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Abstract

Global Positioning System (GPS) has been developed and maintained by the
Unite States of America since 1970. It is able to provide real time navigation and
positioning capabilities for users from airborne, marine and land vehicular
platforms, respectively. GPS has been widely applied in Taiwan for past decades
and it has been proven to be able to provide navigation solutions regardless of
the weather condition with sufficient accuracy and efficiency for various
applications. It is well recognized as one of the best Global Navigation Satellite
Systems (GNSS) among those counterparts from Russia, Europe union, and
China, respectively. The advance of GPS infrastructure as well as related
hardware and software technologies extends the spectrum of its applications. In
fact, it has been widely applied in geodetic surveying, engineering surveying,
aerial photogrammetry, navigation, crust movement monitoring, deformation
surveying, resources investigation and geodynamics. GPS has developed tightly

coupled relationships to numerous economical activities and daily life.

This research aims at developing the infrastructures and algorithms for
Wide Area Differential GNSS (WADGNSS) test bed using continuous satellite
measurements provide by the electronic-global satellite real-time kinematic
positioning system (e-GPS) and the differential corrections broadcasted by the
radio beacon managed by the National Land Survey and Mapping Center
(NLSC), Ministry of the Interior, Executive Yuan of ROC (Taiwan). The
ultimate objective is to develop the WADGNSS service for Taiwan region. In
addition, this research also develops a personal navigation module that can
receive differential corrections through multi-channel broadcast provided by the

WADGNSS test bed to perform real time positioning with improved accuracy.

The preliminary results concerning the development of WADGNSS test bed
presented in this study indicate that users can access the distribution of reference
stations, satellite tracks, the positioning accuracy at reference stations, and the

status of those stations and connectivity between them through the graphical
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interface designed in this study. In addition, the Stanford Chart analysis given in
this study can provide detailed information about the accuracy, integrity,
continuity and availability provided by the proposed system. Based on the
analysis presented in this study, the proposed system can provide real time
differential GNSS corrections for avionic, marine and land based platforms with

sufficient accuracy and safety in the future.

The preliminary results concerning the development of the prototype of
integrated personal navigation device with in-house developed navigation
algorithms using C++ languages illustrate the horizontal positioning accuracy
with WADGNSS test bed can reach 1.6 meters. Although it is slightly worse
than the accuracy of DGNSS > which is 1.4 meters, it can alarm the users not to
use the system when the positioning accuracy doesn’t meet the requirements to
protect users. This is the fundamental but critical difference between
WADGNSS and conventional DGPS service.

Keywords : Global Navigation Satellite System - Wide area differential
correction - differential positioning - integrity
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g - %54% m&* W e bk 2 RAE 4ol R e L)
SN2 PRFEF o d LBl A F B IR > - SR T v PRF+(Standard Positioning
Service, SPS)&2 #X = j&ﬁx;ﬁ;« o~ D ARG R G 2 R A R kSR
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Differential Differential ~ Code Phase —
Carrier Phase Code Phase
e = SPS w/SA
=g SPS wo/SA
S o -
—_— =
g = PPS
< WADGNSS (this project)
=) E Local Area
S8 e-GPS(Network DGPS)
—
Dynamic
= £
%§ Static &Kinematic Survey
| |

lcm 10cm 1m 10 m 100 m
Accuracy

B 2-2 (% @k Wi 2 KBTI CFL TR ILR

§2-1-1 >zkiFh Hi2 24 TRk

DI AR RS R 2 R G E 2 e LRI o

d 3 AR * e I Fh ek s R L@ AP ap ¥ AR

e P 2R AF R hiEk FA ke 7 FRDRIRTE kR

(Global Positioning System, GPS) » # % #7737 GLONASS(GLObal NAvigation
Satellite System, GLONASS) ~ # & =1 Compass * fv& P ¢ Gailico - & ¥ o

FRRPINrEE~EFE2 gIOGPS AP B S =B FGNSS #
AREFTEE R R FZ BRSNS o F GNSS EfrE A
ICERE AEVARFEEAEPIERGEZ Bhin g fRE R *H"*‘?J’—?}.

FEOAELABE 2 Y gMIF I LRI

o R i 5 /?J BenEd o H A BEAL RicT

5 PFek 22 & (satellite clock error) :

i

BE TR F&éj—\é’_; Rk heod WA Y
ol % %Wﬁ QUﬁﬁmﬁié%%’ﬁﬁiﬁ%
f» . v

® {#h % /& XA (satellite ephemeris error) :
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® T 4k %4 (ionospheric delay) :

THLA GEP mid s A mi\,},%z BOEANGSETYREF > HR
MALUBERS 5 LERAPEL MLRELALARS 0 LY
A4k ? od T 83 7 £ (Total Electron Content, TEC) = it v & B % >
TR R ﬂ;’f\—’”’er_.FE*:F'&" PR R G S Bl 5 (Tsul, 2004) > = B
FeE s g HOPTAR E O TS G RABPTIT AR AL AR
4—%%g~4—%\4—@%&m$@§4m§iﬁgpw2k’¢%
e A RHE I E A EIFIT R ERF BT N BB R G B o T o
%&%m&&&\@%g %&imwﬁ%ﬂ?°%%@m@?ﬁﬁ€’
B R A S RS LR R L B 0 ) b (R 2 2
2122)r i@ B fK-H %2353‘})5"‘,%:}?’,’_ o H AP '%,*” v d ik ElY i
#F 3k B~ ¥ Klobuchar #r & e o dic > 1 "% M % 9 60% 0w A 2 B 5
(Klobuchar, 1986) -
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® ¥f;n A %A (tropospheric delay) :

BFR BEURLEEALY U R 0 B Y RS
Foob s 3Tsb R Rl g A AT WA IR Y KRRl e
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ﬁ}fé:)\'j fr ELI%?%‘Z B REdE b g A o LL/"‘T}/\M‘P MELE TR
ATERLERER B HRRCRE AN HAEFL TR BT
%é%o

® 7 4T sk (multipath effects) :

#FE BEMET| R K f LIS FRDEE e PP IR
gk R ok fé -%f\l oo 1%’ #* iﬁ’ir’% mzﬁ‘ﬁ?«fﬂ C PIEELBiE T R
PEPF Gl AL F W ITHISFERG > M- REf
Ve N T J“B*F’“ [ 37137 gj% “’5}*%{‘&&%@_.@?%7}5 i~ R
Bif - ﬁ§4¢éoxj¢F”%ﬁmwﬂ@ﬁm B ¥

‘b A e & #0k & B& (cut-off angle)i#F . H-k p 3 & ik Bt o



® it T FRIEA (receiver error)

BT Bap AL e 73 BI%A T Beanpr & 3% £ (receiver clock error)
A P T B SR (receiver n01se) BB AL B AR BRIRT
R s i L o A BRI IR EERBRAIRDT I A
¥ #-H 5 17 E d 23 (white noise) ©

He » 2 :xp GPS L #ric 3] LI(P <~ & 5 1575.42MHz)2 L2(7
SHE G 1227.6MHZ)*5F{ BT e R R T AL T A

PR, :pij +b, -Bl+ Iij +Tij +ViJ;|_1

@.1)
PRL2 = ,0|J +b| — BJ +7/I|J +T|J +VIJ,L2 (22)
b, = pij +h, - B! - Iij +Tij + N4, +eij;'-1 (2.3)
P, = pij +b, — B’ _7|ij +Tij +N,4, +eij='-2 (2.4)

H¢ PR, ELVEE  dhm RS E | @ (pseudorange); ¢, {Ll*ﬁﬁﬁl =
P ERIE o F T HRAL2A T ZBRIE Ak p L2 E L o p ) HF]
ELEDIFIBRIELFOSE &Efgﬁ(geometrlc range) ; 1) 5 F a4k ALl
awu S TV RS KA b A B R ansE o 8 Bl

b prap et VR BUEAEE ) e - e A fkAp B e
R o - AR m'%‘;"ﬂ‘f o) g+ ved (Jan, 2007) o NiA 2z Ny, 5 gl id 4

> b e Heik kA 218 (integer ambiguities) e

IV Lz'lu’ .§f5 BPIEETREARY €3~ —%z SR BT e A GRS I
WA R ke iR p T n Rt Gk PEGGEL - R B EIRA P T A
K ;_im.j Jfgh ® fr g B2 FPURB ST ER  RE{HmE (% 2
2 BB FE o
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(Required Navigation Performance, RNP) % B & @ 3% 3+ (Kee, 1993) > #-7 3%
E{ i 22 BEEEIPRM LrHESMERNZ R Z N Te g E R Jfﬂ"
EANNES YA § YA N RN iﬁﬁa%ﬂﬁhgﬁ
BEEGEOESIRTE BT RS e B R REFH A

® i Fzt(accuracy)

&

=
o omb
&

BF P kRad Wankx LG ik g2 - MR E S £ E R
oo F B Ak 4% i (nominal fault-free condition)™ 3 ®
B2 R AE c BHEEEL FEISBF AV i EAL
# 4% [F] 2. 3% 4 (error bound) » ~ ,T}nuru B 95%TpE R A B
hﬁ‘#&]ﬁ-gﬂ?ﬂ[ﬁ]? ¢ o
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® = &M (integrity) :

e Tl SR NEN EF Ak R A R LT )
P (time-to-alarm) p % i * + &4 (timely warnings)hi 4 o 2 7 FiF
B o @% FFE- BafgTpe 3 LR L PR UE > - B
BT E R RE BT AL L S TR URE S T
% %3 4% 'Y(Protection Level, PL) o & % &'+ 5> 8 TP B P 0
BFNEL > NAEFZ 2ORE o h SHF PP ET S R FLET R
#](Alert Limit, AL) » = ¥ ;%4 &7 ‘r’%ﬂm" RE A N = kS Rl
10 drde2-1 o e I EL PG A F BT U E L P_ﬁ'*mﬁx« B2 SRR AV
Fwiwﬁdmj«w¢ﬁ§ zamaﬁﬂ%ﬁTd&f % > hif £ & [ (error
bounds) - FZ & B 7 LT B AL E BT o TLE RERERT
(Vertical Potential Level, VPL)2 2 -k T 5<% ’Fé“ﬂ(Horizontal Potential Level,
HPL) > = a‘%’t:"gﬁ‘ FEFLE L P R KRB s LD : a "4 (Vertical
Alert Limit, VAL)> -k L } 7 _& eh & @ 5 kT ﬁf 7 4] (Horizontal Alert Limit,
HAL) - m %73 = F Lk *& (integrity risk) IFLB*#' v AT RS PEE

