG 6XSSRUW )XQFWLRQV� UHVSHFWLYHO\� IRU

PRUH GHWDLOV�

����� &ROG 6WDUW &RQWURO� $ VLPSOH FRQWURO WKDW HQDEOHV

RU GLVDEOHV WKLV IHDWXUH DQG VHWV WKH WLPHRXW IRU

DXWRPDWLF WUDQVLWLRQ WR FROG VWDUW LV DYDLODEOH� 5HIHU WR

VHFWLRQ ��� IRU D GHVFULSWLRQ RI WKLV IHDWXUH�

����� 6ROXWLRQ 9DOLGLW\ &ULWHULD� 7KLV FRQILJXUDWLRQ

IHDWXUH DOORZV WKH XVHU WR VSHFLI\ D VHW RI FRQGLWLRQV

WKDW PXVW EH PHW IRU D QDYLJDWLRQ VROXWLRQ WR EH

UHSRUWHG DV ´YDOLG�µ &RQVWUDLQWV WKDW FDQ EH LPSRVHG RQ

VROXWLRQ YDOLGLW\ LQFOXGH�

• 8VH RI '*36 FRUUHFWLRQV�

• 8VH RI DOWLWXGH�
• 0LQLPXP QXPEHU RI VDWHOOLWHV�

• 0D[LPXP H[SHFWHG SRVLWLRQ HUURUV �(+3( DQG

(93(��

5HIHU WR VHFWLRQ ��� �1DYLJDWLRQ� IRU D GHVFULSWLRQ RI

WKLV IHDWXUH�



=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH � =RGLDF 2SHUDWLRQ

���� &RQH[DQW 6\VWHPV� ,QF� 3DJH ���

����� 8VHU�(QWHUHG $OWLWXGH� 7KLV FRQILJXUDWLRQ

IHDWXUH DOORZV WKH XVHU WR VXSSO\ D NQRZQ YDOXH RI

DOWLWXGH WKDW FDQ EH XVHG WR LPSURYH WKH RYHUDOO TXDOLW\

RI WKH QDYLJDWLRQ VROXWLRQ� 7KH PRVW FRPPRQ

DSSOLFDWLRQ RI WKLV IHDWXUH LV WR SURYLGH D PHDQ VHD OHYHO

YDOXH IRU D ERDW WKDW LV XVHG H[FOXVLYHO\ RQ DQ RFHDQ�

5HIHU WR VHFWLRQ ��� �1DYLJDWLRQ� IRU PRUH GHWDLOV�

����� 9HKLFOH 3ODWIRUP 6HOHFW� 7KLV FRQILJXUDWLRQ

IHDWXUH DOORZV WKH XVHU WR VSHFLI\ WKH W\SH RI YHKLFOH LQ

ZKLFK WKH =RGLDF UHFHLYHU KDV EHHQ LQVWDOOHG� 5HIHU WR

VHFWLRQ ��� �1DYLJDWLRQ� IRU PRUH GHWDLOV�

����� 1DYLJDWLRQ &RQWURO� 6HYHUDO QDYLJDWLRQ FRQWURO

IHDWXUHV DUH SURYLGHG E\ WKH =RGLDF *36 UHFHLYHUV�

7KHVH IHDWXUHV DUH�

• *URXQGWUDFN VPRRWKLQJ�

• 3RVLWLRQ SLQQLQJ�

• 9DOLGLW\ FULWHULD�

5HIHU WR VHFWLRQ ��� IRU PRUH GHWDLOV RQ WKHVH IHDWXUHV�

������ &RQILJXUDWLRQ 6WUDSV� &RQILJXUDWLRQ VWUDSV

FRQWURO WKH XVH RI DYDLODEOH FRQILJXUDWLRQ GDWD DW WKH

WLPH RI LQLWLDOL]DWLRQ� 7KHVH VWUDSV DFW DV

PHWDFRPPDQGV WKDW FDQ RYHUULGH RU FRPSOHPHQW DQ

H[LVWLQJ VHW RI FRQILJXUDWLRQ GDWD� 1RWH WKDW WKHVH VWUDSV

DUH RQO\ UHDG RQFH DW LQLWLDOL]DWLRQ WLPH� VR D SRZHU

F\FOH RU VRIWZDUH UHVHW PXVW EH H[HFXWHG DIWHU DQ\ VWUDS

FKDQJHV DUH PDGH�

�������� 1DWLRQDO 0DULQH (OHFWURQLFV $VVRFLDWLRQ

�10($� 6HOHFW� :KHQ DVVHUWHG� WKH KRVW VHULDO

FRPPXQLFDWLRQ LQWHUIDFH LV FRQILJXUHG IRU 10($

RSHUDWLRQ ��������1���� &RQILJXUDWLRQ GDWD UHODWHG WR

WKH KRVW SRUW WKDW PD\ EH DYDLODEOH IURP RWKHU VRXUFHV

LV QRW XVHG� :KHQ GH�DVVHUWHG� RSHUDWLRQ RI WKH KRVW

SRUW LV FRQWUROOHG E\ DQ\ DYDLODEOH FRQILJXUDWLRQ GDWD

Parameter Value/Description

Datum WGS-84

Mask angle 10 degrees

Cold start control Enabled

Timeout 300 seconds

Platform class Automotive

Altitude measurement validity Mark altitude solutions valid

Maximum Expected Horizontal Position Error (EHPE) validity 100 meters (*)

Maximum Expected Vertical Position Error (EVPE) validity 150 meters (*)

Criterion for the minimum number of satellites used for a solution Zero (*) (**)

DGPS validity Not required for a valid solution (*)

Held altitude Enabled

Position pinning Enabled (automatically disabled when DGPS corrections are available)

Ground track smoothing Enabled (only when DGPS is not available)

DGPS disable “false” (i.e., DGPS is active if corrections are available)

Host port communication parameters (Conexant binary) 9600-N-8-1

Host port communication parameters (NMEA) 4800-N-8-1

Auxiliary port communication parameters (RTCM input only) 9600-N-8-1

(*) Solution validity criteria.
(**) After a “fully determined” or successful transition to navigation.

Table 6-1. Default Configuration Data



� =RGLDF 2SHUDWLRQ =RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH

3DJH ��� &RQH[DQW 6\VWHPV� ,QF� ����

VRXUFHV �65$0� ((3520� HWF��� 'HWDLOV RI WKH 10($

PHVVDJH VHW DUH FRQWDLQHG LQ 6HFWLRQ � RI WKLV

'HVLJQHU·V *XLGH�

�������� 520 'HIDXOWV� :KHQ DVVHUWHG� DOO

FRQILJXUDWLRQ DQG LQLWLDOL]DWLRQ GDWD LV REWDLQHG IURP

520 GHIDXOWV� ,Q DGGLWLRQ� 65$0 LV FOHDUHG WR

JXDUDQWHH WKDW WKH UHFHLYHU LV VWDUWHG LQ D NQRZQ

RSHUDWLRQDO VWDWH� 7KH KRVW VHULDO FRPPXQLFDWLRQ

LQWHUIDFH LV FRQILJXUHG IRU &RQH[DQW ELQDU\ RSHUDWLRQ

��������1���� :KHQ GH�DVVHUWHG �WKH QRUPDO

RSHUDWLRQDO VWDWH�� FRQILJXUDWLRQ DQG LQLWLDOL]DWLRQ GDWD

DUH REWDLQHG IURP DOO YDOLG VRXUFHV �65$0� ((3520�

57&� HWF���
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=RGLDF *36 UHFHLYHUV KDYH IRXU W\SHV RI VWDUW�XS

PRGHV �:DUP� ,QLWLDOL]HG� &ROG� DQG )UR]HQ� EDVHG RQ

WKH DYDLODELOLW\ DQG VRXUFH RI LQLWLDOL]DWLRQ GDWD� (DFK RI

WKHVH PRGHV DUH EULHIO\ GHVFULEHG LQ WKH IROORZLQJ

SDUDJUDSKV�

����� :DUP 6WDUW� 7KLV VWDWH LV SUHVHQW ZKHQ DOO NH\

GDWD �397� HSKHPHULV� DQG IUHTXHQF\ VWDQGDUG

SDUDPHWHUV� LV YDOLG DQG DYDLODEOH LQ 65$0� 7ZR

FRPPRQ FRQGLWLRQV WKDW UHVXOW LQ WKLV VWDWH DUH D

VRIWZDUH UHVHW �´KRWµ VWDUW� DIWHU FRQWLQXRXV QDYLJDWLRQ

RU D UHWXUQ IURP DQ ´LGOHµ SHULRG �SRZHU F\FOH� RI D IHZ

PLQXWHV WKDW ZDV SUHFHHGHG E\ D SHULRG RI FRQWLQXRXV

QDYLJDWLRQ�

����� ,QLWLDOL]HG 6WDUW� 7KLV VWDWH LV VLPLODU WR :DUP

6WDUW H[FHSW WKDW HSKHPHULV GDWD LV QRW DYDLODEOH DW VWDUW�

XS� LPSO\LQJ WKDW 65$0 ZDV QRW SRZHUHG GXULQJ WKH

´LGOHµ VWDWH RU WKDW WKH GDWD WLPH YDOLGLW\ KDV H[SLUHG�

&RPPRQ FRQGLWLRQV WKDW UHVXOW LQ WKLV VWDWH DUH XVHU�

VXSSOLHG 397 LQLWLDOL]DWLRQ RU FRQWLQXRXV 57&

RSHUDWLRQ ZLWK DQ DFFXUDWH ODVW NQRZQ SRVLWLRQ DYDLODEOH

IURP ((3520�

����� &ROG 6WDUW� 7KLV VWDWH RFFXUV DV D UHVXOW RI

XQNQRZQ SRVLWLRQ DQG�RU WLPH� HLWKHU RI ZKLFK FDXVHV

DQ XQUHOLDEOH VDWHOOLWH YLVLELOLW\ OLVW� $OPDQDF LQIRUPDWLRQ

LV XVHG WR LGHQWLI\ SUHYLRXVO\ KHDOWK\ VDWHOOLWHV DQG WR

JHQHUDWH ´ZRUNLQJµ YLVLEOH VDWHOOLWH OLVWV� ZKLOH

IUHTXHQF\ VWDQGDUG GDWD PLQLPL]HV VDWHOOLWH DFTXLVLWLRQ

XQFHUWDLQWLHV�

����� )UR]HQ 6WDUW� 7KLV VWDWH LV HQWHUHG LI WKHUH DUH QR

YDOLG GDWD VRXUFHV DYDLODEOH �65$0� 57&� ((3520��

7KLV LV FRQVLGHUHG WR EH D UHFRYHU\ PRGH EHFDXVH

((3520 VKRXOG DOZD\V FRQWDLQ YDOLG LQIRUPDWLRQ� $Q

´RXW�RI�WKH�ER[µ ERDUG RU D XQLW WKDW KDV QRW RSHUDWHG

IRU D VLJQLILFDQW DPRXQW RI WLPH �PRQWKV� PD\

DSSUR[LPDWH WKLV VWDWH EHFDXVH WKH GDWD LQ ((3520

PD\ EH YDOLG EXW H[SLUHG RU SDUWLDOO\ FRPSOHWH�
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7KLV VHFWLRQ GHVFULEHV WKH VDWHOOLWH PDQDJHPHQW

IXQFWLRQV RI WKH =RGLDF IDPLO\ RI *36 UHFHLYHUV�

����� 9LVLEOH /LVW *HQHUDWLRQ� $ OLVW RI VDWHOOLWHV

YLVLEOH WR WKH UHFHLYHU DQWHQQD LV PDLQWDLQHG ZKHQHYHU

SRVVLEOH� $ VDWHOOLWH LV FRQVLGHUHG YLVLEOH LI LWV HOHYDWLRQ

LQ WKH VN\ LV NQRZQ WR EH DERYH WKH KRUL]RQ� LI LWV

DOPDQDF DQG HSKHPHULV GDWD LQGLFDWH LW LV KHDOWK\� DQG LI

LW KDV QRW EHHQ H[FOXGHG E\ PDQXDO FDQGLGDWH VDWHOOLWH

VSHFLILFDWLRQ� 1RWH WKDW DOWKRXJK D VDWHOOLWH LV YLVLEOH� LWV

PHDVXUHPHQW LV RQO\ DYDLODEOH IRU XVH LI WKH VDWHOOLWH LV

DERYH WKH HOHYDWLRQ PDVN DQJOH�

7KH UHFHLYHU·V FKDQQHO UHVRXUFHV DUH GLUHFWHG WRZDUG

DFTXLULQJ RQO\ WKRVH VDWHOOLWHV ZKLFK DSSHDU LQ WKLV OLVW

H[FHSW ZKHQ WKH UHFHLYHU LV LQ FROG VWDUW PRGH� 6DWHOOLWHV

ZLWKLQ WKH OLVW DUH RUGHUHG IURP KLJKHVW WR ORZHVW

HOHYDWLRQ ZKLFK� IRU VHTXHQWLDO DFTXLVLWLRQ� DOVR GLFWDWHV

WKH RUGHU LQ ZKLFK DFTXLVLWLRQ DWWHPSWV DUH PDGH�

5HFHLYHU SRVLWLRQ DQG FXUUHQW WLPH DUH UHTXLUHG WR

FRPSXWH VDWHOOLWH SRVLWLRQV IURP RUELWDO GDWD� ,I SRVLWLRQ

DQG�RU WLPH LV QRW FRQVLGHUHG WR EH ZHOO NQRZQ �L�H��

WKHLU H[SHFWHG HUURUV DUH ODUJH�� WKHQ WKH OLVW LV H[WHQGHG

EHORZ WKH KRUL]RQ DQG LV ILOOHG WR WKH PD[LPXP RI ��

VDWHOOLWHV� ,I '*36 FRUUHFWLRQV DUH DYDLODEOH� WKH

VDWHOOLWHV UHSUHVHQWHG LQ WKH FRUUHFWLRQV DUH XVHG WR VHW

WKH OLVW PHPEHUVKLS LQVWHDG� VLQFH WKH\ DOVR UHSUHVHQW

VDWHOOLWHV YLVLEOH WR D QHDUE\ WUDQVPLWWLQJ '*36 EDVH

VWDWLRQ�

1HZ YLVLEOH VDWHOOLWH OLVWV DUH JHQHUDWHG E\ HYHQWV WKDW

FRXOG FDXVH D FKDQJH LQ VDWHOOLWH OLVW PHPEHUVKLS RU

FRXOG LQGLFDWH D VLJQLILFDQW FKDQJH LQ D VDWHOOLWH SRVLWLRQ

UHODWLYH WR WKH DQWHQQD� 7KHVH HYHQWV LQFOXGH UHFHLSW RI

DQ HOHYDWLRQ PDVN DQJOH RU FDQGLGDWH VDWHOOLWH

VSHFLILFDWLRQ FRPPDQG� GRZQORDGLQJ RI D QHZ VDWHOOLWH

DOPDQDF� DQG FKDQJHV LQ VDWHOOLWH KHDOWK VWDWXV UHIOHFWHG

LQ QHZ DOPDQDF RU HSKHPHULV GDWD�

,Q WKH FDVH ZKHUH '*36 FRUUHFWLRQV DUH XVHG WR

HVWDEOLVK OLVW PHPEHUVKLS� D FKDQJH LQ WKH VHW RI

VDWHOOLWHV UHIOHFWHG LQ WKH FRUUHFWLRQV DOVR FDXVHV D QHZ

OLVW WR EH JHQHUDWHG�



=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH � =RGLDF 2SHUDWLRQ

���� &RQH[DQW 6\VWHPV� ,QF� 3DJH ���

'XULQJ LQLWLDO DFTXLVLWLRQ� D QHZ OLVW LV JHQHUDWHG ZKHQ

WKH UHFHLYHU PDNHV VWHS DGMXVWPHQWV WR SRVLWLRQ DQG

WLPH� ,Q WKH DEVHQFH RI WKHVH HYHQWV� WKH YLVLEOH VDWHOOLWH

OLVW LV XSGDWHG HYHU\ �� VHFRQGV� 7KH YLVLEOH VDWHOOLWH OLVW

LV RXWSXW LQ WKH 9LVLEOH 6DWHOOLWHV PHVVDJH �ELQDU\

0HVVDJH ������

������� '23V�*HRPHWULF 'LOXWLRQ RI 3UHFLVLRQ

�*'23� LV D PHDVXUH RI WKH TXDOLW\ RI D VDWHOOLWH

FRQVWHOODWLRQ JHRPHWU\� *'23 UHIOHFWV WKH LQIOXHQFH RI

VDWHOOLWH JHRPHWU\ RQ WKH DFFXUDF\ RI XVHU SRVLWLRQ DQG

WLPH HVWLPDWHV� 7KH EHVW JHRPHWU\ LV WKDW ZKLFK

SURGXFHV WKH ORZHVW *'23 YDOXH� *'23 DFWV DV D

PXOWLSOLHU RI WKH HUURU LQ SRVLWLRQ DQG WLPH HVWLPDWHV

GXH WR RWKHU VRXUFHV�

*'23 LV D FRPSRVLWH PHDVXUH� ,W FDQ EH VHSDUDWHG

LQWR 3RVLWLRQ 'LOXWLRQ RI 3UHFLVLRQ �3'23�� ZKLFK

UHIOHFWV WKH HIIHFWV RI JHRPHWU\ RQ WKUHH�GLPHQVLRQDO

SRVLWLRQ HVWLPDWHV� DQG 7LPH 'LOXWLRQ RI 3UHFLVLRQ

�7'23�� ZKLFK UHIOHFWV JHRPHWULF HIIHFWV RQ WLPH

HVWLPDWHV� 7KH UHODWLRQVKLS FDQ EH H[SUHVVHG DV�

GDOP =  (PDOP)
2

+ (TDOP)
2

,Q WXUQ� 3'23 FDQ EH VHSDUDWHG LQWR KRUL]RQWDO DQG

YHUWLFDO FRPSRQHQWV� +RUL]RQWDO 'LOXWLRQ RI 3UHFLVLRQ

�+'23� DQG 9HUWLFDO 'LOXWLRQ RI 3UHFLVLRQ �9'23��

7KHVH FRPSRQHQWV UHSUHVHQW WKH HIIHFWV RI VDWHOOLWH

JHRPHWU\ RQ WZR�GLPHQVLRQDO KRUL]RQWDO SRVLWLRQ DQG

RQ YHUWLFDO SRVLWLRQ �DOWLWXGH� HVWLPDWHV� UHVSHFWLYHO\�

7KLV UHODWLRQVKLS FDQ EH H[SUHVVHG DV�

PDOP =  (HDOP)
2

+ (VDOP)
2

7KH UHFHLYHU FRPSXWHV WKH EHVW DYDLODEOH *'23 DQG

HDFK RI LWV FRPSRQHQWV LQ WKH 9LVLEOH 6DWHOOLWHV PHVVDJH

�ELQDU\ 0HVVDJH ������ 7KH EHVW DYDLODEOH *'23 LV

WKDW DVVRFLDWHG ZLWK WKH VDWHOOLWH FRQVWHOODWLRQ FRQVLVWLQJ

RI DOO YLVLEOH VDWHOOLWHV DERYH WKH PDVN DQJOH �VDWHOOLWHV

ZKRVH PHDVXUHPHQWV PD\ EH XVHG��

$W OHDVW IRXU VDWHOOLWHV DUH UHTXLUHG WR HVWLPDWH SRVLWLRQ

DQG WLPH� DQG WKHUHIRUH WR FRPSXWH D *'23� 7KH

'23 ILHOGV LQ 0HVVDJH ���� DUH VHW WR PD[LPXP YDOXHV

ZKHQ *'23 FDQQRW EH FRPSXWHG�

����� $FTXLVLWLRQ 0RGHV� 7ZR PHWKRGV RI VDWHOOLWH

DFTXLVLWLRQ DUH XVHG E\ WKH =RGLDF *36 UHFHLYHU�

VHTXHQWLDO DFTXLVLWLRQ DQG SDUDOOHO DFTXLVLWLRQ�

������� 6HTXHQWLDO $FTXLVLWLRQ� 6HTXHQWLDO DFTXLVLWLRQ

GHVFULEHV WKH DFTXLVLWLRQ RI D VDWHOOLWH ZLWK DOO QRQ�

WUDFNLQJ FKDQQHOV� $Q H[DPSOH RI WKLV DFTXLVLWLRQ PRGH

LV &ROG 6WDUW� LQ ZKLFK LQGLYLGXDO VDWHOOLWH DFTXLVLWLRQV

DUH DWWHPSWHG RQH DW D WLPH XVLQJ DOO DYDLODEOH FKDQQHOV

WR FRYHU WKH ZLGH GRSSOHU XQFHUWDLQW\�

$V VDWHOOLWHV DUH DFTXLUHG� WKH\ VWD\ LQ WUDFN RQ RQH

FKDQQHO ZLWK WKH UHPDLQLQJ FKDQQHOV DYDLODEOH IRU WKH

QH[W DFTXLVLWLRQ� 6HTXHQWLDO DFTXLVLWLRQ LV DOZD\V XVHG WR

DFTXLUH WKH ILUVW VDWHOOLWH� 7KH UHFHLYHU ZLOO DXWRPDWLFDOO\

WUDQVLWLRQ WR SDUDOOHO DFTXLVLWLRQ DIWHU WKH ILUVW VDWHOOLWH LV

DFTXLUHG GXULQJ D :DUP 6WDUW RU DQ ,QLWLDOL]HG 6WDUW�

������� 3DUDOOHO $FTXLVLWLRQ� 3DUDOOHO DFTXLVLWLRQ

GHVFULEHV WKH DFTXLVLWLRQ RI D VDWHOOLWH ZLWK D VLQJOH QRQ�

WUDFNLQJ FKDQQHO� $Q H[DPSOH RI WKLV DFTXLVLWLRQ PRGH

RFFXUV DIWHU WKH ILUVW VDWHOOLWH LV DFTXLUHG LQ :DUP 6WDUW�

LQ ZKLFK DOO RI WKH YLVLEOH VDWHOOLWHV DUH DVVLJQHG D

FKDQQHO DQG DFTXLVLWLRQV DUH DWWHPSWHG VLPXOWDQHRXVO\�

1RWH WKDW HYHQ WKRXJK D VLQJOH FKDQQHO LV EHLQJ XVHG� D

ODUJH GRSSOHU XQFHUWDLQW\ FDQ VWLOO EH FRYHUHG ZLWK

H[WHQGHG VHDUFK WLPH�

������� $GDSWLYH 7KUHVKROG�%DVHG 6LJQDO

'HWHFWLRQ� 7R H[WHQG WKH ZHDN VLJQDO UHFHSWLRQ

FDSDELOLW\ RI WKH UHFHLYHU� DQ DGDSWLYH QRLVH WKUHVKROG�

EDVHG GHWHFWLRQ VFKHPH KDV EHHQ LPSOHPHQWHG LQ WKH

UHFHLYHU VRIWZDUH� :LWK WKLV DSSURDFK� D YDULDEOH

GHWHFWLRQ WKUHVKROG LV FRPSXWHG IURP WKH DYHUDJH

FURVV�FRUUHODWLRQ YDOXH RI WKH UHFHLYHG VLJQDO ZLWK D

3VHXGR�5DQGRP 1RLVH �351� FRGH� 7KLV 351 FRGH LV

VLPLODU LQ VWUXFWXUH WR WKH *36 VDWHOOLWH 351 FRGHV EXW

XVHV D 351 ,' WKDW LV QRW DVVLJQHG WR DQ\ RI WKH *36

VDWHOOLWHV� 7KH FRPSXWDWLRQ RI WKH UHFHLYHG &�1R

SRZHU LV DOVR EDVHG RQ WKH FURVV�FRUUHODWLRQ YDOXH DV

GHWHUPLQHG DERYH�

7KLV VFKHPH ORZHUV WKH DYHUDJH GHWHFWLRQ WKUHVKROG IRU

ZHDN VLJQDOV� WKXV LPSURYLQJ WKH UHFHLYHU·V DELOLW\ WR

DFTXLUH DQG WUDFN VDWHOOLWHV XQGHU WKHVH FRQGLWLRQV�

&RQYHUVHO\� WKLV VFKHPH VHWV D KLJKHU WKUHVKROG ZKHQ

VWURQJ VLJQDOV DUH UHFHLYHG� 7KLV PHWKRG UHVXOWV LQ PRUH

UHOLDEOH DFTXLVLWLRQ RI VDWHOOLWHV DQG D FRUUHVSRQGLQJ

UHGXFWLRQ LQ 77)) RYHU D ZLGHU YDULDWLRQ RI *36 VLJQDO

VWUHQJWK FRQGLWLRQV�

������� 2YHUDOO 6HDUFK 3URFHVV� )LJXUH ��� GHSLFWV WKH

RYHUDOO VHDUFK SURFHVV DV LW LQWHUDFWV ZLWK WKH YLVLEOH

VDWHOOLWH OLVW JHQHUDWLRQ GHVFULEHG LQ VHFWLRQ ������

6HTXHQWLDO RU SDUDOOHO DFTXLVLWLRQ LV VHOHFWHG EDVHG RQ

FKDQQHO DYDLODELOLW\ DQG WKH UHTXLUHG IUHTXHQF\ VHDUFK

UDQJH �WKH QXPEHU RI GRSSOHU ELQV� IRU HDFK VDWHOOLWH�

����� 'DWD &ROOHFWLRQ� 6XEIUDPH GDWD FROOHFWLRQ LV D

FRQWLQXRXV SURFHVV RQFH D VDWHOOLWH LV LQ WUDFN� 7KLV

WHFKQLTXH JXDUDQWHHV WKDW FXUUHQW HSKHPHULV DQG

DOPDQDF LQIRUPDWLRQ DUH DOZD\V DYDLODEOH WR DQ

RSHUDWLQJ *36 UHFHLYHU �PDNLQJ LGHQWLILFDWLRQ RI

XQKHDOWK\ VDWHOOLWHV HDV\��
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Figure 6-1. Zodiac Search Process
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���� &RQH[DQW 6\VWHPV� ,QF� 3DJH ���

������� (SKHPHULV� (SKHPHULV GDWD LV JDWKHUHG DQG

PDLQWDLQHG RQ D SHU VDWHOOLWH EDVLV� )RU FRQWLQXRXVO\

WUDFNHG VDWHOOLWHV �QR EORFNDJH�� LW ZLOO WDNH EHWZHHQ ��

DQG �� VHFRQGV WR JDWKHU WKH GDWD VHW� 2QFH JDWKHUHG� LW

LV XVHG WR FRPSXWH KLJK DFFXUDF\ VDWHOOLWH SRVLWLRQ�

YHORFLW\� DQG DFFHOHUDWLRQ �39$� VWDWHV IRU QDYLJDWLRQ

DQG UHDFTXLVLWLRQ SURFHVVHV� 1RWH WKDW WKLV GDWD LV QRW

PDLQWDLQHG LQ ((3520 GXH WR LWV OLPLWHG WLPH YDOLGLW\�

������� $OPDQDF� $OPDQDF GDWD LV JDWKHUHG DQG

PDLQWDLQHG RQ D SHU VDWHOOLWH EDVLV� )RU FRQWLQXRXVO\

WUDFNHG VDWHOOLWHV �QR EORFNDJH�� LW ZLOO WDNH D PLQLPXP

RI ���� PLQXWHV WR JDWKHU WKH FRPSOHWH GDWD VHW IRU DOO

VDWHOOLWHV� 7KH SULPDU\ IXQFWLRQ RI DOPDQDF GDWD LV WR

SURYLGH DSSUR[LPDWH VDWHOOLWH 39$ VWDWHV IRU WKH

DFTXLVLWLRQ SURFHVV� 1RWH WKDW WKLV GDWD LV PDLQWDLQHG LQ

((3520 GXH WR LWV YDOLGLW\ RYHU DQ H[WHQGHG WLPH

UDQJH �ZHHNV��

������� 87& $QG ,RQRVSKHULF &RUUHFWLRQV� 7KLV GDWD

LV JDWKHUHG DQG PDLQWDLQHG LQGHSHQGHQWO\ RI WKH

VDWHOOLWH IURP ZKLFK LW ZDV REWDLQHG �RQH VHW LV XVHG IRU

DOO�� )RU FRQWLQXRXVO\ WUDFNHG VDWHOOLWHV �QR EORFNDJH�� LW

ZLOO WDNH D PLQLPXP RI ���� PLQXWHV WR JDWKHU DQ

XSGDWHG GDWD VHW�

87& FRUUHFWLRQV DUH XVHG WR FRPSXWH WKH H[DFW WLPH

RIIVHW EHWZHHQ *36 DQG 87& WLPH� ,RQRVSKHULF

FRUUHFWLRQV DUH XVHG E\ WKH QDYLJDWLRQ SURFHVV WR

FRPSHQVDWH IRU WKH HIIHFWV RI WKH VDWHOOLWH VLJQDO SDVVLQJ

WKURXJK WKH (DUWK·V LRQRVSKHUH� 1RWH WKDW WKLV GDWD LV

PDLQWDLQHG LQ ((3520 GXH WR LWV YDOLGLW\ RYHU DQ

H[WHQGHG WLPH UDQJH �ZHHNV��

6.6 Navigation ___________________________________________________________

7KLV VHFWLRQ GHVFULEHV WKH RSHUDWLRQ RI WKH QDYLJDWLRQ

VRIWZDUH LQ WKH *36 UHFHLYHU� 7KLV VRIWZDUH LQLWLDOL]HV

DQG PDLQWDLQV D VWDWH YHFWRU ZKLFK LV XVHG WR UHSRUW

WLPH� SRVLWLRQ� DQG YHORFLW\ WR WKH XVHU�

7KH QDYLJDWLRQ VRIWZDUH XVHV SVHXGRUDQJH� LQWHJUDWHG

FDUULHU SKDVH� DQG GRSSOHU PHDVXUHPHQWV IURP WKH

VDWHOOLWHV� DQG H[WHUQDO DOWLWXGH LQSXWV LI DYDLODEOH� $Q

HLJKW�VWDWH .DOPDQ ILOWHU HVWLPDWHV SRVLWLRQ� YHORFLW\�

DQG FORFN HUURUV�

7KH 2(0 KDV VXEVWDQWLDO FRQWURO RYHU WKH RSHUDWLRQ RI

WKH QDYLJDWLRQ V\VWHP WR FXVWRPL]H LW IRU D VSHFLILF

DSSOLFDWLRQ� 7KLV VHFWLRQ GHILQHV PDQ\ RI WKH IHDWXUHV

RI WKH QDYLJDWLRQ V\VWHP ZLWK HPSKDVLV RQ WKRVH WKDW

WKH 2(0 FDQ FRQWURO�

����� *HRGHWLF 'DWXPV� *HRGHWLF SDUDPHWHUV DUH XVHG

LQ ERWK LQSXW DQG RXWSXW PHVVDJHV� 7KH UHFHLYHU

UHSRUWV SRVLWLRQ DV D VHW RI JHRGHWLF SDUDPHWHUV

�ODWLWXGH� ORQJLWXGH� DQG DOWLWXGH� LQ WKH *HRGHWLF

3RVLWLRQ 6WDWXV 2XWSXW PHVVDJH �ELQDU\ 0HVVDJH ������

*HRGHWLF SDUDPHWHUV DUH DOVR UHSRUWHG LQ WKH *36 )L[

'DWD PHVVDJH �10($ 0HVVDJH **$�� ZLWK WKH

VXEVWLWXWLRQ RI 0HDQ 6HD /HYHO �06/� DOWLWXGH IRU

JHRGHWLF DOWLWXGH� DQG LQ WKH 5HFRPPHQGHG 0LQLPXP

6SHFLILF *36 'DWD PHVVDJH �10($ 0HVVDJH 50&� DV

ODWLWXGH DQG ORQJLWXGH� 7KH UHFHLYHU H[SHFWV JHRGHWLF

SDUDPHWHUV DV SDUW RI WKH *HRGHWLF 3RVLWLRQ DQG

9HORFLW\ ,QLWLDOL]DWLRQ LQSXW PHVVDJH �ELQDU\ 0HVVDJH

������

:KHWKHU JHRGHWLF SDUDPHWHUV DUH XVHG DV LQSXW RU

RXWSXW GDWD� WKH\ DUH DOZD\V UHIHUHQFHG WR WKH FXUUHQWO\

VHOHFWHG JHRGHWLF GDWXP� (DFK JHRGHWLF GDWXP LV

GHILQHG E\ ILYH SDUDPHWHUV�

• 7KH VHPL�PDMRU D[LV

• )ODWWHQLQJ RI WKH UHIHUHQFH HOOLSVRLG
• 'HOWD ; FRPSRQHQW RI WKH :*6��� GDWXP RULJLQ

RIIVHW�

• 'HOWD < FRPSRQHQW RI WKH :*6��� GDWXP RULJLQ

RIIVHW�

• 'HOWD = FRPSRQHQW RI WKH :*6��� GDWXP RULJLQ

RIIVHW�

7KH UHFHLYHU KDV ��� SUH�GHILQHG XVHU GDWXPV

VHOHFWDEOH E\ WKH 2(0� 7KHVH GDWXPV� WRJHWKHU ZLWK

WKHLU LGHQWLILFDWLRQ FRGHV� DUH OLVWHG LQ $SSHQGL[ ( RI

WKLV 'HVLJQHU·V *XLGH� $OO RI WKH SUH�GHILQHG GDWXPV

DUH WDNHQ IURP WKH 8�6� *RYHUQPHQW GRFXPHQW�

'HSDUWPHQW RI 'HIHQVH :RUOG *HRGHWLF 6\VWHP �����

������� 8VHU 6HOHFWLRQ RI *HRGHWLF 'DWXPV�7KH

GHIDXOW GDWXP LV :*6��� �GHILQHG DV GDWXP FRGH ]HUR

IRU WKH UHFHLYHU�� 2WKHU GDWXPV DUH VHOHFWHG XVLQJ WKH

0DS 'DWXP 6HOHFW PHVVDJH �ELQDU\ 0HVVDJH ������ 7KH

VHOHFWHG FRGH LV UHSRUWHG EDFN LQ WKH SRVLWLRQ VWDWXV

RXWSXW PHVVDJH ���� RU �����

)RU H[DPSOH� LI WKH UHFHLYHU ZDV LQ &RQH[DQW ELQDU\

PRGH DQG WKH 2(0 ZDQWHG WR XVH D SUHYLRXVO\

UHFRUGHG SRVLWLRQ WR LQLWLDOL]H WKH UHFHLYHU� DQG WKHQ JHW

UHSRUWHG SRVLWLRQV LQ :*6���� WKH 2(0 ZRXOG VHQG

WKUHH PHVVDJHV WR WKH UHFHLYHU DV IROORZV�

�� 6HQG D 0DS 'DWXP 6HOHFW PHVVDJH �ELQDU\

0HVVDJH ����� ZLWK WKH GHVLUHG GDWXP FRGH �WKH

QHZ GDWXP FRGH LV UHSRUWHG EDFN LQ 0HVVDJH

���� DQG�RU ���� LI HLWKHU RU ERWK PHVVDJHV

KDYH EHHQ HQDEOHG��
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�� 6HQG D *HRGHWLF 3RVLWLRQ DQG 9HORFLW\

,QLWLDOL]DWLRQ PHVVDJH �ELQDU\ 0HVVDJH �����

ZLWK WKH FRUUHFW ODWLWXGH� ORQJLWXGH� DQG DOWLWXGH�

�� )LQDOO\� VHQG DQRWKHU 0HVVDJH ���� ZLWK WKH

GDWXP FRGH � WR VHW WKH GDWXP EDFN WR :*6����

7KH VHOHFWHG GDWXP LV DOZD\V VWRUHG LQ ((3520� VR

WKDW LW LV VDYHG GXULQJ SRZHU�RII DQG UHVHW F\FOHV�

7KH &RQH[DQW ELQDU\ 0DS 'DWXP 6HOHFW PHVVDJH PXVW

EH XVHG WR FKDQJH WKH JHRGHWLF GDWXP� WKH GDWXP

FDQQRW EH FKDQJHG ZKHQ LQ 10($ PRGH� 10($

RXWSXWV ZLOO XVH WKH ODVW GDWXP VHOHFWHG LQ ELQDU\ PRGH

RU :*6��� LI D GDWXP VHOHFWLRQ KDV QHYHU EHHQ PDGH�

������� 8VHU 'HILQHG 'DWXPV� %HVLGHV WKH ��� SUH�

GHILQHG GDWXPV� WKH 2(0 FDQ GHILQH ILYH FXVWRP

GDWXPV IRU D VSHFLILF DSSOLFDWLRQ� (DFK GDWXP LV

GHILQHG E\ WKH ILYH SDUDPHWHUV GHVFULEHG LQ VHFWLRQ

����� DQG WKH QHZ GDWXP GHILQLWLRQ LV VHQW WR WKH

UHFHLYHU XVLQJ WKH 8VHU�'HILQHG 'DWXP 'HILQLWLRQ

PHVVDJH �ELQDU\ 0HVVDJH ������

7KHUH DUH ILYH FXVWRP GDWXP FRGHV WR FKRRVH IURP�

��� WR ���� $OO XVHU�GHILQHG GDWXPV DUH VWRUHG LQ

((3520� 2QFH WKH GDWXP LV VWRUHG� LW LV VHOHFWHG

XVLQJ WKH &RQH[DQW ELQDU\ 0DS 'DWXP 6HOHFW PHVVDJH

LQ WKH VDPH PDQQHU DV WKH SUH�GHILQHG GDWXPV� ,I D

FXVWRP GDWXP LV VWRUHG DQG ODWHU UH�GHILQHG� WKH

H[LVWLQJ GDWXP ZLOO EH RYHUZULWWHQ�

����� 3ODWIRUP &ODVV� 7KH =RGLDF *36 UHFHLYHU

VXSSRUWV WKUHH SODWIRUP FODVVHV�

• 3HGHVWULDQ �ORZ G\QDPLFV�

• $XWRPRWLYH �PHGLXP G\QDPLFV�

• $LUFUDIW �KLJK G\QDPLFV�

7KH SODWIRUP FODVV LV VHW E\ WKH 2(0 WR RSWLPL]H

QDYLJDWLRQ SURFHVVLQJ IRU WKH G\QDPLFV RI WKH VSHFLILF

SODWIRUP WKDW LV FDUU\LQJ WKH UHFHLYHU� 7KH FODVV LV XVHG

WR VHW SURFHVV QRLVH SDUDPHWHUV� YHORFLW\ GHFD\ WLPH

FRQVWDQWV� DQG VSHHG DQG DOWLWXGH OLPLWV�

7KH GHIDXOW SODWIRUP FODVV LV DXWRPRWLYH� 7KH 2(0

VHWV WKH SODWIRUP FODVV XVLQJ WKH $SSOLFDWLRQ 3ODWIRUP

&RQWURO PHVVDJH �ELQDU\ 0HVVDJH ������ 7KH SODWIRUP

FODVV LV VWRUHG LQ ((3520� VR LW LV UHWDLQHG ZKHQ

SRZHU LV WXUQHG RII�

������� 3HGHVWULDQ� 7KLV SODWIRUP FODVV LV XVHG ZKHQ

WKH UHFHLYHU LV PRELOH LQ D ORZ G\QDPLF HQYLURQPHQW�

$Q H[DPSOH ZRXOG EH D KDQGKHOG *36 UHFHLYHU XVHG

IRU KLNLQJ�

������� $XWRPRWLYH� 7KLV SODWIRUP FODVV LV IRU

PRGHUDWH G\QDPLF HQYLURQPHQWV ZKHUH DOWLWXGH LV QRW

FRQVWDQW� $ FRPPRQ H[DPSOH ZRXOG EH D FDU RU WUXFN�

DOWKRXJK PRWRUF\FOHV DQG WRXULQJ ELF\FOHV DOVR IDOO LQWR

WKLV FDWHJRU\�

������� $LUFUDIW� 7KLV SODWIRUP FODVV LV IRU KLJK G\QDPLF

HQYLURQPHQWV ZKHUH DOWLWXGH PD\ FKDQJH UDSLGO\�

([DPSOHV DUH DLUSODQHV DQG KHOLFRSWHUV�

����� 1DYLJDWLRQ &\FOH� 7KH QDYLJDWLRQ VRIWZDUH

QRPLQDOO\ H[HFXWHV RQFH SHU VHFRQG� 'XULQJ HDFK

H[HFXWLRQ� WKH QDYLJDWLRQ VWDWH LV SURSDJDWHG IRUZDUG LQ

WLPH WR WKH FXUUHQW WLPH DQG XSGDWHG ZLWK DQ\ DYDLODEOH

PHDVXUHPHQWV� 7KH QDYLJDWLRQ VROXWLRQ LV WKHQ

SURYLGHG WR WKH VHULDO LQWHUIDFH IRU RXWSXW LQ WKH

VHOHFWHG PHVVDJH VHW �HLWKHU &RQH[DQW ELQDU\ RU

10($��

������� 6WDWH 3URSDJDWLRQ�8VHU VWDWH SURSDJDWLRQ RYHU

WKH PHDVXUHPHQW XSGDWH LQWHUYDO� QRPLQDOO\ RQH

VHFRQG� LV E\ GHDG UHFNRQLQJ ZLWK FRQVWDQW WDQJHQW

SODQH YHORFLW\� 7KH WDQJHQW SODQH LV GHILQHG E\ WKH

FXUUHQW SRVLWLRQ DQG WKH VHOHFWHG GDWXP� 7KLV PHDQV

WKDW LI WKH YHUWLFDO YHORFLW\ LV ]HUR� WKH VWDWH SURSDJDWLRQ

ZLOO EH DW FRQVWDQW DOWLWXGH LQ WKH XVHU�VHOHFWHG GDWXP�

)RU 3HGHVWULDQ� $XWRPRWLYH� DQG $LUFUDIW SODWIRUPV�

XVHU VWDWH SURSDJDWLRQ LV LQ WKUHH GLPHQVLRQV�

2QFH WKH UHFHLYHU KDV EHHQ QDYLJDWLQJ DQG D YHORFLW\

KDV EHHQ HVWDEOLVKHG E\ WKH .DOPDQ ILOWHU� LW ZLOO EH

XVHG WR SURSDJDWH WKH VWDWH IRUZDUG LQ WKH DEVHQFH RI

IXUWKHU PHDVXUHPHQWV IRU D OLPLWHG WLPH SHULRG� XQWLO

WKH HVWLPDWHG HUURUV LQ WKH SURSDJDWHG YHORFLW\ KDYH

UHDFKHG FHUWDLQ OLPLWV� 2QFH WKHVH OLPLWV DUH UHDFKHG�

WKH YHORFLW\ HVWLPDWH LV FRQVLGHUHG OHVV UHOLDEOH DQG LV

GHFD\HG H[SRQHQWLDOO\ ZLWK SODWIRUP FODVV GHSHQGHQW

WLPH FRQVWDQWV�

������� 0HDVXUHPHQW 3URFHVVLQJ�2QFH IRXU

VDWHOOLWHV DUH DYDLODEOH DERYH WKH HOHYDWLRQ PDVN DQJOH

ZLWK HSKHPHULV GDWD DQG VXIILFLHQWO\ JRRG JHRPHWU\�

WKH .DOPDQ ILOWHU EHJLQV WR SURFHVV WKH PHDVXUHPHQWV�

7KH .DOPDQ ILOWHU SURFHVVHV WZR PHDVXUHPHQWV IRU

HDFK VDWHOOLWH� WKH LQWHJUDWHG FDUULHU SKDVH PHDVXUHPHQW

�DOVR NQRZQ DV FDUULHU�VPRRWKHG SVHXGR�UDQJH� DQG WKH

GRSSOHU� RU UDQJH UDWH� PHDVXUHPHQW�

������� $OWLWXGH 3URFHVVLQJ� 7KH UHFHLYHU XVHV DOWLWXGH

DLGLQJ LI D VRXUFH LV DYDLODEOH DQG WKH ([SHFWHG 9HUWLFDO

3RVLWLRQ (UURU �(93(� H[FHHGV D WKUHVKROG� 7KH

VRXUFHV DYDLODEOH IRU DLGLQJ� LQ WKH RUGHU RI SUHIHUHQFH

IRU XVH� DUH�

�� 8VHU�(QWHUHG $OWLWXGH�

�� +HOG $OWLWXGH�
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���� &RQH[DQW 6\VWHPV� ,QF� 3DJH ���

�� 520 $OWLWXGH �$FTXLVLWLRQ 2QO\��

8VHU�(QWHUHG $OWLWXGH� 7KH 8VHU�(QWHUHG $OWLWXGH

,QSXW PHVVDJH �ELQDU\ 0HVVDJH ����� LV XVHG WR VXSSO\

DQ DOWLWXGH WR WKH UHFHLYHU� 7KH DOWLWXGH FDQ EH VSHFLILHG

DV LQVWDQWDQHRXV� YDOLG XQWLO FOHDUHG IURP 5$0� RU YDOLG

XQWLO FOHDUHG IURP ((3520�

,QVWDQWDQHRXV DOWLWXGH LV YDOLG IRU RQH QDYLJDWLRQ F\FOH

RQO\� 7KLV DOWLWXGH LQSXW W\SH LV XVHG ZKHQ WKHUH LV D

FRQWLQXRXV VRXUFH RI H[WHUQDO DOWLWXGH GDWD�

+HOG $OWLWXGH�+HOG DOWLWXGH LV VWRUHG LQ WKH UHFHLYHU

ZKHQ WKH QDYLJDWLRQ VROXWLRQ LV YDOLG� 7KH KHOG DOWLWXGH

LV VWRUHG ZLWK D YDULDQFH WKDW JURZV IURP WKH ODVW WLPH LW

ZDV XSGDWHG WR UHIOHFW WKH DJH DQG JURZLQJ XQFHUWDLQW\

RI WKH DOWLWXGH HVWLPDWH�

8VH RI KHOG DOWLWXGH LV QRUPDOO\ D VLJQLILFDQW

SHUIRUPDQFH ERRVW LQ DQ XUEDQ HQYLURQPHQW ZLWK KHDY\

EORFNDJH DQG LW LV HQDEOHG E\ GHIDXOW� $ KHOG DOWLWXGH

YDOXH LV GLVFDUGHG LI WKH HVWLPDWHG FOLPE UDWH PDJQLWXGH

H[FHHGV � P�VHF� 7KH 2(0 FDQ GLVDEOH WKH XVH RI KHOG

DOWLWXGH XVLQJ WKH 1DY &RQILJXUDWLRQ PHVVDJH �ELQDU\

0HVVDJH ������

������� 3RVLWLRQ 3LQQLQJ�:KHQ WKH UHFHLYHU LV QRW

XVLQJ '*36� VDWHOOLWH PHDVXUHPHQWV LQFOXGH WLPH

YDU\LQJ UDQJH HUURUV� 7KHVH HUURUV LQGXFH YHORFLWLHV LQ

WKH UHFHLYHU·V VWDWH HVWLPDWH HYHQ LI WKH UHFHLYHU LV

PRWLRQOHVV� 7KH PDJQLWXGH RI WKHVH YHORFLWLHV GHSHQGV

RQ WKH JHRPHWU\ DQG QXPEHU RI VDWHOOLWHV LQ WUDFN�

7\SLFDO YDOXHV DUH EHWZHHQ RQH�KDOI DQG WZR PHWHUV SHU

VHFRQG� 7KH SRVLWLRQ HVWLPDWH RI WKH UHFHLYHU ZLOO

ZDQGHU DURXQG LQVLGH D FLUFOH RI DSSUR[LPDWHO\ ���

PHWHUV �WKH ��'UPV SRVLWLRQ HUURU VSHFLILHG LQ WKH*36

636 6LJQDO 6SHFLILFDWLRQ��

7KLV ZDQGHULQJ RI WKH SRVLWLRQ HVWLPDWH ZKLOH WKH

UHFHLYHU LV VWDWLF LV XQGHVLUDEOH IRU XVHUV ZKR GLVSOD\

WKHLU SRVLWLRQ RQ D PDS RU IRU WKRVH ZLWK VLPLODU

DSSOLFDWLRQV� 7KH UHFHLYHU·V SURSULHWDU\ QDYLJDWLRQ

VRIWZDUH LV FDSDEOH RI ´SLQQLQJµ WKH SRVLWLRQ RXWSXW

ZKHQ WKH HVWLPDWHG YHORFLW\ LV ORZ DQG WKH QDYLJDWLRQ

VROXWLRQ LV RI JRRG TXDOLW\� 7KLV SUHYHQWV WKH ZDQGHULQJ

EHKDYLRU RI WKH VROXWLRQ LQ VWDWLF VLWXDWLRQV� EXW

LQWURGXFHV VRPH ULVN WKDW DFWXDO SODWIRUP PRWLRQ ZLOO

EH PLVWDNHQ IRU 6$ LQGXFHG ZDQGHULQJ�

%\ GHIDXOW� WKH SRVLWLRQ SLQQLQJ IHDWXUH RI WKH =RGLDF

*36 UHFHLYHU LV HQDEOHG� 7KH 2(0 FDQ WXUQ LW RII

XVLQJ WKH 1DY &RQILJXUDWLRQ PHVVDJH �ELQDU\ 0HVVDJH

������ 8VHUV ZKR H[SHFW WR VHH WKH HIIHFWV RI 6$ LQ

WKHLU VROXWLRQV VKRXOG WXUQ LW RII WR SUHYHQW WKH

SRVVLELOLW\ RI PLVWDNLQJ SODWIRUP PRWLRQ DV 6$ ZDQGHU�

7KH FRQILJXUDWLRQ ZRUG ZKLFK FRQWUROV WKLV IHDWXUH LV

VWRUHG LQ ((3520 DQG WKH XVHU VHWWLQJ ZLOO EH

UHWDLQHG WKURXJK SRZHU�RII DQG UHVHW F\FOHV�

������� *URXQG 7UDFN 6PRRWKLQJ�:LWKRXW WKH XVH RI

'*36� VDWHOOLWH PHDVXUHPHQWV DUH FRUUXSWHG E\ 6$ DQG

GR QRW JHQHUDWH D FRQVLVWHQW HVWLPDWH IRU UHFHLYHU

SRVLWLRQ� 7\SLFDO UDQJH HUURUV DUH RQ WKH RUGHU RI ��

PHWHUV� 7KH UHFHLYHU SURFHVVHV DOO VDWHOOLWHV DERYH WKH

PDVN DQJOH WR PLQLPL]H WKH HIIHFWV RI WKH UDQJH HUURU�

&KDQJHV RFFXU LQ WKH VHW RI VDWHOOLWHV EHLQJ SURFHVVHG

EHFDXVH RI EORFNDJH� DQG WKH ULVLQJ DQG VHWWLQJ RI

VDWHOOLWHV� :KHQ D FKDQJH RFFXUV� WKH SRVLWLRQ HVWLPDWH

IRUPHG IURP DYHUDJLQJ WKHVH HUURUV LV VKLIWHG� 7KHVH

VKLIWV FDQ EH VXEVWDQWLDO� W\SLFDOO\ �� WR �� PHWHUV� EXW

XS WR ��� RU PRUH LQ EDG JHRPHWU\�

7KH UHFHLYHU KDV D SURSULHWDU\ FRPSHQVDWLRQ WHFKQLTXH

IRU WKHVH FRQVWHOODWLRQ VZLWFK HIIHFWV ZKLFK PDLQWDLQV D

VPRRWK HVWLPDWH RI WKH SODWIRUP·V JURXQGWUDFN DQG

DOWLWXGH� 7KLV VPRRWKLQJ LV DFFRPSOLVKHG ZLWKRXW DQ\

ORVV RI G\QDPLF UHVSRQVH�

+RZHYHU� WKLV PHWKRG LV QRW UHTXLUHG DQG LV

DXWRPDWLFDOO\ GLVDEOHG ZKHQ '*36 LV DYDLODEOH�

:LWKRXW '*36� WKH PHWKRG LV HQDEOHG E\ GHIDXOW� 0RVW

XVHUV VKRXOG OHDYH LW HQDEOHG� 2QH UHDVRQ IRU GLVDEOLQJ

LW ZRXOG EH WR FRPSDUH WKH VROXWLRQ ZLWK D SRLQW

VROXWLRQ IURP DQRWKHU UHFHLYHU RU D VROXWLRQ FDOFXODWHG

RII�OLQH�

*URXQG WUDFN VPRRWKLQJ FDQ EH GLVDEOHG XVLQJ WKH 1DY

&RQILJXUDWLRQ PHVVDJH �ELQDU\ 0HVVDJH ������ 7KH

FRQILJXUDWLRQ ZRUG LV VWRUHG LQ ((3520� VR WKH

VHWWLQJ IRU JURXQGWUDFN VPRRWKLQJ ZLOO EH UHWDLQHG

WKURXJK SRZHU�RII DQG UHVHW F\FOHV�

����� 6ROXWLRQ 9DOLGLW\� 7KH YDOLGLW\ RI QDYLJDWLRQ

VROXWLRQ RXWSXWV LV GHWHUPLQHG E\ XVHU�GHILQHG FULWHULD�

7KH 2(0 FDQ VSHFLI\ ZKLFK FULWHULD WR DSSO\ IRU WKH

SDUWLFXODU DSSOLFDWLRQ� 7KHUH DUH ILYH SRVVLEOH FULWHULD

XVHG WR YDOLGDWH D VROXWLRQ�

�� :DV DQ DOWLWXGH PHDVXUHPHQW XVHG"

�� :DV '*36 XVHG"

�� +RZ PDQ\ VDWHOOLWH PHDVXUHPHQWV ZHUH XVHG"

�� :KDW LV WKH ([SHFWHG +RUL]RQWDO 3RVLWLRQ (UURU

�(+3(�"

�� :KDW LV WKH ([SHFWHG 9HUWLFDO 3RVLWLRQ (UURU

�(93(�"

7KH 2(0 FDQQRW FKDQJH WKH YDOLGLW\ FULWHULD LQ 10($

PRGH� 7KHVH FULWHULD FDQ EH VHW XVLQJ RQO\ WKH ELQDU\

6ROXWLRQ 9DOLGLW\ &ULWHULD PHVVDJH �0HVVDJH ����� DQG

WKH\ DUH UHWDLQHG WKURXJK SRZHU�RII DQG UHVHW F\FOHV LQ

((3520�
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������� $OWLWXGH 0HDVXUHPHQW 9DOLGLW\ &ULWHULRQ�

7KH DOWLWXGH PHDVXUHPHQW YDOLGLW\ FULWHULRQ DOORZV WKH

2(0 WR VSHFLI\ LI VROXWLRQV WKDW PDNH XVH RI DQ

DOWLWXGH PHDVXUHPHQW VKRXOG EH PDUNHG YDOLG� $OWLWXGH

LV QRW XVHG LQ WKH VROXWLRQ XQOHVV LW LV QHFHVVDU\ EHFDXVH

RI GHWHULRUDWLQJ (93( RU XQWUDFNHG VDWHOOLWHV� :KHQ LW

LV UHTXLUHG� WKH 2(0 PD\ ZLVK WKLV WR EH DQ LQGLFDWLRQ

WKDW WKH VROXWLRQ LV LQYDOLG IRU SXUSRVHV RI WKH VSHFLILF

DSSOLFDWLRQ� 7KH GHIDXOW LV WKDW VROXWLRQV XVLQJ DOWLWXGH

PHDVXUHPHQWV PD\ EH PDUNHG YDOLG�

������� '*36 8VHG 9DOLGLW\ &ULWHULRQ� 7KH '*36

XVHG YDOLGLW\ FULWHULRQ LQGLFDWHV DQ LQYDOLG QDYLJDWLRQ

VROXWLRQ LI '*36 LV XQDYDLODEOH DIWHU LW KDV EHHQ

UHTXLUHG� 7KH V\VWHP GHIDXOW LV WKDW '*36 LV QRW

UHTXLUHG IRU D YDOLG VROXWLRQ�

������� 1XPEHU RI 6DWHOOLWHV 8VHG 9DOLGLW\

&ULWHULRQ� 7KH QXPEHU RI VDWHOOLWHV XVHG YDOLGLW\

FULWHULRQ LQGLFDWHV DQ LQYDOLG QDYLJDWLRQ VROXWLRQ LI WKH

PLQLPXP QXPEHU RI VDWHOOLWHV UHTXLUHG WR EH LQ WKH

VROXWLRQ LV QRW PHW� 7KH GHIDXOW IRU WKLV WHVW LV ]HUR�

$ VROXWLRQ PD\ EH UHSRUWHG DV YDOLG ZLWK QR

PHDVXUHPHQWV XVHG VR ORQJ DV WKH (+3( DQG (93(

FULWHULD SDVV DQG D .DOPDQ ILOWHU VROXWLRQ KDV EHHQ

SUHYLRXVO\ FRPSXWHG� 7KH UHDVRQ WKH GHIDXOW LV VHW WR

]HUR LV WR DOORZ WKH UHFHLYHU WR FRDVW WKURXJK EULHI

RXWDJHV ZLWKRXW GHFODULQJ WKH VROXWLRQ LQYDOLG �H�J�� IRU

H[DPSOH� XQGHU D IUHHZD\ RYHUSDVV��

,I WKH PHDVXUHPHQWV DUH ORVW IRU D ORQJ WLPH� WKH (+3(

DQG (93( ZLOO JURZ XQWLO WKH\ VXUSDVV WKHLU WKUHVKROGV

DQG WKH VROXWLRQ IDLOV WKH YDOLGLW\ WHVW IRU WKDW UHDVRQ�

6RPH DSSOLFDWLRQV UHTXLUH D VROXWLRQ WR EH PDUNHG

LQYDOLG XQOHVV LW XVHV WKUHH� IRXU� RU PRUH VDWHOOLWHV� 7KH

2(0 FDQ VHW DQ\ RI WKHVH WKUHVKROGV E\ VHQGLQJ D

ELQDU\ 6ROXWLRQ 9DOLGLW\ &ULWHULD PHVVDJH �0HVVDJH

����� ZLWK WKH QXPEHU RI VDWHOOLWHV UHTXLUHG�

�������� 0D[LPXP (+3( 9DOLGLW\ &ULWHULRQ�7KH

(+3( LV WKH RQH VLJPD KRUL]RQWDO SRVLWLRQ HUURU

HVWLPDWH IRU WKH VROXWLRQ� 7KH YDOLGLW\ FULWHULRQ GHIDXOW

LV �� PHWHUV� 7KH PHDQLQJ RI WKH UHSRUWHG (+3(

GHSHQGV RQ ZKHWKHU RU QRW '*36 LV LQ XVH� ,I '*36 LV

LQ XVH WKH (+3( LV WKH HVWLPDWHG RQH�VLJPD HUURU LQ

DEVROXWH SRVLWLRQ DFFXUDF\� :KHQ '*36 LV QRW LQ XVH�

WKH (+3( DQG (93( DUH UHSRUWHG ZLWK WKH HIIHFWV RI

WKH VDWHOOLWH 8VHU (TXLYDOHQW 5DQJH (UURU �8(5(�

H[FOXGHG� 7KLV H[FOXGHV 6$ LQGXFHG HUURU IURP WKH

(+3( DQG (93(�

6R LQ 636 QDYLJDWLRQ� WKH (+3( DQG (93( VHUYH DV

FRQYHUJHQFH LQGLFDWRUV IRU WKH .DOPDQ ILOWHU� QRW DV

DEVROXWH DFFXUDF\ OLPLWV IRU WKH UHSRUWHG SRVLWLRQ� 7KH

(+3( YDOLGLW\ WKUHVKROG FDQ EH VHW E\ WKH 2(0 LQ WKH

ELQDU\ 6ROXWLRQ 9DOLGLW\ &ULWHULD PHVVDJH �0HVVDJH

������

������� 0D[LPXP (93( 9DOLGLW\ &ULWHULRQ�7KH

(93( LV WKH RQH VLJPD YHUWLFDO SRVLWLRQ HUURU HVWLPDWH

IRU WKH VROXWLRQ� 7KH GHIDXOW LV �� PHWHUV� 7KH

RSHUDWLRQ DQG PHDQLQJ RI WKLV FULWHULRQ LV DQDORJRXV WR

WKH (+3( FULWHULRQ LQ VHFWLRQ �������� 7KH WKUHVKROG

FDQ EH VHW LQ WKH ELQDU\ 6ROXWLRQ 9DOLGLW\ &ULWHULD

PHVVDJH �0HVVDJH ������

����� 0HDQ 6HD /HYHO �06/�� 06/ LV D JHRLG� RU D

VXUIDFH RI HTXDO JUDYLWDWLRQDO SRWHQWLDO� 7KH KHLJKW RI

WKH 06/ JHRLG DERYH RU EHORZ WKH UHIHUHQFH HOOLSVRLG

�:*6��� E\ GHIDXOW� LV FDOOHG WKH JHRLGDO VHSDUDWLRQ� $

SRVLWLYH JHRLGDO VHSDUDWLRQ PHDQV WKDW WKH JHRLG LV

DERYH WKH HOOLSVRLG�

9DOXHV IRU WKH JHRLGDO VHSDUDWLRQ DUH FRPSXWHG DW DQ\

UHFHLYHU SRVLWLRQ E\ LQWHUSRODWLQJ RQ WKH WDEOH RI

JHRLGDO VHSDUDWLRQ YDOXHV SURYLGHG LQ WKH 8�6�

*RYHUQPHQW GRFXPHQW�'HSDUWPHQW RI 'HIHQVH :RUOG

*HRGHWLF 6\VWHP �����

$OWLWXGH RU KHLJKW FRPSXWDWLRQ LV UHIHUHQFHG WR WKH

HOOLSVRLG �:*6��� E\ GHIDXOW� DQG LV UHIHUUHG WR DV

JHRGHWLF DOWLWXGH� $OWLWXGH UHIHUHQFHG WR WKH JHRLG

�XVXDOO\ UHIHUUHG WR DV DOWLWXGH 06/� FDQ EH FRPSXWHG

DV WKH JHRGHWLF DOWLWXGH PLQXV WKH JHRLG VHSDUDWLRQ�

����� 0DJQHWLF 9DULDWLRQ� 7KH PDJQHWLF YDULDWLRQ

PRGHO XVHG LQ WKH UHFHLYHU LV GHULYHG IURP WKH IXOO

,QWHUQDWLRQDO *HRPDJQHWLF 5HIHUHQFH )LHOG �,*5)� ��

PDJQHWLF PRGHO� 'RFXPHQWDWLRQ� WDEXODU GDWD� DQG WHVW

SURJUDPV IRU WKH ,*5) �� PDJQHWLF PRGHO FDQ EH

REWDLQHG IURP WKH 1DWLRQDO 2FHDQLF DQG $WPRVSKHULF

$GPLQLVWUDWLRQ �12$$� 1DWLRQDO *HRSK\VLFDO 'DWD

&HQWHU �1*'&� ZHE VLWH �KWWS���MXOLXV�QJGF�QRDD�JRY�

VHJ�SRWIOG�JHRPDJ�KWPO��

7KH PDJQHWLF YDULDWLRQ LV XVHG WR FRQYHUW WUXH KHDGLQJ

WR PDJQHWLF KHDGLQJ� ,W LV RXWSXW LQ ELQDU\ 0HVVDJH

����� 7R FRQYHUW WKH WUXH FRXUVH SURYLGHG LQ ELQDU\

0HVVDJH ���� WR PDJQHWLF KHDGLQJ� WKH PDJQHWLF

YDULDWLRQ LV DGGHG WR WKH WUXH FRXUVH�
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7KLV VHFWLRQ GHVFULEHV WKH VXSSRUW IXQFWLRQV RI WKH

*36 UHFHLYHU�

����� 6HULDO &RPPXQLFDWLRQ ,QWHUIDFHV� =RGLDF *36

UHFHLYHUV SURYLGH WZR EL�GLUHFWLRQDO VHULDO

FRPPXQLFDWLRQ LQWHUIDFHV� WKH +RVW DQG $X[LOLDU\

SRUWV� 0RUH LQIRUPDWLRQ RQ WKHVH LQWHUIDFHV LV SURYLGHG

LQ 6HFWLRQ � RI WKLV 'HVLJQHU·V *XLGH�

������� 7KH +RVW 3RUW� 7KH +RVW SRUW LV WKH SULPDU\

LQWHUIDFH WR WKH FRQWUROOLQJ DSSOLFDWLRQ DQG SURYLGHV DOO

WKH VHUYLFHV IRU LQLWLDOL]LQJ DQG FRQILJXULQJ WKH V\VWHP

DV ZHOO DV IRU WKH UHSRUWLQJ RI WKH QDYLJDWLRQ VROXWLRQ

DQG UHFHLYHU VWDWXV�

%\ GHIDXOW� WKH +RVW SRUW LV FRQILJXUHG IRU ���� EDXG�

QR SDULW\� � GDWD ELWV� DQG � VWRS ELW� 7KH &RQH[DQW

ELQDU\ FRPPXQLFDWLRQV SURWRFRO LV WKH GHIDXOW VHOHFWLRQ

IRU WKH +RVW SRUW�

7KH GHIDXOW VHWWLQJV �FRQILJXUDWLRQ DQG SURWRFRO� FDQ EH

RYHUULGGHQ ZLWK WKH XVH RI WKH 10($ 6HOHFW FRQWURO

OLQH RI WKH LQWHUIDFH� :KHQ WKLV OLQH LV DVVHUWHG� WKH

FRQILJXUDWLRQ GHIDXOWV WR ���� EDXG� QR SDULW\� � GDWD

ELWV� DQG � VWRS ELW� DQG WKH FRPPXQLFDWLRQV SURWRFRO

GHIDXOWV WR 10($� 1RWH WKDW WKH 10($ 6HOHFW OLQH

ZLOO RYHUULGH DQ\ SUHYLRXVO\ VWRUHG VHOHFWLRQV IRU WKH

+RVW SRUW FRQILJXUDWLRQ DQG FRPPXQLFDWLRQ VHWWLQJV�

:KLOH XVLQJ WKH &RQH[DQW ELQDU\ FRPPXQLFDWLRQV

SURWRFRO RQ WKH +RVW SRUW� D QXPEHU RI DSSOLFDWLRQ

VSHFLILF SDUDPHWHUV FDQ EH FRQILJXUHG WR FXVWRPL]H WKH

UHFHLYHU IRU D VSHFLILF DSSOLFDWLRQ� 7KH DELOLW\ WR IUHHO\

VZLWFK EHWZHHQ &RQH[DQW ELQDU\ DQG 10($ PRGHV

SURYLGHV IXOO FDSDELOLW\ WR DOO XVHUV�

+RVW SRUW RXWSXW PHVVDJHV FDQ EH FRQILJXUHG XVLQJ WKH

ORJ FRQWURO PHVVDJHV VXSSRUWHG LQ ERWK &RQH[DQW

ELQDU\ DQG 10($ PHVVDJH SURWRFROV� &KDQJHV WR WKH

SRUW FRQILJXUDWLRQ VHWWLQJV� FRPPXQLFDWLRQV SURWRFRO�

DQG PHVVDJH FRQWUROV DUH VWRUHG LQ QRQ�YRODWLOH

((3520�

������� 7KH $X[LOLDU\ 3RUW� 7KH $X[LOLDU\ SRUW LV XVHG

H[FOXVLYHO\ IRU WKH UHFHLSW RI GLIIHUHQWLDO FRUUHFWLRQV LQ

57&0 6&���� VHULDO PHVVDJH IRUPDW�

%\ GHIDXOW� WKH $X[LOLDU\ SRUW LV FRQILJXUHG IRU ����

EDXG� QR SDULW\� � GDWD ELWV� DQG � VWRS ELW�

����� ((3520 6HUYLFHV� 7KH ((3520 VHUYLFHV

SURYLGH IRU WKH QRQ�YRODWLOH VWRUDJH DQG UHWULHYDO RI

V\VWHP FRQILJXUDWLRQ SDUDPHWHUV DQG GDWD WKDW YDU\

VRPHZKDW E\ WLPH EXW DUH� LQ JHQHUDO� IDLUO\ FRQVWDQW IRU

VKRUW SHULRGV RI WLPH �ZHHNV��

7KH FRQILJXUDWLRQ DQG RSHUDWLRQDO GDWD VWRUHG LQ

((3520 LV RQO\ UHDG GXULQJ V\VWHP LQWLDOL]DWLRQ LI WKH

FRPSOLPHQWDU\ 65$0 GDWD LV LQYDOLG� :KHQ GDWD LV

VWRUHG LQ ((3520� D FKHFNVXP LV VWRUHG ZLWK LW WR

YDOLGDWH WKH GDWD ZKHQ LW LV UHDG� ,I WKH GDWD UHDG IURP

((3520 GXULQJ LQLWLDOL]DWLRQ LV LQYDOLG� GHIDXOW YDOXHV

IURP 520 ZLOO EH XVHG WR LQLWLDOL]H WKH V\VWHP�

((3520 GDWD EORFNV DUH XSGDWHG�UHIUHVKHG ZKHQ WKH

FRUUHVSRQGLQJ V\VWHP GDWD FKDQJHV VLJQLILFDQWO\� 7KH

TXDOLILFDWLRQ RI D VLJQLILFDQW FKDQJH YDULHV IRU HDFK GDWD

EORFN� ,Q WKH FDVH RI XVHU FRQILJXUDEOH GDWD LWHPV

�GDWXP VHOHFWLRQ� XVHU�GHILQHG GDWXPV� SODWIRUP FODVV�

FRPPXQLFDWLRQ SDUDPHWHUV� HWF��� VLPSO\ UHFHLYLQJ QHZ

LQSXWV LV DOO WKDW LV UHTXLUHG IRU WKH GDWD WR EH UHIUHVKHG

LQ WKH ((3520�

,Q WKH FDVH RI VORZO\ FKDQJLQJ GDWD �SRVLWLRQ� DOPDQDF�

IUHTXHQF\ VWDQGDUG GDWD� HWF��� DGGLWLRQDO FRQVWUDLQWV RI

GLVWDQFH PRYHG� FKDQJH LQ YDOXH� DQG�RU HODSVHG WLPH

DUH LPSRVHG RQ WKH ((3520 XSGDWH�

7KH YDULRXV SDUDPHWHUV DQG GDWD PDLQWDLQHG LQ WKH

=RGLDF UHFHLYHU·V ((3520 DUH OLVWHG LQ 7DEOH ����

����� 57& 6HUYLFHV� 7KH 57& VHUYLFHV SURYLGH IRU WKH

VWRUDJH RI WLPH�GDWH GDWD� PDLQWDLQHG ZKLOH WKH V\VWHP

LV LQ DQ ´LGOHµ VWDWH� $V ORQJ DV H[WHUQDO SRZHU LV

SURYLGHG WR WKH 57& GHYLFH� LW ZLOO NHHS WKH WLPH�GDWH

GDWD FXUUHQW� SURYLGLQJ WKH V\VWHP ZLWK DFFXUDWH WLPH

LQLWLDOL]DWLRQ DV QHHGHG�

7KH WLPH�GDWH GDWD LV RQO\ UHDG IURP WKH 57& GXULQJ

V\VWHP LQLWLDOL]DWLRQ� :KHQ WKH WLPH�GDWH GDWD LV VWRUHG

LQ WKH 57&� D VQDSVKRW RI WKH GDWD LV VWRUHG ZLWK D

FKHFNVXP LQ WKH 5$0 VSDFH RI WKH 57& GHYLFH �57&�

5$0�� 7KH VQDSVKRW GDWD LQ WKH 57&�5$0 LV XVHG WR

GHWHUPLQH LI WKH 57& ZDV NHSW DOLYH� DQG WKHUHIRUH LI

WKH WLPH�GDWH GDWD LV YDOLG� ,I WKH FORFN GDWD LV QRW YDOLG

DW V\VWHP LQLWLDOL]DWLRQ� WKH ´ODVW NQRZQ WLPHµ VWRUHG LQ

65$0 ZLOO EH XVHG LI LW LV DYDLODEOH� RWKHUZLVH WLPH ZLOO

EH LQYDOLG�

7KH WLPH�GDWH GDWD LV XSGDWHG LQ WKH 57& SHULRGLFDOO\

ZKLOH WKH V\VWHP LV LQ LWV .DOPDQ ILOWHU QDYLJDWLRQ PRGH�

����� 'LIIHUHQWLDO *36 �'*36��'*36 WHFKQLTXHV

FDQ EH XVHG WR HOLPLQDWH HUURUV LQWURGXFHG E\ 6HOHFWLYH

$YDLODELOLW\ �6$� DQG RWKHU HUURU VRXUFHV� '*36

UHTXLUHV RQH *36 UHFHLYHU WR EH ORFDWHG DW D SUHFLVHO\

VXUYH\HG ORFDWLRQ� 7KLV UHFHLYHU� RIWHQ UHIHUUHG WR DV D
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´EDVH VWDWLRQµ RU ´UHIHUHQFH VWDWLRQ�µ FDOFXODWHV