S
N

Y

™

/a} ,3 f38 33;&: IR fx‘r_

ZALNE 2 #ﬂ 'Fﬂ§%’%¥ﬁﬁ®wﬂﬁm€%3“%4&%w%
% o

® :# |+ (continuity) :

%

BEHIHENZ AN EFYETRERFR 'fi.“ %E(entlre course of a
ﬂight)méﬁ-ﬂm{fiPRﬁL iAo kAP R g A T AIY ey ¥ o i
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Bnh W B AR A ¢ EF o i el A T Lk S G R R
Sk o

® ¥ * |4 (availability) :

W hianw ¥ ME A7 kAT I FET VR EDHRR 2 EHEN
A A Ty E D & hf g RERIP 0 e é;ﬁ%{? *
RSy T R RGP 4 ik o W OF MihiiclE & T hERE kR
U F T U RER Y Tk SR ST PR o

ARBAAS T AR R s Y %;ﬁrui irz w7 & R

T OLFEFIE Y A G RA A D T2 ’** F R s AU
iﬁoﬂ&ﬁ%{ﬁ?WMmmﬁmim%?ﬁzﬁﬁ,’ﬂ%?%ﬁ%
f2_ % DAV AR RS
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3 2-1 7 I Bapeporrd] TengE S R

(Navigation and Landing Transition Strategy, 2002)

2k £ KT E | Ly & o
ra ~ - - F Tr
F TR BmE | Bma £ Tl BEHE | ARG | TR | TR F;F“
(95%) | (95%) (HAL) | (VAL) '
. 1107 /hr
R . 1x107" /hr .99 to
Bfeik ¢ 3700 m NA to 7408 m NA 60s
99999
1x107* /hr
107 /hr 1107/ hr 00+
. (0]
BB F% 740 m NA 8 to 3704 m NA 15s
99999
1x10™ /hr
1x107 /hr 1107 /hr 99 t
X . (6]
A RS 220 m NA to 1852 m NA 10's
99999
1x107 / hr
2x107 /hr
i .99 to
/-8 Win | 220m 20m 8x107°/155 | 556m 50 m 000 10s
/approach '
gL 2x107 /hr 99 to
- 16 m 20m 8x107°/15s 40 m 50 m 10's
¥ wud /approach .999
SHEE 6 . 2x107 /hr 010 /155 | 40 0 Mo |
m m S m m S
e /approach . .999
2x107 /hr 12mt 99t
= ﬁﬁﬁﬁ-@—% 16 m 6mto4m 8 8x107°/15s 40 m e ? 6s
/approach 10m .99999
= /= (@)% 1x107 /155 [4x107° /155 99 to
69 m 20m 173 m 53m ls
R TACE 199999
1x107° /30s [2x107° /30s
= (b)#g (lateral) (lateral) .99 to
» 6.2m 20m 155m 53m ls
ERTRCE o 1x107 /15s [2x107° /15s 99999
(vertical) (vertical)

13




§2-2 B* BLRZE WP b k2 ApM W AR
BEBAA AL E ARG s Sh s %o a B0 4 RD
hAE B F N E Rk AR % kA E 0 WADGNSS(Wide Area
Differential GNSS, WADGNSS)2_ 78 £ F 4 # = - WADGNSSE_ ¢ Dr. Kee#
Dr. Parkinson*t 1990 # ¥ 438 {7 4p B 7 7 (Kee, et.al, 1991) » 5 £ & GPSeh-

> ¥z 1 Ak 2 & BRI L R B 2 (Chao, 1997; Tsai,
1999) -

P e R NIEF ek R K G

D E R R 5 % s (Wide Area
Augmentation System, WAAS) -

p » e MSAS(MTSAT Satellite based
Augmentation System) o H ¢ £ R} 323 58 % SLAcB2-3477 0 ¢ 4R T
> @ 1 (74 4 (Full Operational Capability, FOC) » A % B+ 14t 100% % &
A * S i FE i€ H-(Precision Approach, PA)z. ¥ 4% f-(Kee, etal, 1991;
Chao, 1997) > 4-@|2-4#77F o

wide area augmentation system

-..\

; 4 Wide-area Reference Station (WRS) .Nlin‘ll.S's I
I

— E Wide-area Master Station (WMS) :‘,;’Gmmdu;.nmsmuon[ weof"“_m“
b

-

W 2-3 % WA A L2 % HE
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WAAS LPV Coverage Contours
11/06/09
Week 1556 Day 5

70

60

50

40

Latitude

| JOO 00* | 88, 10*

30 1 100.00% | T4.60%
| 99.90% | 65.08%
| 99.69% | 43.12%
i
20 [y i
W.J.H, FAA Technical Center .
WG Test Team .
5
10 1 1 L L 1
=180 =140 =120 =100 =80 =60
Longitude

Bl 2-4 2 WA AR T LE2 BE

Z

P AMSAS~» #2007#9% 27p I V& % > A SH ik iE FlA7 b i8 T 6y
4 (Initial Operational Capability, I0C) - #% & 3| 24 72 i€ 3-(None Precision
Approach, NPA) fRF% > P w MSASTr % T 3 & b % (ionosphere storm):h
T AR R & & B =B IE PR Ix(Sakai, 2008)

GPS =
o T o*
i Bl
5 M""- IL-. ¥ :
i Aircrall
Kabe _ |
MCS oy
Fukuoka l‘ Hitachi-Ota
o G-M!_ | =i
rpe
r
E MCS: Master conirol station ; . 'l
£l .J' 5 Hawaii
it GMS: Ground mondtor station ?"'I-.. i
Maha GMS -y
I MRS Monitor and ranging AL M

station

Bl 2-5 P & MSAS % M
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ek gt B ePEGNOS(European Geostationary Navigation Overlay Service)
&r & enGAGAN(GPS Aided GEO Augmented Navigation) ° ﬂfr B R Br e
SDCM(System for Differential Correction and Monitoring)» g8 =_F # it 2% &
ISBASHg 2 5 v > H ¢ » EGNOS4-®]2-6 » ¢ GPS % W‘frﬁ M3z 3E
b A ﬁmﬁ Fh fo— k78 G sk A o g 200527 EGNOSH 4p3% &

mﬁ’z;@ﬁ%iﬁﬁﬁaﬁﬁ34ﬁ$m¢% FrRir Yo% p
L RETF - ' s TR M F99% - 2008 EGNOS e &7 11 = 7
ﬁv;ét%«:@j!ﬁ%ﬁ;gog%@_pﬁyg H % RBR AR H LT P A B

RGBS LR AR MEEEAERE 2 +,‘;%'L B4 2k o

EGNOS Wide Area Nefwork = EWAN =

¥l 2-6 % EGNOS % ¥

et 02 F A L ROT AL RS A 5 (Lin, 2006) -
Hoe » W x 2 B SBUirp Ndnh gt et T o %ﬁﬁljﬁ*;ggm
/& S i7 P # T £ (Asia Pacific Economic Cooperation (APEC) regional
Global navigation satellite system Test Bed, APEC GTB)(Pringvanich and
Satirapod, 2007 and Chan, 2007)¥ 4 = iy e % & {7 58 W WADGNSS % stei

}éiﬁ ’ J’.f = 74 z"f’liif N J é:b&—i’ x—};a)’z W‘E‘_f—r@ﬁ ’ .‘liftl-f-‘-GPSEL‘/E‘ ¥ ©
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- * B2 WAASZ B & 2 MSAS » & f W Q£ T 5 A z}?’(Raytheon
Company) » H 2 BLE X B9 R > % 4‘&%%&%
T AR T i*‘ T oo F % ffu@-“ﬁﬁﬂj";}f’g‘.}ijgif ﬁi&d
s, H % %L AR N
o Hogpen ko B 3k
EIPTHFBL AR
5

1A "H-\

lm‘PRiIl'ET"’” VR F At HY REER LAY A EH FE
%%mﬁf’kﬁ%;ﬁ%?Uﬁ%%%Wﬁ%g’@ﬁﬁf% o F]pt
¥ E A R P2
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A k2 5 5 EHPRIE o

AEAEY R B T L A kTR R 2 SRR AP R G ,@*‘ai/ﬂ\ T
% SLPRFR % 0 m&?{']@“p\ = ’L‘“?%‘% I N Flfe’?*)%i* ESAR W WK
@ﬁ@ﬁ%%ii%w%@’#@%@’#KW%(Wﬁﬁﬁd“Nﬂf?
p %(Quality of Service, QoS) » & * H ¥ & i & - H Fop* 2 % 2 & F
AAST R RERYE T 2R R FHURTE B EL B ek ApM
*g L I TR R PE R ) Wi o A il EHEEBYR > T AP
MG e m 2 0n Ly L AR R TR N E L R pRR Y 75

3 dih hE 33 o HFI - AL KA nH AT 2GR Hak S
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AL RERBHRBILA I MR ERGEE AL 31 SR ER R
aigﬁa&% 2 12 ’w%@®8é$$GMBﬁwLﬁ%%k’ﬁ
73 e RJRAL A OELR £ ﬁﬁfszaglﬂﬁﬁﬁﬂw&ﬁﬁéﬁﬁﬁ
;;ﬁ,fxi‘ﬂglﬁzuiéze‘.{’? FY 2 BdRAR R 0338 5 E FE 2 FLE & P48 o E- A
I ® é_iﬁ%‘a"—L '»gﬁvfﬁ'l#mn%’*ﬁné’* 34 HFS A ERBFE LA
Tk kL2 F }é] LEhig A N NPE %ﬁ—}é] M/]l:i*ﬁ:m 5{ %T*}Eé]’hs'
‘@g‘!;ﬁ‘_“_@_j\ T:"-?—r é] /J_ _‘bt? lp0u$‘7]§] °3-5 &~ ’f] Fé’*’ﬂzﬁ"‘ /E—:ﬁf”%%

BRIZRB LA LB IEER-

8§3-1 R A £ T 1> % vu&%@m}ﬁﬂ

W

R # AiLﬁi{ﬁﬂf%ﬁ&%%%$ s hoB3-195F o
E- BHE AT LB e op g %?%%%ﬁﬁ’ﬁ%%ﬁ%
Bz fFh BRI > T Rl Fh LRI R BN Frak A5 2 AR ko
BEARE B AL b T BV a0 G AT Pa » e d L SR E R iy R
EEAR- K 2EFL AL ILIFL RS ST R o F L
b e fTe R A BRI R L s T R e

N~

AL AR R
oo R BEI Agpek o SPEERIE S 77 CREETR - THA iR
#c ~ ##2 7] & & (ephemeris) 4 2 & 3% F] & /& (almanac) o

AP AR AT AL 2 2T TR R s BB RS
EHHERFAIT > T A4 HIFEFL ADY T e T I0GE LS

Rig» Ak A2 P ERERF A AR S w3 higr g - H Y
SEIWESDEEFLGE  FEOFEFLBL &:%g@@i ZEE S O
(Chao, et.al, 1995 and Tsai, et.al, 1995)° & pF > pt 3 5is & 3 i * 2 ¢ § {85

1

i
oA s S IED #@(conﬁdence bound) > 17 % % nﬁmﬁf)’ﬁﬁﬁiﬂ» =NV ,g_ 4
Sl #4%@ B B LGNSSR * ¥ o bl4e 0 £ BIWAAS ! it

ek TR HAMELR A 0 AR B R RER :}%l—if%?j%%i
AN W ;tha,o
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N . WADGNSS
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Sa
= B
-
5K EIF

Ak F gL sk e-GPSA M o o-GPSA ML L N FINE 4 Pl ¥
~6ﬁ%—£§$»&m®@whaJw«ﬂ%$¢ BB LS Tk
kY AT e ol B 17"’#41“’5‘)21”4:\7"17"" “@lwi/#j\%ﬁé}ﬁ_
R R TH EREEREPIE RN O RERABL S L L NEY
AR g R Flpt A kaE ﬁ%”e@%éﬁ%F%ﬁiAjik wh oo
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# 3- 1 NSTB F# 4 3% message type 1 (Range)

BYTE DESCRIPTION Size Bytes |Data type
1 Message type = 1 1 U Char
2-3  |Receiver ID 2 U Short
4-5  |Time of Validity - GPS Week 2 U Short
6-9  |Time of Validity - milliseconds 4 U Long
10-11 |TRS Epoch Counter 2 U Short
12 |Number of dual frequency channels 1 U Char
13 Number of single frequency channels 1 U Char
Dual frequency channels data -~ 49 bytes/channel
Repeated for each dual frequency channel
14 Satellite PRN number 1 U Char
15-18 |[Satellite status flags (see bit field table next page) 4 U Long
19-26 |L1 Pseudo-Range (PR1) (meters) 8 Double
27-34 |L1 carrier range (meters) 8 Double
35-42 |L2 carrier range (meters) 8 Double
43-46 |L1/L2 differential group delay (PR2-PR1) (meters) 4 Float
47-50 [L1 Doppler (DL1) (m/s) 4 Float
51-54 |L2 Doppler (DL2) (m/s) 4 Float
55-58 |LI signal-to-noise ratio SNRL1 (dB-Hz) 4 Float
59-62 |L2 signal-to-noise ratio SNRL2 (dB-Hz) 4 Float
Single frequency channels data -~ 29 bytes / channel
Repeated for each single frequency channel
n+
1 Satellite PRN number 1 U Char
2-5  [Satellite status flags ( see bit field table ) 4 U Long
6-13 |L1 Pseudo-Range (PR1) (meters) 8 Double
14-21 |L1 carrier range (meters) 8 Double
22-25 |L1 Doppler (DL1)* (m/s) 4 Float
26-29 |L1 signal-to-noise ratio SNRL1 (dB-Hz) 4 Float
2 last |Checksum calculated on previous bytes - CCITT CRC 2 Short
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# 3-2NSTB F##:;% message type 20 (Ephemeris)

BYTE DESCRIPTION Size | Data
Bytes| type
1 |Message type =20 1 | U Char
2-3 |Receiver ID 2 | U Short
4-5 |Time of Validity - GPS Week 2 | U Short
6-9 |Time of Validity - milliseconds 4 |ULong
Ephemeris Data for one satellite -
10 |Satellite PRN number 1 | UChar
Time navigation message was received
H-14 (Absolute GPS time in seconds of week) 4 | UlLong
15 |JURA User range accuracy (see note 1) 1 | UChar
16 |SV Health Satellite health (discrete) 1 | UChar
17-18 [IODC Issue of Data, Clock (see note 2) 2 | U Short
19 |Tgp Estimated group delay differential ( sec ) 1 Char
20-21 |t Clock data reference time ( sec ) 2 | U Short
22 |ap Clock data coefficient (sec/sec’) 1 Char
23-24 |ag Clock data coefficient (sec/sec) 2 Short
25-28 |ag Clock data coefficient (sec) 4 Long
29-32 [My Mean anomaly at reference time (semi-circles) 4 Long
33-34 [An Mean motion difference from computed value (semi-circles/sec) 2 Short
35-38 |e Eccentricity (dimensionless) 4 |U Long
39-42 |(A)"* Square root of semi-major axis (meters' ) 4 |ULong
43-46 (OMEG.A)O Longitude of ascending node of orbit plane at Weekly epoch 4 Long
(semi-circles)
47-50 |l Inclination angle at reference time (semi-circles) 4 Long
51-54 |® Argument of perigee (semi-circles) 4 Long
55-58 OMEGADOT Rate of right ascension (semi-circles/sec) 4 Long
59-60 |IDOT Rate of inclination angle (semi-circles/sec) 2 Short
61-62 CU? Amplitude of cosine harmonic correction term to argument of] ) Short
latitude (rad)
63-64 gl;d : Amplitude of sine harmonic correction term to argument of latitude ) Short
65-66 Ci. Amplitude of cosine harmonic correction term to orbit radius ) Short
(meters)
67-68 |C,s Amplitude of sine harmonic correction term to orbit radius (meters)| 2 Short
69-70 .Cic ‘ Amphtude of cosine harmonic correction term to angle off 5 Short
inclination (rad)
7172 gi;d) Amplitude of sine harmonic correction term to angle of inclination ) Short
73-64 |t. Reference time Ephemeris (sec) 2 | U Short
75 |IODE Issue of data Ephemeris (see note 3) 1 | U Char
76-77 |Checksum CCITT CRC 2 Short
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# 3-3 NSTB Fi#1#: 5% message type 30 (Klobuchar)

BYTE DESCRIPTION Size Data type
Bytes
1 Message type = 30 1 U Char
2-3  |Receiver ID 2 U Short
4-5 |Time of Validity - GPS Week 2 U Short
6-9  |Time of Validity - milliseconds 4 U Long
Klobuchar Data
10-13 |Time Klobuchar data was received (Absolute GPS time in 4 U Long
sec)
14  |Alpha 0 Amplitude coefficient ( sec) 1 Char
15 |Alpha 1 Amplitude coefficient ( sec/semi-circle) 1 Char
16  |Alpha 2 Amplitude coefficient ( sec/semi-circle”2) 1 Char
17  |Alpha 3 Amplitude coefficient ( sec/semi-circle”3) 1 Char
18  [Beta 0 Period coefficient ( sec) 1 Char
19 |Beta 1 Period coefficient ( sec/semi-circle) 1 Char
20  |Beta 2 Period coefficient ( sec/semi-circle”2) 1 Char
21  |Beta 3 Period coefficient ( sec/semi-circle”3) 1 Char
22-23 |Checksum calculated on previous bytes - CCITT CRC 2 Short
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% 3-4NSTB F## ;¢ message type 32 (Almanac)

BYTE DESCRIPTION Size Data
Bytes Type
1 Message type = 32 1 U Char
2-3 Receiver ID 2 U Short
4-5 Time of Validity - GPS Week 2 U Short
6-9 Time of Validity - milliseconds 4 U Long
10 DWN Difference between GPS Week and Week of 1 Char
almanac
11 toa Time of almanac 1 U Char
12 Number of satellites in the record 1 U Char
Almanac Data : 28 Bytes * number of SVs
Block repeated for each satellite in the record
n+
1 Satellite PRN number 1 U Char
2-3 e eccentricity 2 U Short
4-5 di Delta inclination from 0.3 (semi-circles) 2 Short
6-7 OMEGADOT Rate of right ascension (semi-circles/sec) 2 Short
8-11 | (A)1/2 Square root of semi-major axis (meters!/2) 4 U Long
12-15 | (OMEGA)( Longitude of ascending node (semi-circles) 4 Long
16-19 | w Argument of perigee (semi-circles) 4 Long
20-23 | M Mean anomaly at reference time (semi-circles) 4 Long
24-25 | afy Clock data coefficient (seconds) 2 Short
26-27 | af] Clock data coefficient (seconds/sec) 2 Short
28 Health 1 U Char
2 last | Checksum CCITT CRC 2 Short

24




§3-2 RIBP AL T k3 2 H iR R

§3-2-1 £ ¥ AR R B HFE LR Bt

|

GEBAIERAEA Y F R PHIT L AL ARSI 2 Fh AR
e i

=t \\\

AL A RS LeGRSRER Y R b ARk BT
Ao R ABPIE BT A frakpr o frabe AR PSS TN A
O TP IR YT TS SRR TPV
;ﬁﬁ°“$%$@mﬁﬁiﬂmsﬁ%%w"mﬁaaz'?g$

YR AR R S 0 R R R L ST 2 R B R D
Fh LR B AR P e dopt - kA TR BT
ﬁﬁ’ﬁ%’f’ RAESRE L2 FERBEV IR R B LA

§3-2-1-1 %% 22 F

St bR AR R PP hi B YA %jﬁ"lé/ 2 THE L Bk Lo
R PRARE B A TE Y I & S B335 B AL
2 R AR BRI ST FERPIE Y ST VAL 2
Fhid > BFFEINLEL LT O EEL > A A EEAL
B ER AL W 2L e Ak ¥ K e 5 Saastamoinen
i (Saastamoinen, 1973) ¥ ¥ 41 * %3 =k N5 5 & 22 Black Eisnerf i & pt
BN a B IR 3£ (Black, 1978) o