FRUUHFWLRQV WR WKH PHDVXUHG SVHXGRUDQJH DQG GHOWD�

UDQJH PHDVXUHPHQWV IURP HDFK RI WKH VDWHOOLWHV LW LV

WUDFNLQJ�

7KHVH FRUUHFWLRQV DUH WKHQ EURDGFDVW RYHU D

FRPPXQLFDWLRQV OLQN WR UHPRWH *36 UHFHLYHUV LQ WKH

ILHOG ZKLFK DSSO\ WKHVH FRUUHFWLRQV WR WKHLU

PHDVXUHPHQWV EHIRUH FRPSXWLQJ D SRVLWLRQ VROXWLRQ�

7KLV WHFKQLTXH HIIHFWLYHO\ HOLPLQDWHV PXFK RI WKH HUURU

GXH WR 6$ DV ZHOO DV HUURUV GXH WR XQPRGHOHG VDWHOOLWH

FORFN HUURUV� VDWHOOLWH HSKHPHULV HUURUV� DQG DWPRVSKHULF

GHOD\V� 7KLV ´LPSURYHGµ VROXWLRQ LV SUHVHQW LQ DOO RXWSXW

PHVVDJHV�

:LWK D IHZ PLQRU H[FHSWLRQV RXWOLQHG EHORZ� '*36 LV

HQDEOHG E\ GHIDXOW� EXW PD\ EH GLVDEOHG E\ WKH 2(0�

%HFDXVH 6$ FKDQJHV ZLWK WLPH� WKH FRUUHFWLRQV

GHWHULRUDWH ZLWK WLPH DV ZHOO� 7KHUHIRUH� '*36

RSHUDWLRQ ZLOO RQO\ RFFXU ZKHQ HQRXJK FXUUHQW '*36

FRUUHFWLRQV DUH DYDLODEOH�

7KH =RGLDF UHFHLYHU DFFHSWV 57&0 6&���� IRUPDW

'*36 FRUUHFWLRQ PHVVDJHV GLUHFWO\ RQ WKH DX[LOLDU\

VHULDO SRUW�

7KH UHFHLYHU DOVR DFFHSWV '*36 FRUUHFWLRQV GDWD

IRUPDWWHG DV D ELQDU\ GDWD LQSXW PHVVDJH �0HVVDJH

����� RYHU LWV SULPDU\ VHULDO SRUW� 0RUH GHWDLOHG

LQIRUPDWLRQ RQ WKH IRUPDW RI WKLV PHVVDJH LV SURYLGHG

LQ 6HFWLRQ � RI WKLV 'HVLJQHU·V *XLGH�

������� 7KH 57&0 3URWRFRO� 7KH =RGLDF ZLOO DFFHSW

��RI�� 57&0 6&���� GDWD GLUHFWO\ IURP WKH DX[LOLDU\

VHULDO SRUW� 1R H[WHUQDO IRUPDWWLQJ LV UHTXLUHG DQG WKH

UHFHLYHU KDQGOHV DOO SDUVLQJ DQG YHULILFDWLRQ RI WKH GDWD�

7KH XVHU QHHGV RQO\ WR YHULI\ WKH LQWHJULW\ RI WKH GDWD

VHQW WR WKH UHFHLYHU WR HQVXUH WKDW KLJK ELW HUURUV DUH

QRW SUHVHQW LQ WKH GHWHFWHG 57&0 UDZ GDWD VWUHDP�

7KH XVHU VKRXOG EH DZDUH WKDW 57&0 6&���� GDWD ZLOO

EH XVHG RQO\ LI� IRU HYHU\ ���ELW ZRUG� WKH V\QGURPH ���

ELW SDULW\� H[DFWO\ PDWFKHV WKH RQH ZKLFK VKRXOG RFFXU

RQ WKH EDVLV RI WKH ���ELW GDWD VHHQ LQ HDFK ZRUG� 1R

DWWHPSW ZLOO EH PDGH WR FRUUHFW VLQJOH ELW HUURUV� DQ\

V\QGURPH PLVPDWFK ZLOO FDXVH UHMHFWLRQ RI WKDW GDWD

ZRUG DQG UHMHFWLRQ RI WKH PHVVDJH LQ ZKLFK LW H[LVWV�

7KH UHFHLYHU ZLOO SDUVH WKH LQFRPLQJ GDWD ELWV DQG

GHFRGH DOO RI WKH 57&0 6&���� PHVVDJHV� 7KRVH

PHVVDJHV UHTXLUHG IRU '*36 RSHUDWLRQ ZLOO EH XVHG WR

ILOO LQ WKH '*36 GDWDEDVH ZLWKLQ WKH UHFHLYHU� 7KRVH

PHVVDJHV ZKLFK DUH QRW XVHG ZLOO EH GLVFDUGHG�

������� 7KH 57&00HVVDJH 7\SHV� 7KH UHFHLYHU

DFFHSWV '*36 FRUUHFWLRQ GDWD DV D VXEVHW RI WKH ��

57&0 6&���� PHVVDJHV IRXQG LQ 7DEOH ��� RI WKH

57&0 6&���� 9HUVLRQ ��� VWDQGDUG� 7KRXJK WKH

UHFHLYHU ZLOO DFFHSW DQG GHFRGH DOO 57&0 PHVVDJHV�

QRW DOO PHVVDJHV DUH QHFHVVDU\ IRU '*36 RSHUDWLRQ�

7KH 'DWD 6KHHW IRU HDFK RI WKH =RGLDF *36 UHFHLYHUV

�-XSLWHU� 3OXWR� HWF�� VKRZV ZKLFK RI WKH PHVVDJHV

GHILQHG LQ WKH 57&0 VWDQGDUG DUH XVHG E\ WKH UHFHLYHU

WR IRUP D '*36 SRVLWLRQ VROXWLRQ� 5HIHU WR WKH

VWDQGDUG IRU PRUH GHWDLOHG GHVFULSWLRQV RI WKHVH DQG

RWKHU 57&0 6&���� PHVVDJHV� �7KH XVHU VKRXOG EH

DZDUH WKDW 57&0 6&���� LV VWLOO DQ HYROYLQJ VWDQGDUG�

DQG WKDW IXWXUH UHOHDVHV RI =RGLDF VRIWZDUH PD\ EH

PRGLILHG WR DFFRPPRGDWH LWV UHYLVLRQ��

7\SH � 0HVVDJH� 7\SH � PHVVDJHV FRQWDLQ

SVHXGRUDQJH DQG SVHXGRUDQJH UDWH FRUUHFWLRQV IRU D

FRPSOHWH VHW RI YLVLEOH VDWHOOLWHV� &XUUHQWO\� WKLV LV WKH

PRVW FRPPRQ W\SH RI PHVVDJH WUDQVPLWWHG E\

FRPPHUFLDO 57&0 SURYLGHUV DQG EDVH VWDWLRQV�

7\SH � 0HVVDJH� 7\SH � PHVVDJHV FRQWDLQ GHOWD

FRUUHFWLRQV DQG DUH WUDQVPLWWHG E\ UHIHUHQFH VWDWLRQV WR

KHOS UHFHLYHUV GXULQJ HSKHPHULV FXWRYHUV� 7KHVH

Configuration Data Satellite Management Parameters Navigation Data

Serial Port Configuration (both ports)
Solution Validity Criteria
Selected Datum
Platform Class
Cold Start Control
Satellite Elevation Mask Angle
Satellite Candidate List
Differential GPS Control
Default Serial Output Messages
User Defined Datums
Navigation Control

UTC and Ionosphere Model Parameters
Frequency Standard Data
Almanac Data

Last Known Position
User-Entered Altitude

Table 6-2. Parameters And Data Maintained In EEPROM



=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH � =RGLDF 2SHUDWLRQ

���� &RQH[DQW 6\VWHPV� ,QF� 3DJH ����

PHVVDJHV DUH XVHG E\ WKH ILHOG UHFHLYHU LQ FRQMXQFWLRQ

ZLWK 7\SH � RU 7\SH � PHVVDJHV XQWLO ERWK WKH

UHIHUHQFH VWDWLRQ DQG ILHOG UHFHLYHU DUH RSHUDWLQJ ZLWK

WKH VDPH VHW RI HSKHPHULV�

7\SH � 0HVVDJH� 7\SH � PHVVDJHV KDYH WKH VDPH

IRUPDW DV 7\SH � PHVVDJHV� EXW XVXDOO\ RQO\ FRQWDLQ

FRUUHFWLRQV IRU D VXEVHW RI WKH YLVLEOH FRQVWHOODWLRQ�

7KHVH PHVVDJHV DUH W\SLFDOO\ WUDQVPLWWHG DW D KLJKHU UDWH

WKDQ WKH 7\SH � PHVVDJHV� %HDFRQV� VXFK DV WKRVH

RSHUDWHG E\ WKH 8�6� &RDVW *XDUG� DUH FXUUHQWO\ WKH

SULPDU\ VRXUFH IRU WKHVH FRUUHFWLRQV� EXW WKH\ DUH DOVR

DYDLODEOH IURP VRPH FRPPHUFLDO VHUYLFH SURYLGHUV DQG

EDVH VWDWLRQV�

������� &RPSOLDQFH :LWK 57&0 6&����

5HTXLUHPHQWV� 7KH 5DGLR 7HFKQLFDO &RPPLVVLRQ IRU

0DULWLPH 6HUYLFHV �57&0� KDV D VSHFLDO FRPPLWWHH

QXPEHUHG ��� �6&������ ,WV FKDUWHU LV WR FUHDWH

UHFRPPHQGHG VWDQGDUGV IRU WKH WUDQVPLVVLRQ RI '*36

FRUUHFWLRQ GDWD� 7KH =RGLDF IDPLO\ RI UHFHLYHUV

FRPSOLHV ZLWK WKH FXUUHQW YHUVLRQ RI WKLV VWDQGDUG

�YHUVLRQ ���� ZLWK WKH H[FHSWLRQ RI WKH VHULDO GDWD

KDUGZDUH LPSOHPHQWDWLRQ�

7KH VSHFLILFDWLRQ IRU WKH VHULDO GDWD LQWHUIDFH ZLOO EH DV

GHVFULEHG LQ 6HFWLRQ � RI WKLV 'HVLJQHU·V *XLGH� 7KH

=RGLDF LV QRW FRQILJXUHG DV ´WHUPLQDO HTXLSPHQWµ DV

VSHFLILHG LQ SDUDJUDSK ����� RI WKH 57&0 6&����

VWDQGDUG�

������� '*36 ,QLWLDOL]DWLRQ $QG &RQILJXUDWLRQ� $W

SRZHU�RQ� WKH UHFHLYHU LQLWLDOL]HV LWV LQWHUQDO '*36

GDWDEDVH WR LQGLFDWH WKDW QR YDOLG '*36 GDWD LV

DYDLODEOH� ,I WKH XVHU UHTXHVWV WKH 'LIIHUHQWLDO *36

6WDWXV PHVVDJH �ELQDU\ 0HVVDJH ������ WKH PHVVDJH ZLOO

LQGLFDWH WKDW QR FRUUHFWLRQV KDYH EHHQ SURFHVVHG� 6RPH

RI WKH SRVLWLRQ VWDWXV PHVVDJHV �ELQDU\ PHVVDJHV ����

DQG ����� DQG 10($ PHVVDJH **$� ZLOO DOVR LQGLFDWH

WKDW WKH UHFHLYHU LV QRW FRPSXWLQJ D '*36 VROXWLRQ�

$V VXIILFLHQW YDOLG 57&0 GDWD LV SDVVHG WR WKH UHFHLYHU�

LW ZLOO DXWRPDWLFDOO\ SURGXFH '*36 VROXWLRQV� 2WKHU

WKDQ VXSSO\LQJ 57&0 GDWD DQG HQVXULQJ WKDW '*36

RSHUDWLRQ LV QRW GLVDEOHG� QR DFWLRQ LV UHTXLUHG RQ WKH

SDUW RI WKH XVHU WR FDXVH '*36 RSHUDWLRQ�

7KH UHFHLYHU ZLOO FRPSXWH '*36 VROXWLRQV ZKHQHYHU

DOO RI WKH IROORZLQJ FRQGLWLRQV DUH VDWLVILHG�

• (SKHPHULV GDWD KDV EHHQ FROOHFWHG E\ WKH UHFHLYHU

IRU DW OHDVW IRXU VDWHOOLWHV�

• '*36 FRUUHFWLRQV KDYH EHHQ UHFHLYHG IRU DW OHDVW

WKH VDPH IRXU VDWHOOLWHV� DQG WKHVH FRUUHFWLRQV DUH

QRW ROGHU WKDQ WKH WLPH OLPLW VSHFLILHG LQ WKH

'LIIHUHQWLDO *36 &RQWURO PHVVDJH �ELQDU\ 0HVVDJH

������

• 7KH ´,VVXH 2I 'DWD (SKHPHULVµ �,2'(� LV WKH

VDPH IRU ERWK WKH UHFHLYHU�FROOHFWHG HSKHPHULV

DQG WKH 57&0 6&���� FRUUHFWLRQV�

• $OO RI WKH DSSOLFDEOH VDWHOOLWHV KDYH JRRG KHDOWK RU

KDYH EHHQ GHFODUHG KHDOWK\ IRU '*36 SXUSRVHV E\

WKH 57&0 6&���� VRXUFH�

• 7KH 8VHU 'LIIHUHQWLDO 5DQJH (UURU �8'5(�

UHSRUWHG E\ WKH 57&0 6&���� VRXUFH LV HTXDO WR

RU OHVV WKDQ HLJKW PHWHUV IRU DOO IRXU VDWHOOLWHV�

• 7KH 57&0 6&���� VRXUFH GHFODUHV LWVHOI WR EH LQ

JRRG KHDOWK�

• 7KH XVHU KDV QRW WXUQHG '*36 RSHUDWLRQ RII�

������� 'LVDEOLQJ '*36 2SHUDWLRQ� 7KH XVHU PD\

GLVDEOH '*36 RSHUDWLRQ WKURXJK WKH 'LIIHUHQWLDO *36

&RQWURO PHVVDJH �ELQDU\ 0HVVDJH ������ :KHQ

GLVDEOHG� WKH UHFHLYHU ZLOO QRW XVH '*36 LQIRUPDWLRQ WR

FRPSXWH D SRVLWLRQ VROXWLRQ QRU ZLOO WKH LQIRUPDWLRQ EH

HUDVHG�

'XULQJ WKH WLPH WKDW '*36 RSHUDWLRQ LV GLVDEOHG� DQG

'*36 VROXWLRQV DUH QRW EHLQJ FRPSXWHG� 57&0

SURFHVVLQJ FRQWLQXHV DV ORQJ DV 57&0 PHVVDJHV DUH

EHLQJ VHQW WR WKH UHFHLYHU� 7KH GDWD FRQWDLQHG ZLWKLQ

WKHVH PHVVDJHV ZLOO EH XVHG WR XSGDWH WKH UHFHLYHU·V

LQWHUQDO '*36 GDWDEDVH� $V VRRQ DV WKH '*36

IXQFWLRQ LV HQDEOHG� WKH PRVW FXUUHQW GDWD ZLOO EH XVHG

WR FRPSXWH D SRVLWLRQ VROXWLRQ�

������� '*36 5HVHW� 7KH XVHU PD\ DOVR ´UHVHWµ WKH

'*36 SURFHVV DW DQ\ WLPH XVLQJ WKH 'LIIHUHQWLDO *36

&RQWURO PHVVDJH �ELQDU\ 0HVVDJH ������ :KHQ WKLV LV

GRQH� WKH '*36 GDWD FXUUHQWO\ VWRUHG LQ WKH UHFHLYHU LV

LQYDOLGDWHG RU UHSODFHG E\ LWV GHIDXOW YDOXHV� 7KLV

GLVFRQWLQXHV '*36 VHUYLFH XQWLO QHZ 57&0 6&����

DQG HSKHPHULV GDWD LV FROOHFWHG�

$ '*36 UHVHW LV GLIIHUHQW IURP WKH W\SH RI UHVHW

LQLWLDWHG E\ SRZHU�RQ RU DQ LQLWLDOL]DWLRQ PHVVDJH

V\VWHP UHVHW� 'XULQJ D '*36 UHVHW� ´'*36 'LVDEOHµ

DQG ´&RUUHFWLRQ 7LPHRXWµ DUH XQDIIHFWHG� ,I YDOXHV

KDYH EHHQ SUHYLRXVO\ HQWHUHG IRU WKHVH ZRUGV� WKHVH

VDPH YDOXHV ZLOO EH LQ HIIHFW ERWK EHIRUH DQG DIWHU WKH

'*36 UHVHW� ,I QHZ YDOLG HQWULHV IRU WKHVH ZRUGV DUH

UHFHLYHG ZLWKLQ D 'LIIHUHQWLDO *36 &RQWURO PHVVDJH

WKDW DOVR FRQWDLQV D UHVHW� WKHQ WKH QHZ YDOXHV ZLOO EH LQ

HIIHFW DIWHU WKH UHVHW� +RZHYHU� DIWHU D '*36 UHVHW DOO

RWKHU '*36 SDUDPHWHUV ZLOO EH VHW WR WKHLU GHIDXOW

YDOXHV�

������� '*36 6WDWXV 5HTXHVW� 7KH XVHU PD\ UHTXHVW

WKDW WKH VWDWXV RI '*36 RSHUDWLRQ EH SURYLGHG� :KHQ

UHTXHVWHG� WKH 'LIIHUHQWLDO *36 6WDWXV PHVVDJH �ELQDU\

0HVVDJH ����� SURYLGHV LQIRUPDWLRQ RQ WKH VWDWH RI



� =RGLDF 2SHUDWLRQ =RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHUV· *XLGH

3DJH ���� &RQH[DQW 6\VWHPV� ,QF� ����

HDFK RI WKH FRUUHFWLRQV EHLQJ SURFHVVHG� ,Q WKH HYHQW

WKDW '*36 VROXWLRQV DUH QRW DYDLODEOH� WKH VWDWXV

PHVVDJH DOVR SURYLGHV HQRXJK GLDJQRVWLF GDWD IRU WKH

XVHU WR GHWHUPLQH ZK\ WKH\ DUH QRW EHLQJ FRPSXWHG�

����� %XLOW�,Q 7HVW �%,7�� 7KH UHFHLYHU FDQ EH

FRPPDQGHG WR H[HFXWH D %,7 DW DQ\ WLPH ZKLOH LQ

&RQH[DQW ELQDU\ PRGH� 7KH UHFHLYHU SHUIRUPV WKH WHVW

DQG UHWXUQV WKH UHVXOWV LQ WKH FRUUHVSRQGLQJ RXWSXW

PHVVDJH�

$ %,7 LV FRPPDQGHG E\ VHQGLQJ D ELQDU\ 3HUIRUP

%XLOW�,Q 7HVW &RPPDQG PHVVDJH �0HVVDJH ������ 6XFK

D FRPPDQG ZLOO LQWHUUXSW QRUPDO UHFHLYHU RSHUDWLRQV

DQG UHVXOW LQ D V\VWHP UHVHW�

2XWSXW PHVVDJHV WKDW DUH SURFHVVHG E\ WKH VHULDO ,�2

KDUGZDUH ZKHQ WKH %,7 FRPPDQG LV UHFHLYHG DUH

RXWSXW� EXW VXEVHTXHQW RXWSXW PHVVDJHV DUH VXVSHQGHG

XQWLO DIWHU WKH %,7 F\FOH LV FRPSOHWH� :KHQ WKH %,7 LV

FRPSOHWH� WKH UHFHLYHU LV UHVHW DQG QRUPDO RSHUDWLRQ

UHVXPHV� 7KLV PHDQV WKDW WKH %,7 UHVXOWV PD\ QRW EH

WKH ILUVW UHFHLYHG RXWSXW PHVVDJH DIWHU D %,7 FRPPDQG�

������� ,QWHUSUHWLQJ %,7 5HVXOWV� $ GHYLFH IDLOXUH

LQGLFDWRU LQ WKH %,7 5HVXOWV 0HVVDJH LV YDOLG IRU DOO

GHYLFHV LQVWDOOHG RQ WKH ERDUG� 7KH IDLOXUH ZRUGV

GHILQHG LQ 0HVVDJH ���� ZLOO EH ]HUR LI WKH GHYLFH LV

ZRUNLQJ DV H[SHFWHG DQG QRQ�]HUR LI DQ HUURU ZDV

GHWHFWHG�

520 )DLOXUH� 7KH 520 )DLOXUH ZRUG LQ 0HVVDJH

���� LQGLFDWHV WKH UHVXOW RI D 520 �SURJUDP PHPRU\�

FKHFNVXP WHVW� $ IDLOHG VWDWXV PHDQV WKDW WKH 520

FKLS PD\ EH GHIHFWLYH�

5$0 )DLOXUH� 7KH 5$0 )DLOXUH ZRUG LQ 0HVVDJH

���� LQGLFDWHV WKH UHVXOWV RI D QRQ�GHVWUXFWLYH SDWWHUQ

WHVW DQG DQ DGGUHVV OLQH LQWHJULW\ WHVW� $ IDLOHG VWDWXV

PHDQV WKDW WKH 5$0 FKLS�V� PD\ EH GHIHFWLYH�

((3520 )DLOXUH� 7KHUH DUH QR H[SOLFLW WHVWV RI WKH

((3520 GHYLFH LQ UHVSRQVH WR 0HVVDJH �����

+RZHYHU� WKH UHFHLYHU PDLQWDLQV DQG UHSRUWV D VWDWXV RI

ZKDW SDUDPHWHUV KDYH EHHQ ZULWWHQ WR ((3520�

:KHQ D GDWD EORFN KDV EHHQ ZULWWHQ DQG FDQQRW EH

VXFFHVVIXOO\ UHDG EDFN IURP WKH GHYLFH� D IDLOXUH ZLOO EH

UHSRUWHG� $ IDLOXUH ZLOO DOVR EH UHSRUWHG LI WKH GHYLFH

GRHV QRW UHVSRQG WR DQ DWWHPSW WR DFFHVV LW� $ IDLOHG

VWDWXV PHDQV WKDW WKH ((3520 FKLS PD\ EH GHIHFWLYH�

'LJLWDO 6LJQDO 3URFHVVRU �'63�� 7KH '63 )DLOXUH

ZRUG LQ 0HVVDJH ���� LQGLFDWHV WKH UHVXOWV RI WKH '63

WHVWV� $ IDLOHG VWDWXV LQGLFDWHV WKDW RQH RU PRUH RI WKH

'63 WHVWV IDLOHG DQG WKDW WKH '63 FKLS PD\ EH

GHIHFWLYH�

57&� 7KH 57& )DLOXUH ZRUG LQ 0HVVDJH ���� LQGLFDWHV

WKH UHVXOWV RI D WLPH UROORYHU WHVW RI WKH 57&� $ IDLOHG

VWDWXV LQGLFDWHV WKDW WKH 57& WHVW IDLOHG DQG WKDW WKH

57& FKLS PD\ EH GHIHFWLYH�

3257 � �+RVW 3RUW� DQG 3257 � �$X[ 3RUW� (UURU

DQG 5HFHLYHG %\WH &RXQWV� 7KHUH DUH QR H[SOLFLW WHVWV

IRU WKH WZR VHULDO FRPPXQLFDWLRQV SRUWV� +RZHYHU� D

FRXQW RI E\WHV UHFHLYHG ZLWK HUURU DQG D FRXQW RI E\WHV

UHFHLYHG ZLWKRXW HUURU IRU HDFK SRUW DUH PDLQWDLQHG

DQG UHSRUWHG LQ 0HVVDJH ����� 7KHVH ZRUGV SURYLGH D

PHDVXUH RI WKH UHOLDELOLW\ RI WKH FRPPXQLFDWLRQV

LQWHUIDFH� ,I WKH FRXQW RI E\WHV UHFHLYHG ZLWK HUURU LV

ODUJH� WKH LQWHUIDFH PD\ EH GHIHFWLYH RU WKH SRUW

FRQILJXUDWLRQ PD\ EH LQFRUUHFW�



=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHU·V *XLGH $SSHQGL[ $

���� %QPGZCPCV 5[UVGOU� +PE� 3DJH $��

APPENDIX A: Acronyms, Abbreviations, and Glossary

7KLV DSSHQGL[ SURYLGHV D OLVW RI DOO DFURQ\PV� DEEUHYLDWLRQV� DQG VHOHFWHG WHUPV XVHG LQ WKLV GRFXPHQW� WRJHWKHU ZLWK

WKHLU DVVRFLDWHG PHDQLQJ�

��' 7ZR GLPHQVLRQDO

��'UPV 7ZR�GLPHQVLRQDO URRW PHDQ VTXDUH

��' 7KUHH GLPHQVLRQDO

��'UPV 7KUHH�GLPHQVLRQDO URRW PHDQ VTXDUH

$$03 $GYDQFHG $UFKLWHFWXUH 0LFURSURFHVVRU

$�' $QDORJ�'LJLWDO

$OPDQDF $ VHW RI RUELWDO SDUDPHWHUV WKDW DOORZV FDOFXODWLRQ RI DSSUR[LPDWH *36

VDWHOOLWH SRVLWLRQV DQG YHORFLWLHV� 7KH DOPDQDF LV XVHG E\ D *36 UHFHLYHU WR

GHWHUPLQH VDWHOOLWH YLVLELOLW\ DQG DV DQ DLG GXULQJ DFTXLVLWLRQ RI *36

VDWHOOLWH VLJQDOV� 7KH DOPDQDF LV D VXEVHW RI VDWHOOLWH HSKHPHULV GDWD DQG LV

XSGDWHG ZHHNO\ E\ *36 &RQWURO�

$OWLWXGH +ROG $ WHFKQLTXH ZKLFK DOORZV QDYLJDWLRQ XVLQJ PHDVXUHPHQWV IURP WKUHH *36

VDWHOOLWHV SOXV DQ LQGHSHQGHQW YDOXH RI DOWLWXGH�

$OWLWXGH +ROG (QDEOH &RPPDQG 7KLV PHVVDJH DOORZV WKH DSSOLFDWLRQ SURFHVVRU WR HQDEOH RU GLVDEOH WKH

$OWLWXGH +ROG IHDWXUH�

$OWLWXGH +ROG 0RGH $ 1DYLJDWLRQ 0RGH GXULQJ ZKLFK D YDOXH RI DOWLWXGH LV SURFHVVHG E\ WKH

.DOPDQ )LOWHU DV LI LW ZHUH D UDQJH PHDVXUHPHQW IURP D VDWHOOLWH DW WKH

(DUWK
V FHQWHU �:*6��� UHIHUHQFH HOOLSVRLG FHQWHU��

$3 $SSOLFDWLRQ 3URFHVVRU� 7KH SURFHVVRU FRQQHFWHG WR WKH =RGLDF *36

UHFHLYHU SRUW ZKLFK FRQWUROV WKH UHFHLYHU ZLWK FRPPDQG PHVVDJHV DQG

XVHV GDWD IURP RXWSXW PHVVDJHV�

$6&,, $PHULFDQ 6WDQGDUG &RGH IRU ,QIRUPDWLRQ ,QWHUFKDQJH

$72 $FTXLVLWLRQ 7LPH�2XW

$XWR +ROG 7KH UHFHLYHU ZLOO XVH WKH ODVW DOWLWXGH FDOFXODWHG LQ ��' QDYLJDWLRQ DV WKH

FXUUHQW YDOXH RI +HOG $OWLWXGH ZKHQ HQWHULQJ $OWLWXGH +ROG ��'

QDYLJDWLRQ� ,W ZLOO FRQWLQXH WR XVH WKLV YDOXH WKURXJKRXW WKLV $OWLWXGH +ROG

HYHQW XQOHVV DQ $PHQGHG $OWLWXGH LV UHFHLYHG IURP WKH DSSOLFDWLRQ

SURFHVVRU� 7KH ��' FDOFXODWHG DOWLWXGH XVHG LQ WKLV ZD\ LV FDOOHG DQ $XWR

+ROG DOWLWXGH�

% %RROHDQ

%DXG �VHH ESV�

%,7 %XLOW�,Q 7HVW



$SSHQGL[ $ =RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHU·V *XLGH

3DJH $�� %QPGZCPCV 5[UVGOU� +PE� ����

%ORFN , 6DWHOOLWH 6DWHOOLWHV GHVLJQHG DQG EXLOW WR VXSSRUW *36 GHYHORSPHQW DQG WHVWLQJ� $

WRWDO RI �� %ORFN , VDWHOOLWHV ZHUH VXFFHVVIXOO\ ODXQFKHG EHWZHHQ )HEUXDU\

���� DQG 2FWREHU �����

%ORFN ,, 6DWHOOLWH 6DWHOOLWHV GHVLJQHG DQG EXLOW WR VXSSRUW *36 6SDFH 6HJPHQW RSHUDWLRQ� $

WRWDO RI �� %ORFN ,, VDWHOOLWHV KDYH EHHQ EXLOW DQG ODXQFKHG DV RI $XJXVW

����� 7ZHQW\�)RXU RI WKHVH KDYH EHHQ VXFFHVVIXOO\ RUELWHG�

%ORFN ,,5 6DWHOOLWH 6DWHOOLWHV EHLQJ GHVLJQHG WR HYHQWXDOO\ UHSODFH %ORFN ,, VDWHOOLWHV� 7KH ILUVW

%ORFN ,,5 VDWHOOLWH LV VFKHGXOHG WR EH UHDG\ IRU ODXQFK LQ �����

ESV ELWV SHU VHFRQG �VRPHWLPHV UHIHUUHG WR DV EDXG UDWH�

& &HOVLXV

&�$ &RGH &RDUVH�$FTXLVLWLRQ &RGH� $ VSUHDG VSHFWUXP GLUHFW VHTXHQFH FRGH WKDW LV

XVHG SULPDULO\ E\ FRPPHUFLDO *36 UHFHLYHUV WR GHWHUPLQH WKH UDQJH WR WKH

WUDQVPLWWLQJ *36 VDWHOOLWH�

&(3 &LUFXODU (UURU 3UREDEOH� 7KH UDGLXV RI D FLUFOH� FHQWHUHG DW WKH XVHU
V WUXH

ORFDWLRQ� WKDW FRQWDLQV �� SHUFHQW RI WKH LQGLYLGXDO SRVLWLRQ PHDVXUHPHQWV

PDGH XVLQJ D SDUWLFXODU QDYLJDWLRQ V\VWHP�

&ORFN (UURU 7KH XQFRPSHQVDWHG GLIIHUHQFH EHWZHHQ V\QFKURQRXV *36 V\VWHP WLPH

DQG WLPH EHVW NQRZQ ZLWKLQ WKH *36 UHFHLYHU�

&026 &RPSOLPHQWDU\ 0HWDO 2[LGH 6HPLFRQGXFWRU

&�1R &DUULHU�WR�1RLVH GHQVLW\ UDWLR� $OVR� &KDQQHO 6LJQDO�7R�1RLVH�

&2* &RXUVH 2YHU *URXQG

&ROG 6WDUW $ FRQGLWLRQ LQ ZKLFK WKH *36 UHFHLYHU FDQ DUULYH DW D QDYLJDWLRQ VROXWLRQ

ZLWKRXW LQLWLDO SRVLWLRQ� WLPH� FXUUHQW HSKHUPHULV� DQG DOPDQDF GDWD�

&RQWURO 6HJPHQW 7KH 0DVWHU &RQWURO 6WDWLRQ DQG WKH JOREDOO\ GLVSHUVHG 0RQLWRU 6WDWLRQV

XVHG WR PDQDJH WKH *36 VDWHOOLWHV� GHWHUPLQH WKHLU SUHFLVH RUELWDO

SDUDPHWHUV� DQG V\QFKURQL]H WKHLU FORFNV�

G% 'HFLEHO

'%�� ��SLQ '�6XEPLQLDWXUH &RQQHFWRU

'%��� ���SLQ '�6XEPLQLDWXUH &RQQHFWRU

G%L& 'HFLEHO�,VRPHWULF�&LUFXODU �PHDVXUH RI SRZHU UHODWLYH WR DQ LVRPHWULF

DQWHQQD ZLWK FLUFXODU SRODUL]DWLRQ�

G%P 'HFLEHOV SHU PLOOLZDWW

G%: 'HFLEHO�:DWW �PHDVXUH RI SRZHU UHODWLYH WR RQH ZDWW�

'& 'LUHFW &XUUHQW
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'*36 'LIIHUHQWLDO *36� $ WHFKQLTXH WR LPSURYH *36 DFFXUDF\ WKDW XVHV

SVHXGRUDQJH HUURUV UHFRUGHG DW D NQRZQ ORFDWLRQ WR LPSURYH WKH

PHDVXUHPHQWV PDGH E\ RWKHU *36 UHFHLYHUV ZLWKLQ WKH VDPH JHQHUDO

JHRJUDSKLF DUHD�

', 'RXEOH 3UHFLVLRQ ,QWHJHU

'RSSOHU $LGLQJ $ VLJQDO SURFHVVLQJ VWUDWHJ\� ZKLFK XVHV D PHDVXUHG GRSSOHU VKLIW WR KHOS D

UHFHLYHU VPRRWKO\ WUDFN WKH *36 VLJQDO WR DOORZ D PRUH SUHFLVH YHORFLW\

DQG SRVLWLRQ PHDVXUHPHQW�

'R' 'HSDUWPHQW RI 'HIHQVH

'23 'LOXWLRQ RI 3UHFLVLRQ �VHH *'23� +'23� 3'23� 7'23� DQG 9'23��

'26 'LVN 2SHUDWLQJ 6\VWHP

'63 'LJLWDO 6LJQDO 3URFHVVRU

'75 'DWD 7HUPLQDO 5HDG\

(&() (DUWK�&HQWHUHG (DUWK�)L[HG� $ &DUWHVLDQ FRRUGLQDWH V\VWHP ZLWK LWV RULJLQ

ORFDWHG DW WKH FHQWHU RI WKH (DUWK� 7KH FRRUGLQDWH V\VWHP XVHG E\ *36 WR

GHVFULEH WKUHH�GLPHQVLRQDO ORFDWLRQ� )RU WKH :*6��� UHIHUHQFH HOOLSVRLG�

(&() FRRUGLQDWHV KDYH WKH =�D[LV DOLJQHG ZLWK WKH (DUWK
V VSLQ D[LV� WKH

;�D[LV WKURXJK WKH LQWHUVHFWLRQ RI WKH 3ULPH 0HULGLDQ DQG WKH (TXDWRU

DQG WKH < �D[LV LV URWDWHG �� GHJUHHV (DVW RI WKH ;�D[LV DERXW WKH =�D[LV�

((3520 (OHFWULFDOO\ (UDVDEOH 3URJUDPPDEOH 5HDG�2QO\ 0HPRU\

()3 ([WHQGHG )ORDWLQJ 3RLQW

(+3( ([SHFWHG +RUL]RQWDO 3RVLWLRQ (UURU

(0& (OHFWURPDJQHWLF &RPSDWLELLW\

(0, (OHFWURPDJQHWLF ,QWHUIHUHQFH

(SKHPHULV $ VHW RI VDWHOOLWH RUELWDO SDUDPHWHUV WKDW LV XVHG E\ D *36 UHFHLYHU WR

FDOFXODWH SUHFLVH *36 VDWHOOLWH SRVLWLRQV DQG YHORFLWLHV� 7KH HSKHPHULV LV

XVHG WR GHWHUPLQH WKH QDYLJDWLRQ VROXWLRQ DQG LV XSGDWHG IUHTXHQWO\ WR

PDLQWDLQ WKH DFFXUDF\ RI *36 UHFHLYHUV�

(3520 (UDVDEOH 3URJUDPPDEOH 5HDG 2QO\ 0HPRU\

(6' (OHFWURVWDWLF 'LVFKDUJH

(93( ([SHFWHG 9HUWLFDO 3RVLWLRQ (UURU

))& )OH[ FDEOH

)20 )LJXUH 2I 0HULW

)3 )ORDWLQJ 3RLQW
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)53 )HGHUDO 5DGLRQDYLJDWLRQ 3ODQ� 7KH 8�6� *RYHUQPHQW GRFXPHQW ZKLFK

FRQWDLQV WKH RIILFLDO SROLF\ RQ WKH FRPPHUFLDO XVH RI *36�

*D$V *DOOLXP $UVHQLGH

*'23 *HRPHWULF 'LOXWLRQ RI 3UHFLVLRQ� $ IDFWRU XVHG WR GHVFULEH WKH HIIHFW RI

WKH VDWHOOLWH JHRPHWU\ RQ WKH SRVLWLRQ DQG WLPH DFFXUDF\ RI WKH *36

UHFHLYHU VROXWLRQ� 7KH ORZHU WKH YDOXH RI WKH *'23 SDUDPHWHU� WKH OHVV

WKH HUURU LQ WKH SRVLWLRQ VROXWLRQ� 5HODWHG LQGLFDWRUV LQFOXGH 3'23�

+'23� 7'23� DQG 9'23�

*07 *UHHQZLFK 0HDQ 7LPH

*36 *OREDO 3RVLWLRQLQJ 6\VWHP� $ VSDFH�EDVHG UDGLR SRVLWLRQLQJ V\VWHP ZKLFK

SURYLGHV VXLWDEO\ HTXLSSHG XVHUV ZLWK DFFXUDWH SRVLWLRQ� YHORFLW\� DQG WLPH

GDWD� :KHQ IXOO\ RSHUDWLRQDO� *36 ZLOO SURYLGH WKLV GDWD IUHH RI GLUHFW XVHU

FKDUJH ZRUOGZLGH� FRQWLQXRXVO\� DQG XQGHU DOO ZHDWKHU FRQGLWLRQV� 7KH

*36 FRQVWHOODWLRQ ZLOO FRQVLVW RI �� RUELWLQJ VDWHOOLWHV� IRXU HTXDOO\ VSDFHG

DURXQG HDFK RI VL[ GLIIHUHQW RUELWDO SODQHV�

*365( *36 5HFHLYHU (QJLQH

*36 7LPH 7KH QXPEHU RI VHFRQGV VLQFH 6DWXUGD\�6XQGD\ 0LGQLJKW 87&� ZLWK WLPH

]HUR EHLQJ WKLV PLGQLJKW� 8VHG ZLWK *36 :HHN WR GHWHUPLQH D VSHFLILF

SRLQW LQ *36 WLPH�

*36 :HHN 7KH QXPEHU RI ZHHNV VLQFH -DQXDU\ �� ����� ZLWK ZHHN ]HUR EHLQJ WKH

ZHHN RI -DQXDU\ �� ����� 8VHG ZLWK *36 7LPH WR GHWHUPLQH D VSHFLILF

SRLQW LQ *36 WLPH�

+'23 +RUL]RQWDO 'LOXWLRQ RI 3UHFLVLRQ� $ PHDVXUH RI KRZ PXFK WKH JHRPHWU\

RI WKH VDWHOOLWHV DIIHFWV WKH SRVLWLRQ HVWLPDWH �FRPSXWHG IURP WKH VDWHOOLWH

UDQJH PHDVXUHPHQWV� LQ WKH KRUL]RQWDO �(DVW� 1RUWK� SODQH�

+HOG $OWLWXGH 7KH DOWLWXGH YDOXH WKDW ZLOO EH VHQW WR WKH .DOPDQ ILOWHU DV D PHDVXUHPHQW

ZKHQ LQ $OWLWXGH +ROG 0RGH� ,W LV DQ $XWR +ROG $OWLWXGH XQOHVV DQ

$PHQGHG $OWLWXGH LV VXSSOLHG E\ WKH DSSOLFDWLRQ SURFHVVRU�

+RUL]RQWDO 'LOXWLRQ RI 3UHFLVLRQ �VHH +'23�

+] +HUW]

,�2 ,QSXW�RXWSXW

, ,QWHJHU

,) ,QWHUPHGLDWH )UHTXHQF\

,*5) ,QWHUQDWLRQDO *HRPDJQHWLF 5HIHUHQFH )LHOG

,�2 ,QSXW�2XWSXW

,2'( ,VVXH RI 'DWD (SKHPHULV
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-32 -RLQW 3URJUDP 2IILFH� $Q RIILFH ZLWKLQ WKH 8�6� $LU )RUFH 6\VWHPV

&RPPDQG� 6SDFH 6\VWHPV 'LYLVLRQ� 7KH -32 LV UHVSRQVLEOH IRU PDQDJLQJ

WKH GHYHORSPHQW DQG SURGXFWLRQ DVSHFWV RI WKH *36 V\VWHP DQG LV VWDIIHG

E\ UHSUHVHQWDWLYHV IURP HDFK EUDQFK RI WKH 8�6� PLOLWDU\� WKH 8�6�

'HSDUWPHQW RI 7UDQVSRUWDWLRQ� 'HIHQVH 0DSSLQJ $JHQF\� 1$72

PHPEHU QDWLRQV� DQG $XVWUDOLD�

.DOPDQ )LOWHU 6HTXHQWLDO HVWLPDWLRQ ILOWHU ZKLFK FRPELQHV PHDVXUHPHQWV RI VDWHOOLWH

UDQJH DQG UDQJH UDWH WR GHWHUPLQH WKH SRVLWLRQ� YHORFLW\� DQG WLPH DW WKH

*36 UHFHLYHU DQWHQQD�

NP NLORPHWHU

/� %DQG 7KH ������� 0+] *36 FDUULHU IUHTXHQF\ ZKLFK FRQWDLQV WKH &�$ FRGH�

3�FRGH� DQG QDYLJDWLRQ PHVVDJHV XVHG E\ FRPPHUFLDO *36 UHFHLYHUV�

/� %DQG $ VHFRQGDU\ *36 FDUULHU� FRQWDLQLQJ RQO\ 3�FRGH� XVHG SULPDULO\ WR

FDOFXODWH VLJQDO GHOD\V FDXVHG E\ WKH DWPRVSKHUH� 7KH /� IUHTXHQF\ LV

������� 0+]�

/'�/5 /LQH 'ULYHU�/LQH 5HFHLYHU

/(' /LJKW (PLWWLQJ 'LRGH

/376 /RZ 3RZHU 7LPH 6RXUFH

/6% /HDVW 6LJQLILFDQW %LW

P�VHF 0HWHUV SHU VHFRQG �XQLWV RI YHORFLW\�

P�VHF�VHF 0HWHUV SHU VHFRQG SHU VHFRQG �XQLWV RI DFFHOHUDWLRQ�

P�VHF�VHF�VHF 0HWHUV SHU VHFRQG SHU VHFRQG SHU VHFRQG �XQLWV RI LPSXOVH RU ´MHUNµ�

0DVN $QJOH 7KH PLQLPXP *36 VDWHOOLWH HOHYDWLRQ DQJOH SHUPLWWHG E\ D SDUWLFXODU *36

UHFHLYHU GHVLJQ�

0HDVXUHPHQW (UURU 9DULDQFH 7KH VTXDUH RI WKH VWDQGDUG GHYLDWLRQ RI D PHDVXUHPHQW TXDQWLW\� 7KH

VWDQGDUG GHYLDWLRQ LV UHSUHVHQWDWLYH RI WKH HUURU W\SLFDOO\ H[SHFWHG LQ D

PHDVXUHG YDOXH RI WKDW TXDQWLW\�

0), 0XOWL�)XQFWLRQ ,QWHUIDFH

0+] 0HJDKHUW]