%o fF sk ¥n R wiRlte o ek B E TR 3 =L LR
§¢%§064§L“#ﬂﬁﬁxéﬁ?uﬂﬂﬁﬁﬁw E;

o &% BB E T IR R TR ERT FLTHBY
(code-carrler divergence)s® ¥ IR ‘?< MR od T AR T R Flet a4
FoE 5 MR LR E (cycle slips)Z §5i75(Chao, 1995) o £ 3tk chg Bl EF o
LI~ L2ehm fREESE A p e plEZ Rt e £ ER -

PRo=PR _y

y—1 3.1)

ILl,PR

25



IL1¢_¢ ¢L2: L+ Amb +v,
1
r= (3.2)

+

I ¢L1:|

+V
Ll = L1 L1
2

NA
2 (3.3)

BN AL1 enT 8k 24 > 5 ¥l B E51.647 0 25831 @ e
Zon I L DABBRIE b 5 2329 R TI EE U ERRIE
h w330 IR EEd AN212 23 SRR A AL E
% fdco Amb 3 LI L2 Ap i ie & i AR Rk i o 2 02340247
N AE N s % FINA 2 N &2 EREcd D ﬁw&g’ag
230327 Amb i A vl 30 F332 7 v v v s v, R R R RER
VAR R 2 S R (T £ 2 N2.15]24) 0 H g p ;_; 4 A &N
SRLITE BATE 2 HEEAL 0 AR S v >y, >y, e d“*#7%ﬁ
B ABF o FA X332 E N TREEL T AT B 2%

T S JLAL R 03 @*@ﬁ%’%{ﬁ“%ﬁﬁﬁiﬁﬁ%m’%ﬁﬂj
W2 Adele RETHEFLZEET L SR

M

ﬁdiﬁﬁﬁwéﬁéﬁWQ‘i@i%WJiWﬂﬂ*éwf’ﬁN
SR ERER Y RAEREAREE dffwaﬁAmmﬂ%gmf% ;
%Fﬁ@a%% m&%?ﬁﬁi&ﬁxiﬁout¢f%

BRI AR ZE SErZTT RR L ERL TREFL IR
MR EA  TARA > PR R FRRFLLFERRAE > A
AR T 2 B R G A  EB32-1-18 7 etk -

)
’%
A
Tm-
_:?

AN

26



aws Lol fEsn [ | sETH Lo BEAR L T
(el f E A KL 0 R NS
Fh X AR
2= T R
B 3-3 %% A2 ARRE

§3-2-1-1-1 BE{ ok T i 3 iz

AR AT E AL RETF i THA L m BIEYE
(ionospheric-free pseudorange, PR.) > #* & #RIEH 5 22 = T 3 e pF g &
Sl B34 5 I PR T RAlFE 2 AR -

%ﬁ?ﬁiﬁﬁﬁéﬁ&ﬂéﬁﬂﬁﬁﬁﬂ%?ﬁﬁw%ﬁgwﬁﬁ
?ﬁ%ﬁiﬁ'ﬁﬁ cd WPRAPEEREDBRILFE F ERLEPFRTIB A
BlE] 0 ?,}i#ﬂl“ﬂ/ﬁ BT g R g R H3l B
FARLS 2 «F B3 - TR TR ﬁlf ERAE AN A 12 ""fé.:‘?'l

<

|k

&

%‘313

%
=3
G N T

-
e
7/

g \E\; B

N

<,

=N IR $F-X Eg- L PRl EAE
7%%m?§£l&¢<§i
Brpge Tk o

%_2*31*3%1f$%?ﬂ;%ﬁ?%iﬁﬁﬁﬁﬁéﬁﬁﬂi
BAEI e e R e 8 17 YT i (carrier smoothing) @ A
igm%ﬁ%ﬂﬁumpoLﬂ¢%43%%*”ﬁw’NA%E%%%’
7 %ﬁ d # % T 2kt B (moving average filter) & & [ 20 258 33 225 41 eh
||_1|_1 KT 5 N B fs#-L1 i\,}i#ﬁl g BE(H,)F 2 I, 22 N, A, * M '5'?‘] N
% 4T 4t B3 ik SEE 4 (Chao, 1995) -

5 3
4 OB}
|

-

L g
J}é_;ﬁ]@‘_ﬁw% 2SR A | e 2

&K
e
T3
s

27



IL],LI ¢Ll

‘.

Im,m Carner -~ fn_m | Moving N 1;"-1 P:R
I Smoothing £ cmooth Average 4
LLé

Bl 3-4 B LT FwE 2

§3-2-1-2 %3 LA &L

KT E B R RS AR TR (8 2 SRRSO R L W
PLBRIE RGBT AIE . b A gk Pl R p £ BT R R T A
ERAR ST FEFRD EWESRPIE O LA S K
R S ﬁ&ﬁ?uw%“?’@ﬁ%ﬁi R B el ik B
PRREA o 0 5 R SRR R RSP iR e A E ST R
%ﬁﬁﬁﬁiL%éWmfi$$r®$j$%ﬁﬁéwml 4 fE g
YT E - S hPEMAA L R EREF(D) -

@35ﬁ~f Zﬁ-‘ﬂi:ﬁ&'@_\&—\/nlﬁi’—Fm'ﬁév%"kf’]P\—:"‘fﬁ;%%?ft’W‘P\':'%:h
¥ xh2 @ﬁ&&@p‘.m@éﬁ@ i {7 - =x £ 4 (single difference) ¥ ¥ :

Aji,| =Ap' —Ap' =ART- (I, _|j|)+Abi,| +Vji,| (3.4)

B (0 —10) 53 B4y btk - 3L 2 RIERESL AR T L 5 F
SUEEA 0 LA I R A R R R ST S 2 5
PP L h L (AD ] 0 FIR T TR A

_le:Ai
= il

(3.5)
kgaﬁﬁ%%ﬁwﬁﬂﬂ%%&@&,%y?u%magaiﬁﬁw
SR R W RPN RET IR A ¢ ;@-,‘;i %® (Kalman filter)#%¥ 4. 7 @ 5§ 2. % >
tE R G T /ﬁ“ £ p-,;uAb B"m'“rxﬂz‘f'ﬂ"rf'ik-gf&ﬁ&b e 8
}:fu ﬁﬁ'%ﬁ-i’z %;ﬁij‘:“’ Z\ T F" :

ﬁ

A;bij:Apji_bi,l_bl:ARJ'IJi_ABj-l_Vji (36)

28



T R FRIERA G LR § T R B LT PR PR T
3 0 A OmRIEMIA AR L (R RO S

R (3.7)

hASEFEE X zf‘ufﬁ‘?& BT 0 AT A AL 2 LG HE - PF
B s 272 BFEEDEFEFEFLEEIH Ok EFps

A QTN Bi"ﬁ‘m% % «F‘lﬁ(Kee 1993)( Schempp, et.al., 2008) - F]* fFkh = AL pF

Fdiac i RapamFsy j FHLEP - S FE2HHE > T

LArg fF bR R 0 2 S Y S ASEARR S CVIT & 0 Ak iRIER
ALY o Fh EFEEEET DR PR ERIER R AR L IR o

29



RSI RS2
==

= &
x X
R M
!

.

Weighted Least Square
(To estimate D, by each b)
>

Kalman Filter
(To avoid discontinuous situation)

v
of

Bl 3-5 trh S AP @iz inAR

§3-2-2 A R B R A4 T ) 52 R B S PRAGRLN 2
% FF RRILARA i R RS AR L R R R E

”*???Fﬂr-— %Wﬂjikﬁ?lpﬁ il S 5 F'&mﬁ‘?ff’&pﬁ—ém;_ﬁ_’k-'
KRS B h B B PR RA o

30



§3-2-2-1 & AHLEIRLL K

BRI AL LT R GG R E - o RS
T -

i1 BT L - BR A B0 Eh pReBen 1 £ T ATRCL T
#%&@#gﬁ%ﬁ#iaﬂﬁﬁwﬁaﬁﬁ 2 PR L R

BI3-6% A4 Gk i B0 B2 048 5 %5 O irh 2 PRABIE L A 4t
Beh B S “é’«“r* BBl hESE d h AR B AR L (T L A
(single difference) » = 75 PF4s g4 (AB) )y f » o5V 3.8 o

ApI—Ap) =ART (1) -1 Y+ g, (3.8)

MR 38 ¢ THEmM AT R RB(0 )2 Y AR AT A
kL 0 2 E[(e))’1=E[(vV) 1+ E[(vV),)]=(0)’ +(c),) ° #-3.8 5
B S N e

Z=H-AR'+v (3.9)
Aﬁll_AﬁrL IJ-l_ljm

HeY 7= : JH = : v cov(v)=W | N 3 18 %3
Ale Apm IjN—1_|jm

SenBHo ZE HEd (N-1) BEPIE“Ted et > @y Tia5 0

gLt s W e

a-priori
covatianece

Y

Ap, Outlicr
Single Mini ) Kalman AR’ | A
5 ™| hifherence] T vm.‘mmsl—b detectiond [ Filter —Il-[ n_.:(P[}

isolation AR/

%} 3‘6 é‘ifi‘&%ﬁﬁzjﬁ% 4 /n %i

Wt R L R E pF > # % o F k] % B #ic(Minimum-Variance,

31
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BB L YR 7 =HR,, 0 LPEEEL L L =ABc HAd R
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O (3.21)

TRGOATS 0 BRBERIERELE DL B AR FOEEL Y

5 N\ + = !a j y |»_1 j o <k .
Zj(i) & FﬂlJ % 7T H XMV O = ABWLS (D) m |(|) "’ H Ky J(i) = ABWLS (D) $ R e

W
BBIEERRAE AT R0 BEPIESEFE P L RERIERT S

34



@ﬁiﬁéi’jg%@ﬂgx 82 ABJ o #ik 5 R Wm%A%mm:#
$BHP 8Pl L P B Pl IR RS B R

pd Bd REkSAMNZS MN-1» 5 i sFpLpl £ 5 e > pd zm%
RO PRl ARG tAF Pt g AP kR A
LR £ o

=

BEUALFEEFAPFRYL R L0 RESRRE Y X i
oA A > B AR R WA R BEPFRF DL R KA A R
'ﬁ A ARE A 0§ ] (User Differential Range Error, UDRE)e & — & #-1 &

UDRE 13 4 = % o

%P |zH,R

/ v \
Excluding iy, measurement

\'4
Zz_ _ kM (z, - Hk)A((i))2
® k=i (o 2k |:> Find Max ;)
- H.X 0 / o

—/

47 (max) < 2 tveshorg (M =N =1
> tlhreshold (M N -1

(max)

X(max) 5" (max)

—>
Y

B 3-8 | T A @ E I 2 AR

§3-2-2-4 3 R ™ FRARFA DT v R

Byt-* UDRE k47 2 FEBERLL (Sl fm s LB

35



£ Rk BEIRIRI L P & ML T E AL i o Bl R (User
Differential Range Error Index, UDREI) & & & % @& * & - 4 %
3-5(RTCA/DO-229) -

# 3-5UDRE & UDREI z % p& %

UDREI UDRE (Meters) O-éDRE
(Meter?)
0 0.75 0.0520
1 1.0 0.0924
2 1.25 0.1444
3 1.75 0.2830
4 2.25 0.4678
5 3.0 0.8315
6 3.75 1.2992
7 3.5 1.8709
8 5.25 2.5465
9 6.0 3.3260
10 7.5 5.1968
11 15.0 20.7870
12 50.0 230.9661
13 150.0 2078.695
14 Not Monitored Not Monitored
15 Do Not Use Do Not Use
e * defgd ] T 22 kA4 UDRE > H AR 4B 3-9° Bl® R :Z FH i
B2 £ RRE PR BERFAL hE R B EL(PB)E R E FL
PEeiA 4 hE $REE(P)E A ke H £d £F b5 h hl =9
EATEA o RAMEAEPIE C AHEFGEFL - FhERREL R g
BB 220 M < BV

Piore =R+ HPH' (3.22)

36



* WLS » 238 323 % (85

JO— UDRE °

iem -1
U
e (il Fiore ||j (3.23)

'E“ o UDRE.ii g PUDRE - %ﬂ,ﬁ;ﬂ_\ir’ % f@;.‘uﬁ‘@éa%% °
w FERATA 4 UDRE Fed9 e TR FE R FEPER (S AR
4D ,ZL 4 g o BT S AT REFE E R T(goodness of fit)
(Walpole, et.al., 2007) » 4o 8324 .

x = Z pl- -
” (3.24)
Ephemeris Satellite
algorithm Clo?k
algorithm
= L
== Covarianceg
> EEE Matrix P
RED:
s I
RS K
o > R+HPH'" | WLS [ UDRE

B 3-9 :* & UDRE ;42 ®

4o 3-100 = E I % j B#E i E £ (AR,AB,UDRE) & e # 1 chd #f
FEMA A LT 2R FAZBET LT L7 ARBIE(AS))
PRT AR AL ML RERYF O RELAK
UDRE(Tsai, et.al., 1995; Tsai, 1999) > £ ¥p& % 3.5 & - {3 #&$& =« UDREI- H
YO RIEHLE 1A ()5 ¢
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_ ARl _ARIL 3]
_Aprs_AR I rs+AB (325)

'AB' AR’ UDRE !

AB’

WADGNSS | Y
Data format AR

UDRE!

Increase
UDRE!

B 3-10 =%z UDRE

B R Y R AJEARA S F Y BRI R Y T A AT it
FOEAL o R REA RGN ST A o S REAPFZRT F AR
AR R R T A RLE s L - DA e F TR

2 m
J AR R E SR R LM L I R R
BlERAA T HRE BRI DT3B FL '—’*5’—’&'5%«’5# A 2 o g [F(Grid
Ionospheric Vertical Error, GIVE) » iz 285 =& 5 & &4 1
oo TFH* —- T g £t & (planar ﬁt)i&’féﬂ‘_ﬁ.’* ] e A LR
-E AL oM i '%5‘7'7_‘?‘ ‘;%ﬁmﬂ,éﬁ-é}ﬁ'%j\p 2B EE o

1\1\-\

%‘(\
N\

“f;»"‘,’/%]“‘ﬁx}mm*/%’d A RS AT R LA

my &

FTHTHREPFELIIPED BT S S FLHFRY 4602 2 F]1000
22 AR RAELTHEY 2T F gA # (Total Electron Content, TEC)F B -
DR R EABEE LB R R E R Y X
AT RBEIRTE A AL 2 - AFLR o REAL L
RABBTHE T3 AWM A E A - Fe 5G Hhairs: 2 F
ZopEss o R RT LR /Tigrf’l?rg}ﬁ_é] WA O UTEN LA AL T T‘é}’p‘.é] 0]
_]I’E;i I;:U%]ﬁ]o
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§3-2-3-1 4k F KA

BUPRBBAL T AT HRE R e S-THRE T RS - 230 4L 350
N8 eniE sk A (thinshell) » Fl2 AGB 3 R T HAE P BE L7 ¥ 2 5
- ﬁimmf*‘ﬁ\—}é} FAREES LD ATREFL > p A FEERR
B R AR

z 8L v Yk 0% {8 (Ionospheric Pierce Point, IPP) » £ 1| * AL §EF]
(Ob11qu1ty Factor, OF) k4% 5 8L+ 2 AL T Ak e B2 4 & 5 23 3
Bkt BiE L > 3832 A or 5 AL TS

5=

K P

e = » (Line of Sight, LOS) » 45 11 firk M ELRF 2 T A R T A2 ¢
3

;F,

|9

slant delay 1_{ R

" vertical delay (3.27)

R # 3ok L% 6378137 22 » h & TR FEDF R JI;:t 3 350)
22 e LR E Rk Dk o § 3-11 LT 4k 07 (g2 e 2§ (Chao,

al, 1995) @G = F ®# I > THE R FEAE I G M %i-—g?%;{?‘ﬁt}a e
’?@”* Ll & L2 gl € ke PR gk 4 > Pl gtk L8 354
d AEEF]F k& 72

"‘J peP Y

vertical — OF (328)

- BEAR R T T LR 23f kLR TR R e L
® Klobuchar #- & (Klobuchar, 1986)2 %-#ick i jmH + § 60% 7 3k F# £
(Parkinson and Spilker, 1996) - vt f-e* 8 B Sk AT Tk s LB
st s TR m,gg./é] e A, El?»m VIR o T AU A S RiTine X
THA DB TE L AR HA T DB ¥ 15 ¥ (B 3] Klobuchar #i-%e

‘E‘ Z

FTHABLE - LEFTHREY H2TF FEFAFH A ERS T
PR R R HAFR Y F A F A FRA L LREFE A GRS DT
PIAL c R B AL T ARA AL T RE R IR B LA T
AR BRI P - e A b TR EZ B
BERET TRARBU I URSENT PR RLTRABLALS T R
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Eel
lonospheric Plerce Point (IPP) . s

Earth Center

B 3-11 244 % flgki=% (Chao, 1997)

§3-23-2 AW LA L) T A REKE

TR LI e B d 2IVEAEER BT ED RT ARE F 8 hde
Euii%%@@ﬁ%ﬁwi<awéimogi%ﬂ?@ﬁq+?ﬂ
PR HAB I E R E R R LE e L Br ¥ R BEY
FHlE 3 R RR RG] A TR ERED E‘J’Jﬁ_‘%}p‘_%
=8 B EEBISRAE ﬁlT,u#ﬁo rnfﬁ}’}fiﬁ’&_i&’i/{ | B &AL T
wﬁﬁ%ﬂﬂﬂﬁ’ﬁ%%%%%?ifﬁﬁ%ﬁﬁﬁﬂﬁkﬁﬁﬁi’
gt Fag flgt 2 Bt FETHRE T (DL FL (User
Ionospheric Vertical Error, UIVE)» & {é £ d A FEF|F #-d-F & » i3 & &
UIVE $3 3 BRIEH 72 o (WL PR * F 23 ) dopt - kg # "%IJQF
TR TR ARERIER Y B 4o B 3-12

T 38
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Reference Station (RS) .
estimate lipp, lyerical » and lgjany =

l .

zo
Use IIPPv I\{ertical ) and Islant to oﬂ*\

estimate l|gp

l .

. . \" ~
When users receive satellite /
data !

l o

Use l,gp to estimate |,pp for
users

E s -
% RS %: User * :IGP (O:IPP(RS) i ::IPP(User)
=Y

%] 3-12 }% /,,\ i/i,:‘i .,vb’\‘;‘l'-n ﬁ_,t*}ﬁé] ’fé——é-’l‘ﬁ— ,‘/nhﬁigl

2k
P
B
na

24 DA LI B R RE g A Rm AR EY » AIET
}éig_\}fi_ﬁ’llﬁﬁ o ki KLW d%%ﬁﬁ%%ﬁa}*ﬁ&ﬁ;ﬂg‘_’% 5
BEra 3 ¥ - 236 o d AR THRE SR LT
HP R AR £ 350 02 g 3 AEF]S KR A
BIEH > v Pt E L8 2 B F 0 HMRIPE DL S
Yk B TR 0 B A o 2N 320 T L L E g B2 $B Kk
Pl ~ A REIE Z B34 2 AEET S ik o {8

5 ThGE 2 THABRPIE AAET] S BT S
FE N LE BT RARRG LG e T PR

AN

4y

=

G v &
PN L

B

41



2
02 — (stmth +o IFB) J1+0 3€Xp e'
meas OFz 1 4

(3.29)

§3-233 RETHARBEB T L LT < FF

B LB T B R T A T B RS G TR N
FP g R bl T R R E NN TR R R R
< § B GIVE » 402 % 330 22 331
-1
Dy
|G:|:1k 1 !
>
=10 (3.30)
Ko
GIVE=3.29/> —
=10 (3.31)

H o, L 5803200 ﬁ—;ameas ol WA BT N BEECE AL A T
PR RS AT AR R B T P BRE T K8 - i@ * Klobuchar

WERP I =37 bt areb b g ¢ § 2 Fant i) o doo 38 332 47
T oo

- I

Klobuchar,G
| =, . Kohuchar S

Klobuchar i (3 32)
Y- > ’H_,%ﬁ-é] ﬂ‘!;,l—rf’)f;} J, gr]er mﬁﬁﬁg—"t’ *T"é-;g-;ﬁj';&_,