05 0DVWHU 5HVHW

06% 0RVW 6LJQLILFDQW %LW

06/ 0HDQ 6HD /HYHO

07%) 0HDQ 7LPH %HWZHHQ )DLOXUH

0XOWLSDWK (UURUV *36 SRVLWLRQLQJ HUURUV FDXVHG E\ WKH LQWHUDFWLRQ RI WKH *36 VDWHOOLWH

VLJQDO DQG LWV UHIOHFWLRQV�
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P9 0LOOLYROW

P: 0LOOLZDWW

1) 1RLVH )DFWRU

10($ 1DWLRQDO 0DULQH (OHFWURQLFV $VVRFLDWLRQ

2EVFXUDWLRQ 7HUP XVHG WR GHVFULEH SHULRGV RI WLPH ZKHQ D *36 UHFHLYHU
V OLQH�RI�VLJKW

WR *36 VDWHOOLWHV LV EORFNHG E\ QDWXUDO RU PDQ�PDGH REMHFWV�

2(0 2ULJLQDO (TXLSPHQW 0DQXIDFWXUHU

2YHUGHWHUPLQHG 6ROXWLRQ 7KH VROXWLRQ RI D V\VWHP RI HTXDWLRQV FRQWDLQLQJ PRUH HTXDWLRQV WKDQ

XQNQRZQV� 7KH *36 UHFHLYHU FRPSXWHV� ZKHQ SRVVLEOH� DQ

RYHUGHWHUPLQHG VROXWLRQ XVLQJ WKH PHDVXUHPHQWV IURP DOO *36 VDWHOOLWHV LW

FDQ WUDFN� LQVWHDG RI WKH IRXU QHFHVVDU\ IRU D WKUHH�GLPHQVLRQDO SRVLWLRQ

VROXWLRQ�

3�&RGH 3UHFLVLRQ &RGH� $ VSUHDG VSHFWUXP GLUHFW VHTXHQFH FRGH WKDW LV XVHG

SULPDULO\ E\ PLOLWDU\ *36 UHFHLYHUV WR GHWHUPLQH WKH UDQJH WR WKH

WUDQVPLWWLQJ *36 VDWHOOLWH�

3DUDOOHO 5HFHLYHU $ UHFHLYHU WKDW PRQLWRUV IRXU RU PRUH VDWHOOLWHV VLPXOWDQHRXVO\�

3& 3HUVRQDO &RPSXWHU

3&0&,$ 3HUVRQDO &RPSXWHU 0HPRU\ &DUG ,QWHUQDWLRQDO $VVRFLDWLRQ

3'23 3RVLWLRQ 'LOXWLRQ RI 3UHFLVLRQ� $ PHDVXUH RI KRZ PXFK WKH HUURU LQ WKH

SRVLWLRQ HVWLPDWH SURGXFHG IURP VDWHOOLWH UDQJH PHDVXUHPHQWV LV DPSOLILHG

E\ D SRRU DUUDQJHPHQW RI WKH VDWHOOLWHV ZLWK UHVSHFW WR WKH UHFHLYHU

DQWHQQD�

3L �RU π� 7KH PDWKHPDWLFDO FRQVWDQW KDYLQJ D YDOXH RI DSSUR[LPDWHO\ ��������

3�3 3HDN�WR�3HDN

336 3XOVH 3HU 6HFRQG�

$OVR� 3UHFLVH 3RVLWLRQLQJ 6HUYLFH� 7KH *36 SRVLWLRQLQJ� YHORFLW\� DQG WLPH

VHUYLFH ZKLFK ZLOO EH DYDLODEOH RQ D FRQWLQXRXV� ZRUOGZLGH EDVLV WR XVHUV

DXWKRUL]HG E\ WKH 'R'�

351 3VHXGRUDQGRP 1RLVH 1XPEHU� 7KH LGHQWLW\ RI WKH *36 VDWHOOLWHV DV

GHWHUPLQHG E\ D *36 UHFHLYHU� 6LQFH DOO *36 VDWHOOLWHV PXVW WUDQVPLW RQ

WKH VDPH IUHTXHQF\� WKH\ DUH GLVWLQJXLVKHG E\ WKHLU SVHXGRUDQGRP QRLVH

FRGHV�

355 3VHXGR�5DQJH 5DWH

3VHXGRUDQJH 7KH FDOFXODWHG UDQJH IURP WKH *36 UHFHLYHU WR WKH VDWHOOLWH GHWHUPLQHG E\

PHDVXULQJ WKH SKDVH VKLIW RI WKH 351 FRGH UHFHLYHG IURP WKH VDWHOOLWH

ZLWK WKH LQWHUQDOO\ JHQHUDWHG 351 FRGH IURP WKH UHFHLYHU� %HFDXVH RI

DWPRVSKHULF DQG WLPLQJ HIIHFWV� WKLV WLPH LV QRW H[DFW� 7KHUHIRUH� LW LV

FDOOHG D SVHXGRUDQJH LQVWHDG RI D WUXH UDQJH�
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36) 3RVW 6HOHFW )LOWHU

397 3RVLWLRQ� YHORFLW\� DQG WLPH

3:% 3ULQWHG :LULQJ %RDUG

5$0 5DQGRP $FFHVV 0HPRU\

5HFHLYHU &KDQQHOV $ *36 UHFHLYHU VSHFLILFDWLRQ ZKLFK LQGLFDWHV WKH QXPEHU RI LQGHSHQGHQW

KDUGZDUH VLJQDO SURFHVVLQJ FKDQQHOV LQFOXGHG LQ WKH UHFHLYHU GHVLJQ�

5) 5DGLR )UHTXHQF\

5), 5DGLR )UHTXHQF\ ,QWHUIHUHQFH

520 5HDG�2QO\ 0HPRU\

57& 5HDO�7LPH &ORFN

57&$ 5DGLR 7HFKQLFDO &RPPLVVLRQ IRU $HURQDXWLFV

57&0 5DGLR 7HFKQLFDO &RPPLVVLRQ IRU 0DULWLPH 6HUYLFHV

6$ 6HOHFWLYH $YDLODELOLW\� 7KH PHWKRG XVHG E\ WKH 'R' WR FRQWURO DFFHVV WR

WKH IXOO DFFXUDF\ DFKLHYDEOH ZLWK WKH &�$ FRGH�

6DWHOOLWH (OHYDWLRQ 7KH DQJOH RI WKH VDWHOOLWH DERYH WKH KRUL]RQ�

6(3 6SKHULFDO (UURU 3UREDEOH� 7KH UDGLXV RI D VSKHUH� FHQWHUHG DW WKH XVHU
V

WUXH ORFDWLRQ� WKDW FRQWDLQV �� SHUFHQW RI WKH LQGLYLGXDO WKUHH�GLPHQVLRQDO

SRVLWLRQ PHDVXUHPHQWV PDGH XVLQJ D SDUWLFXODU QDYLJDWLRQ V\VWHP�

6HTXHQWLDO 5HFHLYHU $ *36 UHFHLYHU LQ ZKLFK WKH QXPEHU RI VDWHOOLWH VLJQDOV WR EH WUDFNHG

H[FHHGV WKH QXPEHU RI DYDLODEOH KDUGZDUH FKDQQHOV� 6HTXHQWLDO UHFHLYHUV

SHULRGLFDOO\ UHDVVLJQ KDUGZDUH FKDQQHOV WR SDUWLFXODU VDWHOOLWH VLJQDOV LQ D

SUHGHWHUPLQHG VHTXHQFH�

615 6LJQDO�7R�1RLVH 5DWLR �H[SUHVVHG LQ GHFLEHOV��

62* 6SHHG 2YHU *URXQG

636 6WDQGDUG 3RVLWLRQLQJ 6HUYLFH� $ SRVLWLRQLQJ VHUYLFH DYDLODEOH WR DOO *36

XVHUV RQ D FRQWLQXRXV� ZRUOGZLGH EDVLV ZLWK QR GLUHFW FKDUJH� 636 XVHV

WKH &�$ FRGH WR SURYLGH D PLQLPXP G\QDPLF DQG VWDWLF SRVLWLRQLQJ

FDSDELOLW\�

6WDQGE\ 65$0 3RUWLRQ RI WKH 65$0 WKDW LV SRZHUHG E\ D �NHHS�DOLYH� SRZHU VXSSO\

ZKHQ SULPH SRZHU LV UHPRYHG WR SUHVHUYH LPSRUWDQW GDWD DQG DOORZ IDVWHU

HQWU\ LQWR WKH 1DYLJDWLRQ 0RGH ZKHQ SULPH SRZHU LV UHVWRUHG� $OO RI WKH

65$0 LQ WKH UHFHLYHU LV �NHHS�DOLYH� 65$0�

65$0 6WDWLF 5DQGRP $FFHVV 0HPRU\

69 6SDFH 9HKLFOH� $OVR 6DWHOOLWH 9HKLFOH�
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7'23 7LPH 'LOXWLRQ RI 3UHFLVLRQ� $ PHDVXUH RI KRZ PXFK WKH JHRPHWU\ RI WKH

VDWHOOLWHV DIIHFWV WKH WLPH HVWLPDWH FRPSXWHG IURP WKH VDWHOOLWH UDQJH

PHDVXUHPHQWV�

7KUHH�'LPHQVLRQDO &RYHUDJH �+RXUV� 7KH QXPEHU RI KRXUV�SHU�GD\ ZLWK IRXU RU PRUH VDWHOOLWHV YLVLEOH� )RXU

YLVLEOH VDWHOOLWHV DUH UHTXLUHG WR GHWHUPLQH ORFDWLRQ DQG DOWLWXGH�

7KUHH�'LPHQVLRQDO ���'� 1DYLJDWLRQ 1DYLJDWLRQ 0RGH LQ ZKLFK DOWLWXGH DQG KRUL]RQWDO SRVLWLRQ DUH GHWHUPLQHG

IURP VDWHOOLWH UDQJH PHDVXUHPHQWV�

7LPH 0DUN 3XOVH $ RQH SXOVH SHU VHFRQG ��336� RXWSXW V\QFKURQL]HG WR 87& ZKHQ WKH

UHFHLYHU LV LQ LWV 1DYLJDWLRQ 0RGH�

72: 7LPH 2I :HHN

77)) 7LPH�7R�)LUVW�)L[� 7KH DFWXDO WLPH UHTXLUHG E\ D *36 UHFHLYHU WR DFKLHYH

D SRVLWLRQ VROXWLRQ� 7KLV VSHFLILFDWLRQ ZLOO YDU\ ZLWK WKH RSHUDWLQJ VWDWH RI

WKH UHFHLYHU� WKH OHQJWK RI WLPH VLQFH WKH ODVW SRVLWLRQ IL[� WKH ORFDWLRQ RI

WKH ODVW IL[� DQG WKH VSHFLILF UHFHLYHU GHVLJQ�

77/ 7UDQVLVWRU�7UDQVLVWRU /RJLF

7ZR�'LPHQVLRQDO &RYHUDJH �+RXUV� 7KH QXPEHU RI KRXUV�SHU�GD\ ZLWK WKUHH RU PRUH VDWHOOLWHV YLVLEOH� 7KUHH

YLVLEOH VDWHOOLWHV FDQ EH XVHG WR GHWHUPLQH ORFDWLRQ LI WKH *36 UHFHLYHU LV

GHVLJQHG WR DFFHSW DQ H[WHUQDO DOWLWXGH LQSXW �$OWLWXGH +ROG��

7ZR�'LPHQVLRQDO ���'� 1DYLJDWLRQ 1DYLJDWLRQ 0RGH LQ ZKLFK D IL[HG YDOXH RI DOWLWXGH LV XVHG IRU RQH RU

PRUH SRVLWLRQ FDOFXODWLRQV ZKLOH KRUL]RQWDO ���'� SRVLWLRQ FDQ YDU\ IUHHO\

EDVHG RQ VDWHOOLWH UDQJH PHDVXUHPHQWV�

8'5( 8VHU 'LIIHUHQWLDO 5DQJH (UURU� $ PHDVXUH RI HUURU LQ UDQJH PHDVXUHPHQW

WR HDFK VDWHOOLWH DV VHHQ E\ WKH UHFHLYHU�

8(5( 8VHU (TXLYDOHQW 5DQJH (UURU

8SGDWH 5DWH 7KH *36 UHFHLYHU VSHFLILFDWLRQ ZKLFK LQGLFDWHV WKH VROXWLRQ UDWH SURYLGHG

E\ WKH UHFHLYHU ZKHQ RSHUDWLQJ QRUPDOO\�

8�6� $LU )RUFH 6SDFH &RPPDQG 7KH 8�6� $LU )RUFH DJHQF\ UHVSRQVLEOH IRU WKH RSHUDWLRQ RI WKH *36 6SDFH

DQG &RQWURO 6HJPHQWV�

87& 8QLYHUVDO 7LPH &RRUGLQDWHG� 7KLV WLPH V\VWHP XVHV WKH VHFRQG GHILQHG

WUXH DQJXODU URWDWLRQ RI WKH (DUWK PHDVXUHG DV LI WKH (DUWK URWDWHG DERXW

LWV &RQYHQWLRQDO 7HUUHVWULDO 3ROH� +RZHYHU� 87& LV DGMXVWHG RQO\ LQ

LQFUHPHQWV RI RQH VHFRQG� 7KH WLPH ]RQH RI 87& LV WKDW RI *UHHQZLFK

0HDQ 7LPH �*07��

9&2 9ROWDJH &RQWUROOHG 2VFLOODWRU

9'23 9HUWLFDO 'LOXWLRQ RI 3UHFLVLRQ� $ PHDVXUH RI KRZ PXFK WKH JHRPHWU\ RI

WKH VDWHOOLWHV DIIHFWV WKH SRVLWLRQ HVWLPDWH �FRPSXWHG IURP WKH VDWHOOLWH

UDQJH PHDVXUHPHQWV� LQ WKH YHUWLFDO �SHUSHQGLFXODU WR WKH SODQH RI WKH

XVHU� GLUHFWLRQ�

96:5 9ROWDJH 6WDQGLQJ :DYH 5DWLR
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:*6��� :RUOG *HRGHWLF 6\VWHP ������� $ PDWKHPDWLFDO HOOLSVRLG GHVLJQHG WR ILW

WKH VKDSH RI WKH HQWLUH (DUWK� ,W LV RIWHQ XVHG DV D UHIHUHQFH RQ D

ZRUOGZLGH EDVLV� ZKLOH RWKHU HOOLSVRLGV DUH XVHG ORFDOO\ WR SURYLGH D EHWWHU

ILW WR WKH (DUWK LQ D ORFDO UHJLRQ� *36 XVHV WKH FHQWHU RI WKH :*6���

HOOLSVRLG DV WKH FHQWHU RI WKH *36 (&() UHIHUHQFH IUDPH�
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7KLV DSSHQGL[ SURYLGHV D OLVW RI GRFXPHQWV WKDW PD\ KHOS D XVHU RI &RQH[DQW·V *36 UHFHLYHUV OHDUQ PRUH DERXW WKH ZD\

WKH *36 FDQ EH XVHG� 1RW DOO RI WKHVH GRFXPHQWV KDYH EHHQ UHIHUHQFHG LQ WKH WH[W RI WKLV 'HVLJQHU·V *XLGH�

�� *OREDO 3RVLWLRQLQJ 6\VWHP 6WDQGDUG 3RVLWLRQLQJ 6HUYLFH 6LJQDO 6SHFLILFDWLRQ�8QLWHG 6WDWHV 'HSDUWPHQW RI 'HIHQVH� �

1RYHPEHU �����

�� 6WDQGDUG )RU ,QWHUIDFLQJ 0DULQH (OHFWURQLF 'HYLFHV� 10($ ����� 9HUVLRQ ����� 1DWLRQDO 0DULQH (OHFWURQLFV

$VVRFLDWLRQ� -DQXDU\ ����

�� 57&0 5HFRPPHQGHG 6WDQGDUGV IRU 'LIIHUHQWLDO 1$967$5 *36 6HUYLFH� 9HUVLRQ ����5DGLR 7HFKQLFDO &RPPLVVLRQ IRU

0DULWLPH 6HUYLFHV� -DQXDU\ �����

�� 3ULQFLSOH RI 2SHUDWLRQ RI 1$967$5 DQG 6\VWHP &KDUDFWHULVWLFV� 0LOOLNHQ DQG =ROOHU� *OREDO 3RVLWLRQLQJ 6\VWHP� 9RO� ��

����� SS� �����

�� 'HSDUWPHQW RI 'HIHQVH :RUOG *HRGHWLF 6\VWHP ����� '0$ 75 ������ �QG (GLWLRQ� � 6HSWHPEHU �����

�� ,QWHUQHW ZHE VLWH IRU WKH 1DWLRQDO *HRSK\VLFDO 'DWD &HQWHU �1*'&�� ´KWWS���MXOLXV�QJGF�QRDD�JRY�VHJ�SRWIOG�

JHRPDJ�KWPOµ



$SSHQGL[ % =RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHU·V *XLGH

3DJH %�� %QPGZCPCV 5[UVGOU� +PE� ����

6JKU RCIG KPVGPVKQPCNN[ NGHV DNCPM



=RGLDF *36 5HFHLYHU )DPLO\ 'HVLJQHU·V *XLGH $SSHQGL[ &

���� %QPGZCPCV 5[UVGOU� +PE� 3DJH &��

APPENDIX C: NAVSTAR GPS Operation

7KH 1$967$5 *36 LV D VSDFH�EDVHG VDWHOOLWH UDGLR QDYLJDWLRQ V\VWHP GHYHORSHG E\ WKH 8�6� 'HSDUWPHQW RI 'HIHQVH

�'R'�� *36 UHFHLYHUV SURYLGH ODQG� PDULQH� DQG DLUERUQH XVHUV ZLWK FRQWLQXRXV WKUHH�GLPHQVLRQDO SRVLWLRQ� YHORFLW\� DQG

WLPH GDWD� 7KLV LQIRUPDWLRQ LV DYDLODEOH IUHH RI GLUHFW FKDUJH WR DQ XQOLPLWHG QXPEHU RI XVHUV� 7KH V\VWHP RSHUDWHV XQGHU

DOO ZHDWKHU FRQGLWLRQV� �� KRXUV D GD\� DQ\ZKHUH RQ (DUWK�

7KH *36 V\VWHP FRQVLVWV RI WKUHH PDMRU VHJPHQWV� 6SDFH� &RQWURO� DQG 8VHU DV LOOXVWUDWHG LQ )LJXUH &���

GPS System Design _______________________________________________________

7KH 6SDFH 6HJPHQW� 7KLV VHJPHQW FRQVLVWV RI D

QRPLQDO FRQVWHOODWLRQ RI �� RSHUDWLRQDO VDWHOOLWHV

�LQFOXGLQJ � VSDUHV�� 7KHVH VDWHOOLWHV KDYH EHHQ SODFHG

LQ � RUELWDO SODQHV �DV VKRZQ LQ )LJXUH &��� DERXW

������ PLOHV ������� NP� DERYH WKH (DUWK·V VXUIDFH�

7KH VDWHOOLWHV DUH LQ FLUFXODU RUELWV ZLWK D ���KRXU

RUELWDO SHULRG DQG LQFOLQDWLRQ DQJOH RI �� GHJUHHV� 7KLV

RULHQWDWLRQ QRUPDOO\ SURYLGHV D *36 XVHU ZLWK D

PLQLPXP RI � VDWHOOLWHV LQ YLHZ IURP DQ\ SRLQW RQ

(DUWK DW DQ\ RQH WLPH�

(DFK VDWHOOLWH FRQWLQXRXVO\ EURDGFDVWV DQ 5) VLJQDO DW D

FHQWHU IUHTXHQF\ RI ������� 0+] �/� EDQG�� 7KLV

VLJQDO LV PRGXODWHG E\ D ����� 0+] FORFN UDWH SUHFLVH

UDQJLQJ VLJQDO DQG E\ D ����� 0+] FORFN UDWH FRDUVH

DFTXLVLWLRQ �&�$� FRGH UDQJLQJ VLJQDO�

(DFK RI WKHVH WZR ELQDU\ VLJQDOV KDV EHHQ IRUPHG E\ D

SUHFLVLRQ FRGH �3�FRGH� RU D &�$ FRGH ZKLFK LV

PRGXOR�� DGGHG WR �� ELWV SHU VHFRQG �ESV� QDYLJDWLRQ

GDWD� 7KLV QDYLJDWLRQ GDWD� ZKLFK LV FRPSXWHG DQG

FRQWUROOHG E\ WKH *36 &RQWURO 6HJPHQW� LQFOXGHV WKH

VDWHOOLWH·V WLPH� LWV FORFN FRUUHFWLRQ DQG HSKHPHULV

SDUDPHWHUV� DOPDQDFV� DQG KHDOWK VWDWXV IRU DOO *36

VDWHOOLWHV� )URP WKLV LQIRUPDWLRQ� WKH XVHU FRPSXWHV WKH

VDWHOOLWH·V SUHFLVH SRVLWLRQ DQG FORFN RIIVHW�

&XUUHQWO\� WKH 'R' HQFU\SWV WKH 3�FRGH UDQJLQJ VLJQDO

DQG WKXV GHQLHV DFFHVV WR WKH 3UHFLVH 3RVLWLRQLQJ

Figure C-1. Major Segments of the NAVSTAR GPS System
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6HUYLFH �336� E\ XQDXWKRUL]HG XVHUV� 7KH 6WDQGDUG

3RVLWLRQLQJ 6HUYLFH �636� XVHV WKH &�$ FRGH UDQJLQJ

VLJQDO DQG LV LQWHQGHG IRU JHQHUDO SXEOLF XVH�

7KH &RQWURO 6HJPHQW� 7KLV VHJPHQW FRQVLVWV RI D

0DVWHU &RQWURO 6WDWLRQ� ORFDWHG LQ &RORUDGR 6SULQJV�

DQG D QXPEHU RI PRQLWRU VWDWLRQV DW YDULRXV ORFDWLRQV

DURXQG WKH ZRUOG�

(DFK PRQLWRU VWDWLRQ WUDFNV DOO WKH *36 VDWHOOLWHV LQ

YLHZ DQG SDVVHV WKH VLJQDO PHDVXUHPHQW GDWD EDFN WR

WKH 0DVWHU &RQWURO 6WDWLRQ� 7KHUH� FRPSXWDWLRQV DUH

SHUIRUPHG WR GHWHUPLQH SUHFLVH VDWHOOLWH HSKHPHULV DQG

VDWHOOLWH FORFN HUURUV� 7KH 0DVWHU &RQWURO 6WDWLRQ

JHQHUDWHV WKH XSORDG RI XVHU QDYLJDWLRQ GDWD IRU HDFK

VDWHOOLWH� 7KLV GDWD LV VXEVHTXHQWO\ UHEURDGFDVW E\ WKH

VDWHOOLWH DV SDUW RI LWV QDYLJDWLRQ GDWD PHVVDJH�

7KH 8VHU 6HJPHQW� 7KLV VHJPHQW LV WKH FROOHFWLRQ RI

DOO *36 UHFHLYHUV DQG WKHLU DSSOLFDWLRQ VXSSRUW

HTXLSPHQW VXFK DV DQWHQQDV DQG SURFHVVRUV� 7KLV

HTXLSPHQW DOORZV XVHUV WR UHFHLYH� GHFRGH� DQG SURFHVV

WKH LQIRUPDWLRQ QHFHVVDU\ WR REWDLQ DFFXUDWH SRVLWLRQ�

YHORFLW\� DQG WLPLQJ PHDVXUHPHQWV� 7KLV GDWD LV XVHG E\

WKH UHFHLYHU·V VXSSRUW HTXLSPHQW IRU VSHFLILF

DSSOLFDWLRQ UHTXLUHPHQWV�

*36 VXSSRUWV D ZLGH YDULHW\ RI DSSOLFDWLRQV LQFOXGLQJ

QDYLJDWLRQ� VXUYH\LQJ� DQG WLPH WUDQVIHU� 5HFHLYHUV PD\

EH XVHG LQ D VWDQGDORQH PRGH RU LQWHJUDWHG ZLWK RWKHU

V\VWHPV WR HQKDQFH WKH RYHUDOO V\VWHP SHUIRUPDQFH�

Figure C-2. NAVSTAR GPS Operational Satellite Constellation
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GPS System Operation _____________________________________________________