R RBEARR 0 FA T EH S o do i 333 B AL T AE T (IR IE
g ek ¥ (correlation coefficient) » d 3 7 F{‘J‘%F’& 2 jEHE D F WA SR
iﬁ”‘@fﬁé 556 2 o B 3-13 BEmApb F1+ & 5 {|Bhipdrcnhf 0% > H P 3

SR 111245 28 5 AR He BT BB S T v A FF 5 TR
ZPEBE SRR g R F - T EE R A 2 DA REZ B BT
F) o F]p :I—:%—Q;\ 33282 333 8| E & xmg a3V 3308 331 ¥ F
AN 3358336oH¢ A B »u%EﬁmGIVE SRR EER Y K
BERFLZFAEAFTOFRT > P 5e FHL AT 99.9% > &P
329 e L o
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Camrelation coefficient

e 3
R
2
i | i=1 IKlobucharl & i g
KIobucharG k 1
2
i=1 &€ ;

GIVE = 329/2 >
i=1 & ;

H T I H
—exp[ (—)w ssskm
AV 74 S S
R : R
500 1000 1500 2000 2500 3000 3500 4000 4500 5000

IPP distance (km)

Bl 3-13 4p M 7]+ &2 7 (| ghpedpaid 4
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§3-2-3-4 FERT A FALL T v H

diwmﬁﬁ& ”iﬁﬂﬁﬁﬁiﬁbﬁiﬁﬁéiw“%@’
B ML 2 B T A s 2 3 99.9% R B iAo A
w@? ﬁ%&iiﬁﬁﬁﬁ°ﬁﬁﬁﬁ%@&m’ﬁi@?iﬁ%@ﬁ

B TAE BB BFEY AL TR W EREY L5
% Frig B TR T NE i3 T § o X8 S sk A B AT P
ﬁ%mm;ﬁi'w@»uﬁm*ﬁ%ﬁ%iarﬁ%ﬁﬁﬁﬁ“%@&H°
o éﬁ%ﬁi’%"dﬁfib LR ET YR B E

-'\

‘_

m= | — 1

meas model (337)
m Sigma 735)%25?;5'—7}51"’?; 'G%]}:] PN :E_'J;E:_ Pﬁ#’[%;ﬁ*ﬂﬁ . é’_
MEGIVE g B o o 8T & 35 99.9% > GIVE 4 § & # chik & iRt -

<
3
@D
&
N ————

A - -

Iono Grid model

% - RS

, e I,GIVE | Construct I6,GIVE
£ \ 7 L moda, UIVE WADGPS dataformat |~
( : forRS’s IPP
‘\,24 /‘/.%

4o
Check Increase | GIVE

GIVE

Bl 3-14 Fsifz o % B A2 R
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Residual

99.9 % iz B %

<€ >
// o
;—"/ i

m-(:IVE m m+GIVE

—nn\

B 3-15 B ® /e 7 99.9%05 5 %L

RE LA @i FARIFM L2 F58 P > A T a4k 2 4J1\f€lu§%[f€l
pFo T2 F 8 & -GIVE Bz s —"z »m g AR-GIVEZ V18 > L RT3
B ReBES L SR ARE T e Rl ’f}‘%—(GI‘ld Ionospheric Vertical Error Index,
GIVEI]) & % % & * —‘F”f  jE —‘F*fﬁ‘- k4 3-6 (T E R 3-15 ¢ 0 F A
MEGIVE chg=FIp - 87T &2 ¢ 7 99.9%:07 1 8 > B] GIVEI #-¢ 3 4«
I|TT - R B B TR ¢ 45 99.9% L o

BERBAAS T LY 2 THRANE Y S ARTLR € ”Lr?F
amagaﬁﬁa@wgﬁmﬁ R DK DR LA
{7 A% £ :& H-(Precise approach, PA)PF #7:4 Jf & % eh o f'5 %
Bodt et ] o Tl A A ARTA G v AT A R R

£ o
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# 3-6 GIVE £ GIVEI 2 ¥/ £

GIVEI GIVE (Meter) Tanve
(Meter?)
0 0.3 0.0084
1 0.6 0.0333
2 0.9 0.0749
3 1.20 0.1331
4 1.5 0.2079
5 1.8 0.2994
6 2.1 0.4075
7 2.4 0.5322
8 2.7 0.6735
9 3.0 0.8315
10 3.6 1.1974
11 3.5 1.8709
12 6.0 3.3260
13 15.0 20.7870
14 45.0 187.0826
15 Not Monitored Not Monitored

§324 TARBLA LB IRLER

AR 1#;ﬁé/§z’wzé_im D - e AR D e
BT AR & A R B A é*ﬂf‘f;}ﬁgfiﬁ#ﬂ—?(RTCA
DO-229,WAASMOPS)k 2 4 R L A3t Leipit B P &0 & F

e pF 2 34 (fast correction) ~ & 2T l/'é,L_ 7 3L (long term correction) ~ &

b

le u’

\
o

i3 * 3 3 (mixed fast/long term satellite error correction) ~ T &tk i3 it

N

N

P

%

(ionospheric correction) ' % % %a‘ﬂ Zg{? 21 (degradation factor) & 7 # £
TREY SN E - BErhar 7 A 2 P RE TR BRIFRIEL &

\\-:

I% 3? R
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2
EFERCARBAFFEL ORISR SIS E IS F B FE 2 B
AFESRAB R T B4R R EE R gt kY s A AR

(Earth-Centered Earth-Fixed Coordinate System, ECEF) /& $&3& &2 &+ & (osx,
8y,s2) ¥ RE LA %?*QQJW”*ﬁ%%%m A LE
?—'5:‘?:;.°K,/fﬂ’,'4-l} E‘mffix} )%i% Z/J};%E;PE'B?UJ é#éré"g.ﬁ;ﬁiﬂéﬁ

(S 2 RARFAL DT " B UFRFRR T D% > o

24

YeRI3-160 GABALBIALER - LRF LA B AL DL
= H¥ & 38 e 4R 4F 5 (preamble) ~ 6 1 7 e 4 4F
A S22 A LN F B4 A D TR AR 0 B )R- i e

-
)]

«C—— DIRECTION OF DATA FLOW FROM SATELLITE; MOST SIGNIFICANT BIT (MSB) TRANSMITTED FIRST)

< 250 BITS -1 SECOND >
24-BITS
L1 212-BIT DATA FIELD | PARITY |

L 6-BIT MESSAGE TYPE IDENTIFIER (0 - 63)
8-BIT PREAMELE OF 24 BITS TOTAL IN 3 CONTIGUOUS BLOCKS

Bl 3-16 il mgrindEh

24 AR RS RE R BB L AL Bk R 52500

AEFy o
ER BRI A 4 L 4 @%%L"'5E1§4"Tz\37;11 A2 IE R LA
CEL I Ry %,bﬁézpp(message type) - # E%é MAL AR BBLA T

N \

LB R 2 A o R38R A M AR LA T L BRI
I'ZGF!EZ Paéﬁ-@m{;}l»;ﬁ, Fm G A BERFFEFIE o Mo B R
A B T N 'ﬂ‘—%} REH S i F/kERFHEE
(RTCA/DO-229) -

i

T
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#2037 ABAABIALER

Type Contents

0 Don’t use for safety applications (for SBAS testing)

1 PRN Mask assignments, set up to 51 of 210 bits
2to5 Fast corrections

6 Integrity information

7 Fast correction degradation factor

8 Reserved for future messages

9 GEO navigation message (X, Y, Z, time, etc.)

10 Degradation Parameters

11 Reserved for future messages

12 SBAS Network Time/UTC offset parameters
13to 16 Reserved for future messages

17 GEO satellite almanacs

18 Tonospheric grid point masks
19to 23 Reserved for future messages

24 Mixed fast corrections/long term satellite error corrections

25 Long term satellite error correction

26 Ionospheric delay corrections

27 SBAS Service Message

28 Clock-Ephemeris Covariance Matrix Message
29to 61 Reserved for future messages

62 Internal Test Message

63 Null Message
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% 3-8 LIERBAA

L A NEAT B = T o

Data Associated En route, Approach
Message Terminal, (LNAV/VNAV,
Types Approach LP, LPV)

(LNAV) Timeout
Timeout (seconds)
(seconds)

Don’t Use for Safety 0 N/A* N/A*

Applications

PRN Mask ] 600 600

UDREI 2-6, 24 18 12

Fast Corrections 2-5,24 Variable** Variable**

Long-Term 24,25 360 240

Corrections

GEO Navigation 9 360 240

Data

Fast Correction 7 360 240

Degradation

Degradation 10 360 240

Parameters

Tonospheric Mask 18 1200 1200

Tonospheric 26 600 600

Corrections, GIVEI

Service Level 27 86,400 86,400

Clock-Ephemeris 28 360 240

Covarlance Matrix

Timing Data 12 86.400 86.400

Almanac Data None None
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(=) BN *hAp Bk ,.“f-;v‘}gkfrégf& e PR o

C)EFF FRBAAS Tdfrak AT 4 AP RY -
(9’—‘)%’”%“*;%?& LA MR BADRY o

(7 ) GNSS fFk i jo e A R4 -

() % KR A i kSR ARG o

() R B LA Rk A ERIES R HAERT S E
(~) FEFFEZ <E‘-}i?.#°’% VT o

L) & FEqh> %

(L) H s ApBEFAHLZ i o

A A B EAe 4] T 44 Hoorab o 1 (FpE AR S AR p 4
330 p A=x (99& 11 % 24p ) 2k » £m = fREya
()% - FAERIEE A EpA230BpFIPR (99& 17 28p )2
PRI 200 (FT AR
P E 32045 p 4= 180 B p & X (99 & 67 27p ) P =
Hp P ITEFL 2 w(géé%yvﬁMWWhﬂgﬂwﬂﬁﬂﬂnf
2 L o WP AN T IO ZT e S A4 R 1R P R E A
HEER SRB LA BT ELE 2 TEBEHE S FART L Z g
M BMEAAE Ao R TE4H O %% FIREHD B 0F
R SRR T IFE S 2 2 pH TR REE
)“ir’bﬁii’?%% 330 p RPN (99 # 117 24p ) % i1 iedsF2
OR(FZR 3 TRERIPIEY cEFHATEEE -
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CFARAPELBD WY FLENRIPIEY cF I pA 4B F
P\ ’J_I'E“NJ;;;L"‘ "]E]—l/?lg 5?’? ZB{ZII]}B[‘g%P\%d\;l"}/ﬂiﬁ
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) BT IR NHEE F WORD 2 PDF o522 #) ¢ »
FH R Ad R I (5FF) -

BRI ITRAFL B IR AR LT 2 % 2 B 4R Power
me%%’””ﬁﬁﬁ%ﬁ%*ﬁ%@ﬂoiauwwam; CERIE R
STEEPERALG TRCENE - dof @Y T Atk o ERFRTTERYR
BlgY wFAUEE > B r]‘gflf}s‘ﬁ‘}\ °

fo S %

(- ) GNSS gLip| & 2§ B8 o 42 5
LA * 4% PC /i m i E 7|32 TCP/IP pail MIEE PN j30E
_ﬂ%ﬂmmW<ﬂ?Sé£$%ﬁ&ﬂﬁﬁL£%k%£ﬁ*&
2R
2. GNSS f#Fkh il T4 fe s i3k o
3®ﬁskﬁﬁwgﬁﬁkﬁ°
4. GNSS % & &k H o
(=) fI* BT Rk FEZB e 5
C)FFRBFEE L A T 52 Fh EBEPFERLFE I JE
ok Bicdkd 8 L R A W e A
R F B R E AR L PR B ER D e

2 g E 5
Lk kg2 PERGFLR S -
Zé.ir'f%j:ff ﬁfg‘Fﬁ-i? I}/ —}é—(é‘x sy, 52)(1nWGS 84) ‘f‘—" JM_E’_EE":

hiFA 2 31 F(®) e
3. RRIFE A FEAARFEALAE TS RE o

()P ERBFE LA T 2 THERIFLFE 2 0
Bep2 FAHEUERITAEL THRAFL ST E 2 R

@%};%@ HI1iv3Ep &4

ET AT HEEL
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125 55 T 5 m $EE4E(Pseudo-Range) 2 & € o
=3

Mmai@iﬁﬁxgﬁgg%ﬂo

~ &%?ﬁ%%w#“3£4wwﬁ4ﬁ'§aﬁ§ﬁﬂ%uaaﬁ%
= NSTB WADGNSS A & £ A € i=if & 3 4 % # > 518 Internet %
I®B%%&ﬁ@ﬁ$%?ﬂo

(1) 2 @ #% T 4% & #E4(Pseudo-Range)is i+ £ » 1 #-H % 4 RTCM
SC-104 1‘%«5“3% A% > B8 Internet 2 RDB B4 % sigif i
&
A

(L)L EESFE TR B R E L A E S LRI -
(t-) 28 iz S e BRiEgFE P EFEE LEFLY
FRAL 0 X FREE »J‘.ﬂ}fri,af-#q ®RBEE LA T k2 vy
ger o, B 0Fp FRI S
L?Eé‘*”ﬁbﬁﬁ%¢@%ﬁﬁ§&iiiﬁio
2. B ¢ Lﬁgﬂ—“z%%?l} & a & g ]

BB A T ek A AT £ R R 41 907 0 L prah gl e

PRk p e-GPS A B ot e Plen GPS LR & - B F 2 FRET 4
2. % :é»(Test-Bed Reference Station, TRS) a2 A2 F » i * A 4p =T

i RER SR AR RO BB A S R E R REY FE
AL P R 18 i&,(Common View Time Transfer, CVTT) & iy “,% I S R
mw%%f%ﬁi’@ﬁTimg;wﬁﬁﬁfﬁﬁ@ﬁk%o@_
TR SRR R B E AP B E mJgRis 0 £ oA i %ﬁxyﬁw
+ Pt FE T 4 4t & 40 e (ionospheric delay model) £ fz iRl R & FLif 2 G
EPERFAR LD ff chfs LMzl E B I ENE RFRETA AR
BAABEFTAZFTRRES > S pRGELRY FRF o

\\\ﬁr

q
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Master station

Time Transfer

|
| Internet . |
Y monitor and ||
i control

Collectdata = TRS Process — lonospheric delay |
model |
Message :

scheduling =

and packing
Common View Estimate SV orbit

& clock errors

Master station algorithm

I —

Podp Tk L R R RBREERE TR X2 PR TR R
4]* PRN 19 ; ﬁﬁﬁiﬁgi\‘,ﬁ\l,ﬁn?ﬁﬁ FREEFRAppETH He %
L, PR D T3 5 2 BRI B8 A H s enl,, §19F
HARE T E 0 e § e || e 7O R « PRN 19 B4R 9 5 T 0 i 3
A% 4o 42 o

ionospheric Delay (m)

25

Code
20 - Smoothed
Carrier

15+

10 +
" lm||| |.||l||”||| i

57 | M“H ll‘ il

\ "'mlwl"' m N' |‘|||| " M,M

-10 ! | )

1 1.5 2 2.5

3 3.5 4
UTC time (hours)

4.5 5 5.5 6

Bl 4-2PRN 19 B ik T i b i 2 B %
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hiEh b BB EAEL BRIFEE S G 0 A sk PRNOS 267 5 0]
PFenk e PR Ll v 8 %% (0B 4-3 977 ) BF I8 4 ot % E
RN AR RPEFL L > FIPLAF RN L FEF&ER T § 4
WE B B AT AR NEEIFEE TR

¥ oy

Satellite
orbit
errors

,
(¢

dB(m)

3. 4
| Satellite
W clock
| | | 3\ | 4\-

CIrror
5 12 12.5 13 13.
Time (Hours)

Bl 4-3PRNOS & o7 phsban 4 2 5 B %

i AL RY FASREL DT PRI 0 L& 200 UDRE k4

B2 mRTL R 2S5 W 44 #1E T 0 5 PRNOS
P4 275 5 11 UDRE ¢hB B > Bt Afirhk 30 ir & g s
I FRIEEZ L FL gt o UDRE P pw5dc g skt * H o« g2 H < > 2
mIRIEAEE 1 E ¥ VA UDRE® o, #7¢ 7 °

)

\
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PRN 05

Meters

time (hours)

B 4- 4 PRNOS & ¥ iedis & 3% % ¥2 UDRE B 4 R

= 3
K“'wp&ﬁﬁﬁbéw&ﬁﬁwﬁiﬁﬁmﬁ Pt e

R
Pe xR PN FLLBAED B ST AEFLRAE  FEE
B gL wE i DA B ERE BB LA A bk ks
TRIBEEHNEREBL AT EZEREEHE T R TR N
R %%i@’ﬁ%i@%WHm’%?ﬂ%?“%%E&%%;Aiw

_T_
:E‘: ,; ‘,,L,O

[
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§4-2 & % H K SE LA BB RBRIHE

%ﬁﬂ$=
(=) & % ™4F Radio Beacon MSK 4% 4z st #
1. MSK #A 34 B4 5 5 283.5 1 325.0KHz -
2. % %2 %®(7 )M+ Radio Beacon i if (i ~ % 4p) L p B 5
% (AF) -
3ERMI TP a0 TVRETE IR AL o
4. Radio Beacon i & TR E W ¥ > p# g T TR ERFH
& oo
5. (ﬁoi‘ %57 Beacon 3L ELE_K p A oR B RIB L IFEE mg#&)
£ % P TR 2 Rl ¢ < Radio Beacon #7TR 2 £ 4 i3 3 4
wo 0 TRR T TR S RS-232 4w %‘J 3 3 {823 WADGNSS & # —‘F"‘]’
LN T g
) £ & @4 FM RDS-TMC < 4
1. FM RDS-TMC #:¢ B3¢ = 87.5 1 108.0 MHz -
2. 2% RDSAF # i > £ p &4 3485 (AF) -
a%ﬁmﬁfﬁﬁ,ﬁﬂ%ﬁgﬁﬁﬁm%o
BB B R IR AT R 2 PR T AR #5458 (RDS-TMC) -
TR TS d RS-232 4 G ﬁisa] I ¢ = WADGNSS i¢ * —‘F’ﬁi;;_fg
P R
) B RAZ B A SRR R 0 L3 F ~ GSM/GPRS © EDGE(3G)%
WCDMA(B.5G) % & 5% &¢ o
(z) & & RS-2324241 1 & » 7 4% 155 WADGNSS # * K F &34 % £ 4y
£ RO S Rt UL RIRER T
(F) &% Fop SAFE LA B 0 T e A A 4R B RR
LERHPMET w3V g s o
2EHRET 2 RS232 A o i 45238 > 7 ﬁ%l PN S & (T
BERERH TR MRS C EHURE  HRFE 2 B AR

Iy

(

Iy

(
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FRABFEDIIFRLIA B I AR T T H MR T P
Blg il u T fFaRt i
1. #3#F Radio Beacon MSK
é’% #f FM RDS-TMC
3R /2N AR AR e

ALAR % Ao 4-5 9757 0 @ A G & 42 TTL VO ~RS-232 8 12C 5 @
FEL SN g ix k sti5 i RS-232 4 o &7 Bluetooth 4 & #:i% & £ ‘plvf@:’}}i&”

T X
FHE BRI e E T s Br P2 & d RS-232 /i o B 3 A & 5\

JE TS % y&
~r 2
’I | f yu ©

Becaon MSK FM RDS-TMC
Biia BN R 2/3G Modem
! [ e
TTL 1/O Y S

Micro-controller

RS-232 Bluetooth
- Q

AR PR

g] 4-5 ;z ‘H;F'-F;\; A ‘}.L_ p%%;u’fﬁ“iits— e R 'Eﬁ 7}#@

(1) #g Radio Beacon MSK -z #- %

%47 Radio Beacon MSK £ Jx -8 e P ¢ 5 32 DGNSS 4 &+ 21 %5 -Radio
Beacon MSK 5L & B e P e B _#-X A Joip & 283.5  325.0 kHz &
WELESE T A ‘Eﬁ,?éi P SEM S BRI s > 2 B S
B R i@“’f » 518 DSP P22 et ol 3 R A LT 0 A
A eniE & d DSP aﬁi RO R TR AR 4-6 97T ¢
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Antenna (X 4%)

Automated gain control A/D converter

(B #3HiEs) (BArbprdiia ®)
RF
filter
(SRR B)
RTCM output
Statu(s ;T()éﬁ;;/;utput | | DSP Dl
WA/ ) (HEMTRZE)

| [oa

(FFAR)