+RZ $ *36 5HFHLYHU 'HWHUPLQHV 3RVLWLRQ�$ *36

UHFHLYHU GHWHUPLQHV LWV JHRJUDSKLF SRVLWLRQ E\

PHDVXULQJ WKH UDQJHV �WKH GLVWDQFH EHWZHHQ D VDWHOOLWH

ZLWK NQRZQ FRRUGLQDWHV LQ VSDFH DQG WKH UHFHLYHU·V

DQWHQQD� RI VHYHUDO VDWHOOLWHV DQG FRPSXWLQJ WKH

JHRPHWULF LQWHUVHFWLRQ RI WKHVH UDQJHV�

7R GHWHUPLQH D UDQJH� WKH UHFHLYHU PHDVXUHV WKH WLPH

UHTXLUHG IRU WKH *36 VLJQDO WR WUDYHO IURP WKH VDWHOOLWH

WR WKH UHFHLYHU DQWHQQD� 7KH WLPLQJ FRGH JHQHUDWHG E\

HDFK VDWHOOLWH LV FRPSDUHG WR DQ LGHQWLFDO FRGH

JHQHUDWHG E\ WKH UHFHLYHU� 7KH UHFHLYHU·V FRGH LV VKLIWHG

XQWLO LW PDWFKHV WKH VDWHOOLWH·V FRGH� 7KH UHVXOWLQJ WLPH

VKLIW LV PXOWLSOLHG E\ WKH VSHHG RI OLJKW WR DUULYH DW WKH

DSSDUHQW UDQJH PHDVXUHPHQW�

6LQFH WKH UHVXOWLQJ UDQJH PHDVXUHPHQW FRQWDLQV

SURSDJDWLRQ GHOD\V GXH WR DWPRVSKHULF HIIHFWV� DQG

VDWHOOLWH DQG UHFHLYHU FORFN HUURUV� LW LV UHIHUUHG WR DV D

´SVHXGRUDQJH�µ &KDQJHV LQ HDFK RI WKHVH SVHXGRUDQJHV

RYHU D VKRUW SHULRG RI WLPH DUH DOVR PHDVXUHG DQG

SURFHVVHG E\ WKH UHFHLYHU� 7KHVH PHDVXUHPHQWV�

UHIHUUHG WR DV ´GHOWD�SVHXGRUDQJHV�µ DUH XVHG WR

FRPSXWH YHORFLW\�

$ PLQLPXP RI IRXU SVHXGRUDQJH PHDVXUHPHQWV DUH

UHTXLUHG E\ WKH UHFHLYHU WR PDWKHPDWLFDOO\ GHWHUPLQH

WLPH DQG WKH WKUHH FRPSRQHQWV RI SRVLWLRQ �ODWLWXGH�

ORQJLWXGH� DQG DOWLWXGH�� 7KH HTXDWLRQV XVHG IRU WKHVH

FDOFXODWLRQV DUH VKRZQ LQ )LJXUH &��� 7KH VROXWLRQ RI

WKHVH HTXDWLRQV PD\ EH YLVXDOL]HG DV WKH JHRPHWULF

LQWHUVHFWLRQ RI IRXU UDQJHV IURP IRXU NQRZQ VDWHOOLWH

ORFDWLRQV�

)LJXUH &�� LOOXVWUDWHV ´WULDQJXODWLRQ�µ RQH ZD\ WR

HQYLVLRQ WKH QDYLJDWLRQ SURFHVV� )RU HDVH RI

XQGHUVWDQGLQJ� LW LV DVVXPHG WKDW WKH XVHU FORFN LV

V\QFKURQRXV�

$IWHU WKH IRXU UDQJH HTXDWLRQV DUH VROYHG� WKH UHFHLYHU

KDV HVWLPDWHV RI LWV SRVLWLRQ DQG WLPH� 6LPLODU HTXDWLRQV

DUH WKHQ XVHG WR FDOFXODWH YHORFLW\ XVLQJ UHODWLYH

YHORFLWLHV LQVWHDG RI SVHXGRUDQJHV� 7KH SRVLWLRQ�

YHORFLW\� DQG WLPH GDWD LV JHQHUDOO\ FRPSXWHG RQFH D

VHFRQG�

,I RQH RI WKHVH SDUDPHWHUV� VXFK DV DOWLWXGH� LV NQRZQ�

RQO\ WKUHH VDWHOOLWH SVHXGRUDQJH PHDVXUHPHQWV DUH

QHHGHG IRU WKH UHFHLYHU WR GHWHUPLQH LWV SRVLWLRQ DQG

WLPH� ,Q WKLV FDVH� RQO\ WKUHH VDWHOOLWHV QHHG WR EH

WUDFNHG�

Figure C-3. Range Processing Equations
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*36 $FFXUDF\�*36 DFFXUDF\ KDV D VWDWLVWLFDO

GLVWULEXWLRQ ZKLFK LV GHSHQGHQW RQ WZR LPSRUWDQW

IDFWRUV� 7KH H[SHFWHG DFFXUDF\ ZLOO YDU\ ZLWK WKH HUURU

LQ WKH UDQJH PHDVXUHPHQWV DV ZHOO DV WKH JHRPHWU\ RU

UHODWLYH SRVLWLRQV RI WKH VDWHOOLWHV DQG WKH XVHU�

'LOXWLRQ RI 3UHFLVLRQ� 7KH *HRPHWULF 'LOXWLRQ RI

3UHFLVLRQ �*'23� LQGLFDWHV KRZ PXFK WKH JHRPHWULF

UHODWLRQVKLS RI WKH WUDFNHG VDWHOOLWHV DIIHFWV WKH HVWLPDWH

RI WKH UHFHLYHU·V SRVLWLRQ� YHORFLW\� DQG WLPH�

7KHUH DUH IRXU RWKHU '23 FRPSRQHQWV ZKLFK LQGLFDWH

KRZ WKH JHRPHWU\ VSHFLILFDOO\ DIIHFWV HUURUV LQ

KRUL]RQWDO SRVLWLRQ �+'23�� YHUWLFDO SRVLWLRQ �9'23��

SRVLWLRQ �3'23�� DQG WLPH �7'23��

'23V DUH FRPSXWHG EDVHG RQ WKH VSDWLDO UHODWLRQVKLSV

RI WKH OLQHV RI VLJKW EHWZHHQ WKH VDWHOOLWHV DQG WKH XVHU�

7KH PRWLRQ RI WKH VDWHOOLWHV UHODWLYH WR HDFK RWKHU DQG

WKH XVHU FDXVHV WKH '23V WR YDU\ FRQVWDQWO\� )RU WKH

VDPH UDQJH PHDVXUHPHQW HUURUV� ORZHU '23V UHODWH WR

PRUH DFFXUDWH HVWLPDWHV�

7KH HUURUV LQ WKH UDQJH PHDVXUHPHQWV XVHG WR VROYH IRU

SRVLWLRQ PD\ EH PDJQLILHG E\ SRRU JHRPHWU\� 7KH OHDVW

DPRXQW RI HUURU UHVXOWV ZKHQ WKH OLQHV RI VLJKW KDYH WKH

JUHDWHVW DQJXODU VHSDUDWLRQ EHWZHHQ WKHP �VHH )LJXUH

&����

)RU H[DPSOH� LI WZR OLQHV RI VLJKW DUH QHFHVVDU\ WR

HVWDEOLVK D XVHU SRVLWLRQ� WKH OHDVW DPRXQW RI HUURU LV

SUHVHQW ZKHQ WKH OLQHV FURVV DW ULJKW DQJOHV�

5DQJH 0HDVXUHPHQW (UURU� 7KH HUURU LQ WKH UDQJH

PHDVXUHPHQW LV GHSHQGHQW RQ RQH RI WZR OHYHOV RI *36

DFFXUDF\ WR ZKLFK WKH XVHU KDV DFFHVV� 336 LV WKH PRVW

DFFXUDWH� EXW LV UHVHUYHG IRU XVH E\ WKH 'R' DQG

FHUWDLQ DXWKRUL]HG XVHUV� 636 LV OHVV DFFXUDWH DQG

LQWHQGHG IRU JHQHUDO SXEOLF XVH� 7KLV LV WKH OHYHO RI

DFFXUDF\ XVHG E\ WKH =RGLDF IDPLO\ RI *36 UHFHLYHUV�

7KH 636 VLJQDO LV LQWHQWLRQDOO\ GHJUDGHG WR D FHUWDLQ

H[WHQW E\ D SURFHVV NQRZQ DV 6HOHFWLYH $YDLODELOLW\

�6$�� 6$ LV XVHG WR OLPLW DFFHVV WR WKH IXOO DFFXUDF\ RI

636 LQ WKH LQWHUHVW RI 8�6� QDWLRQDO VHFXULW\�

Differential GPS (DGPS)____________________________________________________

'*36 'HVFULSWLRQ� 7KH IROORZLQJ JHQHUDO GHVFULSWLRQ

RI '*36 LV H[FHUSWHG IURP WKH GRFXPHQW 57&0
5HFRPPHQGHG 6WDQGDUGV )RU 'LIIHUHQWLDO 1$967$5 *36
6HUYLFH� 5HIHU WR WKDW GRFXPHQW IRU PRUH VSHFLILF GHWDLOV

RI '*36 RSHUDWLRQV �VHH $SSHQGL[ %��

'LIIHUHQWLDO RSHUDWLRQ RI WKH *36 RIIHUV WKH SRVVLELOLW\

RI DFFXUDFLHV IURP � WR �� PHWHUV IRU G\QDPLF�

QDYLJDWLRQ DSSOLFDWLRQV� $V LOOXVWUDWHG E\ )LJXUH &���

'*36 RSHUDWLRQ UHTXLUHV D UHIHUHQFH UHFHLYHU WR EH

SODFHG DW D NQRZQ� VXUYH\HG�LQ SRLQW� %\ FRPSDULQJ WKH

NQRZQ ORFDWLRQ ZLWK WKDW SUHGLFWHG E\ WKH *36�

FRUUHFWLRQV DUH GHWHUPLQHG� 7KHVH FRUUHFWLRQV DUH WKHQ

EURDGFDVW WR QHDUE\ XVHUV ZKR XVH WKHP WR LPSURYH

WKHLU SRVLWLRQ VROXWLRQV�

6RXUFHV 2I %LDV (UURU� 7KH GLIIHUHQWLDO WHFKQLTXH

ZRUNV LI WKH SUHSRQGHUDQW HUURUV DUH ELDV HUURUV GXH WR

FDXVHV RXWVLGH WKH UHFHLYHU� 7KLV LV WKH FDVH IRU *36�

7KH PDMRU VRXUFHV RI HUURU DUH WKH IROORZLQJ�

Figure C-4. Satellite Ranging Intersections

One range
measurement puts
us somewhere on
this sphere…

Two range measurements put 
us somewhere on this circle…

…Three measurements put us at 
one of two points, of which only 
one is a reasonable solution.
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�� 6$ HUURUV� DUWLILFLDO HUURUV LQWURGXFHG DW WKH

VDWHOOLWHV IRU VHFXULW\ UHDVRQV� 3VHXGRUDQJH

HUURUV RI WKLV W\SH DUH DERXW �� PHWHUV� ��VLJPD�

336 XVHUV KDYH WKH FDSDELOLW\ WR HOLPLQDWH WKHP

HQWLUHO\�

�� ,RQRVSKHULF GHOD\V� VLJQDO SURSDJDWLRQ JURXS

GHOD\ ZKLFK LV W\SLFDOO\ �� WR �� PHWHUV GXULQJ

WKH GD\ DQG � WR � PHWHUV DW QLJKW�

�� 7URSRVSKHULF GHOD\V� VLJQDO SURSDJDWLRQ GHOD\V

FDXVHG E\ WKH ORZHU DWPRVSKHUH� :KLOH WKH

GHOD\V DUH DV PXFK DV �� PHWHUV DW ORZ VDWHOOLWH

HOHYDWLRQ DQJOHV� WKH\ DUH TXLWH FRQVLVWHQW DQG

PRGHOODEOH� 9DULDWLRQV LQ WKH LQGH[ RI UHIUDFWLRQ

FDQ FDXVH GLIIHUHQFHV �EHWZHHQ UHIHUHQFH VWDWLRQ

DQG XVHU� LQ VLJQDO GHOD\V IURP � WR � PHWHUV IRU

ORZ�O\LQJ VDWHOOLWHV�

�� (SKHPHULV HUURU� GLIIHUHQFHV EHWZHHQ WKH DFWXDO

VDWHOOLWH ORFDWLRQ DQG WKH ORFDWLRQ SUHGLFWHG E\

WKH VDWHOOLWH RUELWDO GDWD� 1RUPDOO\ WKHVH DUH TXLWH

VPDOO� OHVV WKDQ � PHWHUV� EXW WKH\ FRXOG EH PRUH

WKDQ �� PHWHUV XQGHU 6$�

�� 6DWHOOLWH FORFN HUURUV� GLIIHUHQFHV EHWZHHQ WKH

VDWHOOLWH FORFN WLPH DQG WKDW SUHGLFWHG E\ WKH

VDWHOOLWH GDWD� 7KH RVFLOODWRU WKDW WLPHV WKH

VDWHOOLWH VLJQDO LV IUHH�UXQQLQJ� WKH *36 JURXQG

FRQWURO VWDWLRQ PRQLWRUV LW DQG HVWDEOLVKHV

FRUUHFWLRQV WKDW DUH VHQW XS WR WKH VDWHOOLWH WR VHW

WKH GDWD PHVVDJH� 7KH XVHU UHDGV WKH GDWD DQG

DGMXVWV WKH VLJQDO WLPLQJ DFFRUGLQJO\�

6DWHOOLWH FORFN HUURUV DUH FRPSOHWHO\ FRPSHQVDWHG E\

GLIIHUHQWLDO RSHUDWLRQ DV ORQJ DV ERWK UHIHUHQFH DQG XVHU

UHFHLYHUV DUH HPSOR\LQJ WKH VDPH VDWHOOLWH GDWD�

(SKHPHULV HUURUV� XQOHVV WKH\ DUH TXLWH ODUJH ��� PHWHUV

RU PRUH� DUH VLPLODUO\ FRPSHQVDWHG E\ GLIIHUHQWLDO

RSHUDWLRQ� 6$ HUURUV WKDW DIIHFW WKH WLPLQJ RI WKH VLJQDOV

DUH DOVR FRPSHQVDWHG E\ GLIIHUHQWLDO RSHUDWLRQ� H[FHSW

WKDW WKH FRUUHFWLRQV ORVH WKHLU YDOLGLW\ DIWHU D SHULRG RI

WLPH�

)RU XVHUV QHDU WKH UHIHUHQFH VWDWLRQ� WKH UHVSHFWLYH

VLJQDO SDWKV WR WKH VDWHOOLWHV DUH VXIILFLHQWO\ FORVH VR WKDW

FRPSHQVDWLRQ LV DOPRVW FRPSOHWH� $V WKH XVHU�UHIHUHQFH

VWDWLRQ VHSDUDWLRQ LV LQFUHDVHG� WKH GLIIHUHQW LRQRVSKHULF

DQG WURSRVSKHULF SDWKV WR WKH VDWHOOLWHV PD\ EH

VXIILFLHQWO\ IDU DSDUW WKDW WKH DWPRVSKHULF

LQKRPRJHQHLWLHV FDXVH WKH GHOD\V WR GLIIHU VRPHZKDW�

7R WKH H[WHQW WKH\ GLIIHU� WKH\ FRQVWLWXWH DQ HUURU LQ WKH

'*36 PHDVXUHPHQW� FDOOHG VSDWLDO GHFRUUHODWLRQ� 7KLV

W\SH RI HUURU ZLOO EH JUHDWHU DW ODUJHU XVHU�VWDWLRQ

VHSDUDWLRQV�

5HTXLUHG '*36 (TXLSPHQW� 7KH HTXLSPHQW FRQVLVWV

RI D *36 UHFHLYHU ZLWK DQWHQQD� D GDWD SURFHVVRU� D GDWD

OLQN UHFHLYHU ZLWK DQWHQQD� DQG LQWHUIDFLQJ HTXLSPHQW DV

LOOXVWUDWHG LQ )LJXUH &��� 7KH GDWD SURFHVVRU DSSOLHV WKH

FRUUHFWLRQV UHFHLYHG IURP WKH UHIHUHQFH VWDWLRQ WR WKH

SVHXGRUDQJHV PHDVXUHG E\ WKH VHQVRU�

$SSOLFDWLRQ RI '*36 &RUUHFWLRQV� )RU HDFK VDWHOOLWH

HPSOR\HG E\ WKH XVHU·V UHFHLYHU� WKH FRUUHFWLRQ

REWDLQHG IURP WKH UHIHUHQFH VWDWLRQ �0HVVDJH 7\SH � RU

�� LV DGGHG WR WKH SVHXGRUDQJH PHDVXUHPHQW� 7KH

FRUUHFWLRQ LWVHOI LV GHULYHG IURP WKH UDQJH DQG UDQJH�

UDWH� DGMXVWHG WR DFFRXQW IRU WKH WLPH HODSVHG EHWZHHQ

WKH WLPH RI UHFHSWLRQ RI WKH FRUUHFWLRQ DQG WKH WLPH RI

WKH XVHU SVHXGRUDQJH PHDVXUHPHQW� DV IROORZV�

FH9�j� 3 FH9�je� ! HH9 n Qj#jeS

ZKHUH 35&�W� LV WKH FRUUHFWLRQ WR EH DSSOLHG� 35&�WR� LV

WKH UDQJH FRUUHFWLRQ IURP WKH PHVVDJH� 55& LV WKH

UDQJH�UDWH FRUUHFWLRQ IURP WKH PHVVDJH� WR LV WKH WLPH

Figure C-5. Geometrical Dilution of Precision
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UHIHUHQFH RI WKH FRUUHFWLRQ� DQG W LV WKH WLPH DVVRFLDWHG

ZLWK WKH SVHXGRUDQJH PHDVXUHPHQW�

2FFDVLRQDOO\ D 7\SH � PHVVDJH LV VHQW LQWHUVSHUVHG

DPRQJ WKH FRUUHFWLRQ PHVVDJHV� ZKLFK SURYLGHV D

VHFRQGDU\ FRUUHFWLRQ� 7KLV LV GRQH WR DOORZ D XVHU WR

RSHUDWH ZLWK ROG �XS WR WZR KRXUV� VDWHOOLWH HSKHPHULV

DQG VDWHOOLWH FORFN GDWD ZKLOH WKH UHIHUHQFH VWDWLRQ LV

RSHUDWLQJ ZLWK WKH PRVW UHFHQW GDWD� 7KLV FRUUHFWLRQ�

FDOOHG WKH ´GHOWD FRUUHFWLRQ�µ LV DGGHG WR WKH QRUPDO

FRUUHFWLRQ IRU WKDW VDWHOOLWH� 7KH UHIHUHQFH VWDWLRQ ZLOO

XVXDOO\ GHFRGH WKH VDWHOOLWH GDWD EHIRUH WKH XVHU GRHV

VLQFH LW LV FRQVWDQWO\ PRQLWRULQJ WKH GDWD�

'DWD /LQN� 7KH GDWD OLQN� ZKLFK FRPPXQLFDWHV WKH

FRUUHFWLRQV IURP WKH UHIHUHQFH VWDWLRQ WR WKH XVHU

UHFHLYHU� FDQ WDNH D QXPEHU RI IRUPV DQG RSHUDWH DW DQ\

RI VHYHUDO IUHTXHQFLHV� 7KH FKLHI UHTXLUHPHQW LV WKDW WKH

PHVVDJHV EH FRPPXQLFDWHG UHOLDEO\ DW D GDWD UDWH RI DW

OHDVW �� ESV �FRQWLQXRXV WUDQVPLVVLRQ�� )LJXUH &��

VKRZV WKH XVHU GDWD OLQN IXQFWLRQV�

,Q LWV VLPSOHVW IRUP� WKH GDWD OLQN FRQWLQXRXVO\ FDUULHV

WKH '*36 GDWD PHVVDJH ZLWKRXW LQWHUUXSWLRQ DW D

FRQVWDQW GDWD UDWH RI DW OHDVW �� ESV� +RZHYHU� LW LV

WUDQVSDUHQW WR WKH *36 UHFHLYHU ZKHWKHU WKH GDWD LV

WUDQVPLWWHG FRQWLQXRXVO\ RU LQ EXUVWV� RU ZKHWKHU

SURWRFRO RYHUKHDG LV DGGHG� )RU H[DPSOH� HDFK PHVVDJH

�RU PXOWLSOH PHVVDJHV� RU DQ\ IUDFWLRQ RI D PHVVDJH�

FRXOG EH WUDQVPLWWHG DV D VKRUW EXUVW DW ���� ESV� DORQJ

ZLWK D GDWD OLQN SURWRFRO SUHDPEOH� SDULW\� DQG HYHQ

HUURU FRUUHFWLRQ ELWV� 7KLV ZRXOG EH VWULSSHG RII DW WKH

UHFHLYHU HQG DQG WKH GLIIHUHQWLDO FRUUHFWLRQ ELWV ZRXOG

EH VWRUHG LQ WKH EXIIHU� WR EH WUDQVIHUUHG WR WKH UHFHLYHU

DW ZLOO�

'*36 EURDGFDVWV LQWHQGHG IRU JHQHUDO SXEOLF XVH

UHTXLUH WKDW WKH GDWD OLQN EH D VWDQGDUG� SXEOLVKHG

GHVLJQ� )RU QRQ�SXEOLF XVH� KRZHYHU� WKH UHIHUHQFH

VWDWLRQ� GDWD OLQN� DQG UHFHLYHUV FRXOG EH SDUW RI DQ

LQWHJUDWHG '*36 V\VWHP� ,Q VXFK D FDVH� WKH GDWD PLJKW

EH HQFU\SWHG WR OLPLW WKH VHUYLFH WR SD\LQJ FXVWRPHUV�

7KH IRUPDW DOORZV IRU VXFK RSHUDWLRQ�

$W WKH PLQLPXP UDWH RI �� ESV� WKHUH LV FRQVLGHUDEOH

UREXVWQHVV LQ WKH GDWD OLQN� 7KH FRUUHFWLRQV DUH

EURDGFDVW IUHTXHQWO\ HQRXJK VR WKDW WKH ORVV RI DV PDQ\

DV WKUHH FRQVHFXWLYH FRUUHFWLRQV FDQ EH WROHUDWHG DQG

VWLOO SURYLGH ILYH�PHWHU DFFXUDF\�

Figure C-6. DGPS Operation

• GPS receiver at fixed
surveyed  location

— Calculates error in
each satellite range

• Correction factors are
broadcast to all mobile
units for all satellites

• Position accuracies of
< 2m are achievable
with good DGPS
correction data
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Figure C-7. User Equipment Block Diagram
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APPENDIX D: Frequently Asked Questions

7KLV $SSHQGL[ SURYLGHV DQVZHUV WR IUHTXHQWO\ DVNHG TXHVWLRQV DERXW *36 LQ JHQHUDO DQG DERXW WKH =RGLDF IDPLO\ RI

*36 UHFHLYHUV LQ SDUWLFXODU� 7KHVH TXHVWLRQV DUH LQWHQGHG WR VXSSOHPHQW WKH RSHUDWLRQDO GHVFULSWLRQ SURYLGHG LQ 6HFWLRQ

� RI WKLV 'HVLJQHU·V *XLGH�

�� +RZ IDU DQG XQGHU ZKDW FRQGLWLRQV FDQ D SDVVLYH DQWHQQD WUDFN EHIRUH LW LV QHFHVVDU\ WR FKDQJH LW WR DQ

DFWLYH DQWHQQD"

7KHUH LV QR VLPSOH DQVZHU WR WKLV TXHVWLRQ� &RQH[DQW JHQHUDOO\ UHFRPPHQGV OLPLWLQJ FDEOH ORVV WR � G% EHWZHHQ

WKH DQWHQQD DQG WKH UHFHLYHU ERDUG� ,I DWWHQXDWLRQ H[FHHGV WKLV YDOXH WKHUH OLNHO\ ZLOO EH GHJUDGHG VLJQDO

DFTXLVLWLRQ DQG QDYLJDWLRQ DFFXUDF\ SHUIRUPDQFH� ,W LV WUXH WKDW *36 VDWHOOLWHV WUDQVPLW PRUH SRZHU WKDQ WKHLU

VSHFLILFDWLRQ UHTXLUHV� EXW WKDW PDUJLQ KDV EHHQ DOORFDWHG WR WKH � G% FDEOH ORVV� 7KH VDIHVW DSSURDFK LV WR XVH DQ

DFWLYH DQWHQQD XQOHVV WKH DQWHQQD DQG UHFHLYHU HQJLQH DUH FR�ORFDWHG�

�� &DQ WKH =RGLDF UHFHLYHU RSHUDWH HIILFLHQWO\ LQ DQ XUEDQ ORFDWLRQ ZLWK WDOO RIILFH VWUXFWXUHV DQG EXLOGLQJV"

7KH UHFHLYHU RSHUDWHV HIILFLHQWO\ LQ DQ XUEDQ HQYLURQPHQW EHFDXVH LW FRQWDLQV �� SDUDOOHO FKDQQHOV DQG

&LW\7UDFNHU70 VRIWZDUH ZKLFK DOORZV RSWLPDO SHUIRUPDQFH LQ WKLV VHWWLQJ� 7KH SDUDOOHO FKDQQHOV PDLQWDLQ

FRQWLQXRXV WUDFNLQJ RI DOO VDWHOOLWHV WKDW DUH YLVLEOH DW DQ\ SRLQW LQ WLPH DQG DUH XVHG WR SURGXFH DQ RYHUGHWHUPLQHG

VROXWLRQ WKDW PLQLPL]HV WKH HIIHFWV RI VLJQDO EORFNDJH� :KHQ WKHVH VLJQDOV DUH PRPHQWDULO\ ORVW GXH WR EORFNDJH RU

DWWHQXDWLRQ� WKH QDYLJDWLRQ SURFHVV W\SLFDOO\ KDV PRUH WKDQ HQRXJK VLJQDOV UHPDLQLQJ WR VXSSRUW FRQWLQXRXV

QDYLJDWLRQ� 7KH &LW\7UDFNHU70 VRIWZDUH SURYLGHV DGGLWLRQDO VPRRWKLQJ E\ PLQLPL]LQJ WKH HIIHFWV RI VHOHFWLYH

DYDLODELOLW\ RQ GLIIHUHQW FRPELQDWLRQV RI *36 VDWHOOLWH VLJQDOV�

�� ,V WKHUH DQ\ GDQJHU WR WKH UHFHLYHU ZKHQ VZLWFKLQJ LV GRQH EHWZHHQ DFWLYH DQG SDVVLYH DQWHQQDV"

<HV� ,I SUHDPS SRZHU LV VXSSOLHG WR DQ DFWLYH DQWHQQD DQG WKHQ FRQQHFWHG WR D SDVVLYH DQWHQQD WKHUH LV D KLJK

SUREDELOLW\ RI GDPDJH VLQFH WKH SDVVLYH DQWHQQD RIWHQ SUHVHQWV D VKRUW FLUFXLW WR JURXQG DW '&� 7KLV WKHQ VKRUWV

RXW WKH SUHDPS SRZHU OLQH DQG GHVWUR\V WKH ELDV�WHH QHWZRUN RQ WKH UHFHLYHU�

�� :KDW LV WKH FULWHULD IRU FKRRVLQJ VDWHOOLWHV IRU QDYLJDWLRQ LI PRUH WKDQ IRXU DUH YLVLEOH"

7KH =RGLDF UHFHLYHU FRQWLQXRXVO\ WUDFNV DOO YLVLEOH VDWHOOLWHV� 7KH PHDVXUHPHQWV IURP WKHVH VDWHOOLWHV DUH DOO XVHG LQ

DQ RYHUGHWHUPLQHG VROXWLRQ WR SURYLGH WKH PRVW UREXVW SHUIRUPDQFH WKDW LV SRVVLEOH�

�� :KDW LV WKH DFFXUDF\ RI *36 ZLWK VHOHFWLYH DYDLODELOLW\ WXUQHG RQ" +RZ LV WKH DFFXUDF\ DIIHFWHG E\

'*36"

7KH 8�6� *RYHUQPHQW JXDUDQWHHV WKDW KRUL]RQWDO DFFXUDF\ ZLOO EH OHVV WKDQ ��� PHWHUV �� SHUFHQW RI WKH WLPH DQG

OHVV WKDQ ��� PHWHUV ����� SHUFHQW RI WKH WLPH� $FFXUDF\ ZLWK '*36 LV SULPDULO\ D IXQFWLRQ RI WKH TXDOLW\ DQG

ODWHQF\ RI WKH FRUUHFWLRQV XVHG�

�� :KDW LV WKH GLIIHUHQFH EHWZHHQ WKH WZR PRGHOV IRU SRVLWLRQ GHWHUPLQDWLRQ XVHG LQ *36� :*6 �� DQG

(DUWK�&HQWHUHG�(DUWK�)L[HG �(&()�"

(&() UHIHUV WR D &DUWHVLDQ �UHFWDQJXODU� FRRUGLQDWH V\VWHP �[�\�]�� ZKRVH FHQWHU LV DW WKH PLGGOH RI WKH (DUWK� RQH

D[LV JRHV WKURXJK WKH 1RUWK 3ROH� RQH WKURXJK WKH *UHHQZLFK PHULGLDQ DW WKH HTXDWRU� DQG WKH WKLUG SDVVHV

WKURXJK WKH HTXDWRU �� GHJUHHV RIIVHW IURP WKH VHFRQG� 7KLV V\VWHP URWDWHV ZLWK WKH (DUWK� *36 VDWHOOLWHV

EURDGFDVW WKHLU ORFDWLRQ LQ WKLV FRRUGLQDWH V\VWHP�

:*6��� FRQWDLQV D PDWKHPDWLFDO PRGHO RI WKH (DUWK·V VXUIDFH �VSKHURLG� ZKLFK LV D JRRG� ZHOO�DFFHSWHG PRGHO

ZRUOGZLGH� 7KH PRGHO GRHV KDYH VRPH OLPLWDWLRQV WKDW PXVW EH XQGHUVWRRG� )RU H[DPSOH� � PHWHUV DOWLWXGH PD\
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GLIIHU IURP VHD OHYHO LQ WKLV PRGHO E\ DV PXFK DV a��� PHWHUV� 3RVLWLRQ LQ :*6��� LV VSHFLILHG LQ ODWLWXGH DQG

ORQJLWXGH DQG E\ WKH DOWLWXGH DERYH WKH :*6��� VSKHURLG �(DUWK VXUIDFH PRGHO��

�� :KDW DUH WKH DGGUHVVHV IRU 8�6� )0 '*36 VHUYLFH SURYLGHUV"

$&&432,17 &RPPXQLFDWLRQV &RUS�

���� &DPSXV 'ULYH

,UYLQH� &$ �����

����� ��������

'LIIHUHQWLDO &RUUHFWLRQV ,QF� �'&,�

����� 0LOOHU $YHQXH

&XSHUWLQR� &$ �����

����� ��������

�� 'RHV WKH =RGLDF UHFHLYHU SURYLGH DQ RYHUGHWHUPLQHG VROXWLRQ"

7KH =RGLDF SURYLGHV DOO�LQ�YLHZ SDUDOOHO WUDFNLQJ RI DOO YLVLEOH VDWHOOLWHV� ,Q 636 PRGH DOO YDOLG PHDVXUHPHQWV DUH

XVHG WR SURGXFH DQ RYHUGHWHUPLQHG QDYLJDWLRQ VROXWLRQ WR PLQLPL]H SRVLWLRQ H[FXUVLRQV DULVLQJ IURP VHOHFWLYH

DYDLODELOLW\ DQG ORVV RI VLJQDOV� ,Q '*36 DOO YDOLG PHDVXUHPHQWV ZLWK YDOLG '*36 FRUUHFWLRQV DUH DOVR XVHG LQ DQ

RYHUGHWHUPLQHG VROXWLRQ� )RU H[DPSOH� LI � VDWHOOLWHV DUH LQ WUDFN� DOO DUH SURGXFLQJ YDOLG PHDVXUHPHQWV� DQG

'*36 FRUUHFWLRQV DUH DYDLODEOH IRU � RI WKH �� WKHQ � '*36 FRUUHFWHG PHDVXUHPHQWV ZLOO EH XVHG LQ WKH

RYHUGHWHUPLQHG '*36 VROXWLRQ�

�� +RZ LV KHDGLQJ GDWD DW ORZ VSHHGV GHULYHG" 6KRXOGQ·W WKH KHDGLQJ EH GHULYHG IURP 'RSSOHU GDWD UDWKHU

WKDQ SRVLWLRQ GLIIHUHQFHV"

7KH =RGLDF DQG RWKHU &RQH[DQW UHFHLYHUV FRPSXWH YHORFLW\ IURP WKH FDUULHU ORRS 'RSSOHU LQIRUPDWLRQ� +HDGLQJ

DQJOH LV WKHQ FRPSXWHG IURP HDVW DQG QRUWK YHORFLW\ DV WKH DUFWDQJHQW �9H�9Q�� 6HOHFWLYH DYDLODELOLW\ LQGXFHV DQ

HUURU RQ WKH *36 FORFN DQG WKXV WKH FDUULHU 'RSSOHU LQIRUPDWLRQ LV FRUUXSWHG MXVW DV WKH SVHXGRUDQJH LV

FRUUXSWHG� +RZHYHU� WKH FDUULHU GDWD LV D PXFK EHWWHU VRXUFH RI YHORFLW\ LQIRUPDWLRQ WKDQ SRVLWLRQ GLIIHUHQFHV�

7KH ZRUVW FDVH KHDGLQJ HUURU DW � PHWHUV SHU VHFRQG LV ��� GHJUHHV ZKHQ VHOHFWLYH DYDLODELOLW\ LV RII RU '*36 LV

RQ� $OO KHDGLQJ GHWHUPLQDWLRQ WHFKQLTXHV XVLQJ *36 YHORFLWLHV KDYH ODUJH XQFHUWDLQWLHV DW VPDOO YHORFLWLHV ZKHQ

WKH YHORFLW\ DSSURDFKHV WKH PDJQLWXGH RI WKH LQKHUHQW QRLVH�
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APPENDIX E: Reference Ellipsoids And Datum Tables For Zodiac And
NavCore Receivers

5HIHUHQFH (OOLSVRLGV� 7KH IROORZLQJ GDWD LV WDNHQ IURP 'R' :RUOG *HRGHWLF 6\VWHP ����� '0$ 75 �������%� � 'HF

����� 6HFRQG 3ULQWLQJ� ,QFOXGHV � 6HSW ���� XSGDWHV�

5()(5(1&( (//,362,'6

1R�� 1DPH� 6HPL�0DMRU $[LV� ,QYHUVH )ODWWHQLQJ�

� $LU\ �������������� ����������

� 0RGLILHG $LU\ �������������� ����������

� $XVWUDOLDQ 1DWLRQDO �������������� ����������

� %HVVHO ���� �������������� ����������

� &ODUNH ���� �������������� ����������

� &ODUNH ���� �������������� ����������

� (YHUHVW ���� �������������� ����������

� (YHUHVW ���� �������������� ����������

� )LVFKHU ���� �������������� ����������

�� 0RGLILHG )LVFKHU ���� �������������� ����������

�� )LVFKHU ���� �������������� ����������

�� *56 ���� �������������� ����������

�� +HOPHUW ���� �������������� ����������

�� +RXJK �������������� ����������

�� ,QWHUQDWLRQDO �������������� ����������

�� .UDVVRYVN\ �������������� ����������

�� 6RXWK $PHULFDQ ���� �������������� ����������

�� :*6 �� �������������� ����������

�� :*6 �� �������������� ����������

�� :*6 �� �������������� ����������

�� :*6 �� �������������� ����������

�� %HVVHO ���� �1DPLELD� �������������� ����������

�� (YHUHVW ���� �������������� ����������

�� (YHUHVW ���� �������������� ����������

�� (YHUHVW �6DEDK 	 6DUDZDN� �������������� ����������

�� 6*6 �� �������������� ����������
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=RGLDF 'DWXP 7DEOH� 7KH IROORZLQJ OLVW RI GDWXPV� PDLQWDLQHG DQG VHOHFWDEOH WKURXJK WKH /$%021 HYDOXDWLRQ

VRIWZDUH� DSSOLHV WR &RQH[DQW·V =RGLDF )DPLO\ RI *36 UHFHLYHUV�

520�'DWXPV

&RGH� 1DPH� (OO� G[� G\� G]�

� :*6 �� � 'HIDXOW �� � � �

� $GLQGDQ � 0($1 )25 (WKLRSLD� 6XGDQ � ���� ��� ���

� $GLQGDQ � %XUNLQD )DVR � ���� ��� ���

� $GLQGDQ � &DPHURRQ � ���� �� ���

� $GLQGDQ � (WKLRSLD � ���� ��� ���

� $GLQGDQ � 0DOL � ���� ��� ���

� $GLQGDQ � 6HQHJDO � ���� ��� ���

� $GLQGDQ � 6XGDQ � ���� ��� ���

� $IJRR\H � 6RPDOLD �� ��� ���� ��

� $LQ HO $EG ���� � %DKUDLQ �� ���� ���� ��

�� $LQ HO $EG ���� � 6DXGL $UDELD �� ���� ���� �

�� $QQD � $VWUR ���� � &RFRV ,VODQGV � ���� ��� ���

�� $QWLJXD ,VODQG $VWUR ����

$QWLJXD �/HHZDUG ,VODQGV�

� ���� �� ��

�� $UF ����

0($1 )25 %RWVZDQD� /HVRWKR� 0DODZL� 6ZD]LODQG� =DLUH�

=DPELD� =LPEDEZH

� ���� ��� ����

�� $UF ���� � %RWVZDQD � ���� ���� ����

�� $UF ���� � %XUXQGL � ���� �� ����

�� $UF ���� � /HVRWKR � ���� ���� ����

�� $UF ���� � 0DODZL � ���� ��� ����

�� $UF ���� � 6ZD]LODQG � ���� ���� ����
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&RGH� 1DPH� (OO� G[� G\� G]�

�� $UF ���� � =DLUH � ���� ��� ����

�� $UF ���� � =DPELD � ���� ��� ����

�� $UF ���� � =LPEDEZH � ���� ��� ����

�� $UF ���� � 0($1 )25 .HQ\D� 7DQ]DQLD � ���� �� ����

�� $VFHQVLRQ ,VODQG ����

$VFHQVLRQ ,VODQG

�� ���� ��� ��

�� $VWUR %HDFRQ ( ���� � ,ZR -LPD �� ��� �� ����

�� $VWUR '26 ���� � 6W +HOHQD ,VODQG �� ���� ��� ����

�� $VWUR 7HUQ ,VODQG �)5,*� ����

7HUQ ,VODQG

�� ��� ���� ����

�� $VWURQRPLFDO 6WDWLRQ ����

0DUFXV ,VODQG

�� ��� ���� ���

�� $XVWUDOLDQ *HRGHWLF ����

$XVWUDOLD 	 7DVPDQLD

� ���� ��� ���

�� $XVWUDOLDQ *HRGHWLF ����

$XVWUDOLD 	 7DVPDQLD

� ���� ��� ���

�� $\DEHOOH /LJKWKRXVH � 'MLERXWL � ��� ���� ���

�� %HOOHYXH �,*1�

(IDWH 	 (UURPDQJR ,VODQGV
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0 WGS-84 (Default)
1 Adindan
2 AFG
3 AIN EL ABD 1970
4 Anna 1 Astro 1965
5 ARC 1950
6 ARC 1960
7 Ascension Island 1958
8 Astro Beacon “E”
9 Astro B4 SOR. ATOLL
10 Astro POS 71/4
11 Astronomic Station 1952
12 Australian Geodetic 1966
13 Australian Geodetic 1984
14 Bellevue (IGN)
15 Bermuda 1957
16 Bogota Observatory
17 Campo Inchauspe
18 Canton Island 1966
19 Cape
20 Cape Canaveral
21 Carthage
22 Chatham 1971
23 Chua Astro
24 Corrogo Alegre
25 Djakarta (Batavia)
26 DOS 1968
27 Easter Island 1967
28 European 1950
29 European 1979
30 Gandajika Base
31 Geodetic Datum 1949
32 Guam 1963
33 GUX 1 Astro
34 Hjorsey 1955
35 Hong Kong 1963
36 Indian Thailand
37 Indian Bangladesh
38 Ireland 1965
39 ISTS 073 Astro 1969
40 Johnston Island 1962
41 Kandawala
42 Kerguelen Island
43 Kertau 1948
44 La Reunion
45 L.C. 5 Astro
46 Liberia 1964
47 Luzon
48 Mindanao Island

49 Mahe 1971
50 Marco Astro
51 Massawa
52 Merchich
53 Midway Astro 1961
54 Minna
55 Nahrwan Masirah Island
56 Narhwan United Arab Emirates
57 Nahrwan Saudia Arabia
58 Namibia
59 Naparima, BWI
60 NAD-27 Conus
61 NAD-27 Alaska
62 NAD-27 Bahamas
63 NAD-27 San Salvador Island
64 NAD-27 Canada
65 NAD-27 Canal Zone
66 NAD-27 Caribbean
67 NAD-27 Central America
68 NAD-27 Cuba
69 NAD-27 Greenland
70 NAD-27 Mexico
71 North America 1983
72 Observatorio 1966
73 Old Egyptian 1960
74 Old Hawaiian
75 Oman
76 Ordinance Survey of Great Britain
77 Pico de las Nieves
78 Pitcairn Astro 1967
79 Provisional South Chilean 1963
80 Provisional South American 1956
81 Puerto Rico
82 Qatar National
83 Qornoq
84 Rome 1940
85 Santa Braz
86 Santo (DOS)
87 Sapper Hill
88 South American 1969
89 South Asia
90 Southeast Base
91 Southwest Base
92 Timbalai 1948
93 Tokyo
94 Tristan Astro 1968
95 Viti Levu 1916
96 Wake-Eniwetok 1960
97 Zanderij
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APPENDIX F: 2x10 Pin Field Connector Information

7KLV DSSHQGL[ FRQWDLQV VSHFLILFDWLRQV DQG RUGHULQJ LQIRUPDWLRQ IRU WKH �[�� SLQ ILHOG FRQQHFWRU �DYDLODEOH IURP (OFR�

,QF���
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3DJH )�� %QPGZCPCV 5[UVGOU� +PE� ����

C465

18.00 mm (0.7087 in)

PWB surface

2.00 mm (0.0787 in)

6.35 mm
(0.250 in)

0.508 mm
(0.02 in)

square pins

2x10 Pin Field Header Mechanical Detail
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APPENDIX G: RF Connector Information

7KLV DSSHQGL[ FRQWDLQV VSHFLILFDWLRQV DQG RUGHULQJ LQIRUPDWLRQ IRU WKH 5) FRQQHFWRU�
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APPENDIX H: RG-142 and RG-316 Specifications

7KLV DSSHQGL[ SURYLGHV WHFKQLFDO VSHFLILFDWLRQV IRU WKH 5*���� DQG 5*���� DQWHQQD FDEOHV XVHG ZLWK WKH =RGLDF *36

UHFHLYHU�

7\SLFDO 6SHFLILFDWLRQ IRU 5*�����

,� (OHFWULFDO &KDUDFWHULVWLFV�

Nominal impedance 50 ohms
Nominal inductance 0.065 micro-h/ft
Nominal capacitance (conductor to shield) 29.0 pf/ft
Nominal velocity of propagation 69.5%
Nominal delay 1.48 pf/ft
Nominal attenuation 1500 Mhz

32.0 dB/100 ft
Nominal shield dc resistance @ 20 degrees C 2.3 ohms/1000 ft
Nominal conductor dc resistance @ 20 degrees C 16.3 ohms/1000 ft
Continuous working voltage 1400 V RMS maximum

,,� 3K\VLFDO &KDUDFWHULVWLFV�

Nominal weight 43 lbs/1000 ft
Minimum bending radius 2.0 inches
Temperature rating -70 to +200 degrees C
Type shield and percent coverage 2 silver coated copper

Inner braid, 96%
Outer braid, 95%

Maximum pulling tension 146 lbs
Insulation material TFE Teflon*
Jacket material Brown tint FEP Teflon*
Conductor diameter 0.037 inches nominal
Core diameter 0.1155 inches nominal
Outside dimensions 0.195 inches nominal


7HIORQ LV D WUDGHPDUN RI 'X3RQW
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7\SLFDO 6SHFLIFDWLRQ IRU 5*�����

,� (OHFWULFDO &KDUDFWHULVWLFV�

Nominal impedance 50 ohms
Nominal inductance 0.065 micro-h/ft
Nominal capacitance (conductor to shield) 29.0 pf/ft
Nominal velocity of propagation 69.5%
Nominal delay 1.48 pf/ft
Nominal attenuation 1500 Mhz

57.9 dB/100 ft
Nominal shield dc resistance @ 20 degrees C 6.5 ohms/1000 ft
Nominal conductor dc resistance @ 20 degrees C 33.0 ohms/1000 ft
Continuous working voltage 900 V RMS

,,� 3K\VLFDO &KDUDFWHULVWLFV�

Nominal weight 10 lbs/1000 ft
Minimum bending radius 1.0 inch
Temperature rating -70 to +200 degrees C
Type shield and percent coverage Silver coated copper

Inner braid, 96%
Outer braid, 96%

Maximum pulling tension 21 lbs
Insulation material TFE Teflon*
Jacket material Brown tint FEP Teflon*
Conductor diameter 0.020 inches nominal
Core diameter 0.58 inches nominal
Outside dimensions 0.96 inches nominal
Applicable specifications MIL-C-17F (M17/113-RG316)
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