Memory
GGLie )

B 4- 6 Beacon #&{< - AT £ 7 1 ]

2 TEA R F A mﬁig,])x %%{FKM;@P AF B kT AT
BfeF p BB ;;’%&’f;m%{ﬂ i ’“f A I FRAN o TVREGE DS
Z2_* >4 E B f23 Radio Beacon *TR #f2. £ 4~ 2 1 3 4 # & > m MSK
%;;ﬁ‘z’%;*ﬁp‘ﬁ % 283.5 1 325.0KHz> I * #& & 2 *.( z )Radio Beacon it
FE(L ~ HAR) > P BT S HOF (AF) -
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(2) FM RDS-TMC j23} % &2 248 B H e

FM RDS-TMC 3 % £ j2 4% B ke chp ch 34 5 5 87.5 1 108 MHz
STABLIEAR LS o (TR 2 R EE 12C 4 6 BE DMLY 0 B D
EH PR ARIIEE 2C 4G e B FEY KRS o R
B3k 3t Flo @) 4-7 22 B 4-8 977 0 AUBLE R SR T2 (60 d Mok s i 12C
A5 REAFFORT  BWFHIRIF 2 LB AAGRRE -
ABLHEAE D 225KkHz o R R E RD R Bt RS BIAAE N b
(4518 12C 4 & g o

Demodulator
Fol gl ez g

Filter 12C-BUS Microprocessar
S5 Interface 1CTOPTOCES
(PHRIE R B) * e ] AL
=2 RDS Decoder [«—

(RDS #4535 )

B 4-7FM RDS-TMC &34 % £ f275 B H 2 % . B)
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01
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K
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v

GRE-LF

— e

MHDRIXT

*ivd 1_5[0_\
cIvd rtas
11ad
o184
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Bl 4- 8 RDS #2 i ke 505 )
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B R /2 A ERE G eE R e o B 'i' #q—’{#:
A S R L o ST S N =X Kl ) Lt | ’?{_
LAY EE T LEr

$ o/ MRS K ST F RS § = 40 3.5G UMTS/HSDPS 31 &
1 {FA %) & 850/1900/2100MHz » 12 % w #f 2G/GSM/EDGE/GPRS 3 # 1 (®
4 %] 5.900/1800/1800/1900 MHz» # & ¥ # 1 #5~ i 31 (SMS) & 41 & 2 3% ;
Bod4te B 5T Pk g }‘ » 3.6 Mbps »  #i# F - 384 kbps o &
Rz SIM-~ /i »SIM /s 58T %Sk Ea SIM+ > & RS-232
¢ USB 4 & {-%i?ﬁsz@s'—l%&fwiﬁ °

(4) TRFWATEREFES L

ZOPIRAT B I st A i 4c T 0 i3 ¢ Beacon FEjeficie . MO ik B L
% »‘+—:‘q[‘§y{$§;}f’€vp$éﬁ—j_‘§7‘ B,g\‘ s 1R ;3;‘:",;5.»];(:& E it ﬁ#a_»](#]ﬁ]fgﬁ o 3

LR aBeacon’*%ﬁ BAcT Bl 49 rm o AR 3 k2d B2 2 LED
g,ib = ¢ LED % l,;g,:ww_, %4 LED EJ@; 5 AT A
m%{ FM RDS-TMC f%3} % 22 j3 75 BHice l%] 4B 4-10 #177 »

g VE RDS AF # it ~ £ 3 p &4 & (AF) bt’ﬁ”c%”% 2 IRFT AT TR 2
(’PB%&X R AR %éﬁ&}\ (RDS-TMC ) » p* 3 * B & ATE ~ li?ﬁ%é} ~ Phase Lock
Loop #* 3+2. TEA 5766 IC ¥ Fully RDS/RBDS demodulator comply with
EN62106 -

)u-

F /2 RMRSGE A K ST R E T RACR 4-11 1 0 e T
# % » GSM/GPRS » EDGE(3G)%2 WCDMA(3.5G) 5 i » ¥ d 5 & 4
FERE F: S T R AT H e B 4-12 5 B2 SR A L TG
BEcfce > ¢ 7 M4F Radio Beacon MSK £z fic%e ~ FM RDS-TMC (33 %
HRBRREE Y /2 AERE N AR e Z BN R Y =
LR RS

T
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B 4-9 Beacon g % 7
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Caei¥ L@ B

= ooy |
§ o BBt

wLICLE

ga @

ER )

LE_'.:

2
.

Bl 4- 10 RDS F i

62



gesg! &

L mac:0009B5142512

Bl 4-12 iEis 2 SHFEC B iTiicie

(5) $HEE A A I BRI el 3 ED

SHRER A A 03 I BT e "f ML H w2t PR K
& 4 N2 gl giie i o Beacon 2 33 g H U 424 ] 4-13 ”Lri ’
THBELE TS FELENT L2 2464 %’émﬁ?i%ﬂ?# T 3% B
Beacon?%%iié’«a Ao R R TV RFRAERE N E B ﬁv@:
: T T ﬂg B ﬁjrg ZHEEF o IR K AT ;}iq&:[&]j P14 ¢« Radio Be;cor;
;};ﬁ;i; l'f/_l_ WA F R TRR TS d RS-232 4w ﬁih]k.,L fsrh e
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RDS ##8 B 4218 {7 150 4§ iy » 2 37413090 p $40F 87.5 1 108MHz
AR ISR~ ARDIE S 2 RO S o B AGRIES (S TR AR
FRFFT A F_K 2 TR T AR R TR RDS-TMO) » ¥ #-aridez F
B Gd RS-232 /G it T it ® FARIFT 4 3P gk A A g
HEAE 0 &P 3THE S AEF o AER8 FM RDS-TMC #+41in 420 B 4-14 #77 o
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RDSA% 48 =7 J&

—
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Yes

S ik EHAE i Ky EJAE

ik B HAE i Ky B SAE

B 3T%E F

SR F ARG

o 4% 35 0 B AT 3R

2= 2 RDS &

B 4- 14 FM RDS-TMC ¥ 41 i 4% [
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(6) ﬁ’r /P Fé‘

SHME AL B AR EN 2K G 2 M&b M Ea NGREY
A fERS22EET B A6 o WEN 2 BT RY S B KE > T
CREEMF AR X 5 TARTF IR oo 2t o HiCe 2 4p MR AR 3T
Ao T ENENA40~85 B FIMERZRUEHIMFEL A AR

Brams a7 gBER D FETe AERF2 SHELA B L ARHEH
b 2B R AcB) 4-15 P11 o
Bl 4-15 59FE 4 A 3 1A e
KSR LA D U vﬁﬁﬁﬁﬂ*ﬂ?ﬂ“¢¥
SEATHEL SR AR A AR 2L L AR S L 320KHZ . B i
AR SR AN B AR e & RS22 ZET 41 4w 0 T
8 %ﬁ@éiﬁﬁ@ﬁ%i%f@é’@ﬁﬁﬁﬁﬁ~ﬁ%ﬁ&‘

MEL K ;}EI—:EF/{ ¥ & P ¥ § ¥ Beacon 2 RDS-TMC 2 £ F L5 d RS-232
o D% ARG R Rk iTT 4 R 4-16 5 Beacon?%%i:fi‘eﬂéc
Ad > Bl &7 P rdifc 2 £ 4 MEL 5 WA RIE P S ek arg 2 4
% 320KHz 1 335 -
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% |GGA RDB |zfirsE#:| NTRIP| TOW: 273969
3 — latitude: 2435 785535413 |
fomy | | Em | M| R
COM1 connected V FEERRRESE longitude: 1204644484227  E
= A |320 :’ IM j T Solution: 1
= Satellites: 8
AF, =5 I__,' Eﬁﬁ atellites
Last Message: 0
RDEBF%%:706732 REDBRAIFS:200KHz . o
RDBJEZE:320.0 RDBSAFF 1348 SEliie by O
RDBAEH M ShEID: 79 INFO: a
GAINAH:0
Altitude: 43,8030
d|_Ku _T{] bA@@ | [uOTKA@KKY~"C]
Units: ¥
$EP0S, 273969, 2438, 785535413 M, 12046 444842272 E, 1,5, R | EXIT
0,43.8030,M,0,0
Bl 4-16 £ is s xb2 2 1 25

A48 FM RDS-TMC #3322 (278 Bl e v ;%—r»],:g ERTIELEE ) = g o
B a%%é}\ (RDS-TMC) » ¥ #-44c &
ST 4 o iR FM-RDS 2B

ET'P]EE—?E‘_E,;‘E A
i #
3 B 2 F 3 Ae ] 4-1

A AR

LS

RS-232 /i & # 1

B 4- 17 FM-RDS 3t 5.4 1< ]
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ce e e g RIRE R ‘ﬁ‘sﬁif?’ﬁ]ﬂ
Rt 5 33V/SV i BT o R 4-20 4T
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?351‘“'?

B 4-20 § 4

8§ 4-3 GNSS @ i fictper iz & & 247

AP FE

® = GNSS fFh T i cfiie .

E#S0B(% )u FHAEE VT R éih]ﬂ GPS~GLONASS % Galileo %
37 A G2 L1-GL 2 BV 2 Rdn R A5 2 YA Ap BRI TR -
E % SBAS & A5k B 4 o
3. % @ GNSS el £ it dn R E 2 BEEALER £
b ©
v ﬁ;l IR B JE 42 Ese L (Navigation Message) e
B W 2%8(7)}F RS-232 ﬁ;ljiﬁﬁﬁlﬂ:/ﬁ%)\ FoRp ©
RHARLLERET A FBERFTI(Z)304 -
ffi?rfr MBI ATR BB E (7)) *0-150dbm (S < P 33 7RI iR SR
PEEE T IR AR o
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P E 4T

Lg% g AT B 2 7 Az BB 5| (FPGA) 2 32 7 (7 )M ¢ g2
e S BRI RE > N GNSS FE T iEcir ez BT
%ﬁ@ﬁg#aﬁﬁiﬁo

2. B & WADGNSS % DGNSS % 4 i I 30 & 2475 iy » T3k 3H7 720 %
Pn AR B FA A TEY o

3 MAAS LRFE G0 NAIL RS R BT (L2 L fR o

1 iE7 B
(= ) Trimble BD970 GNSS{#F % Z_ £ jaficie

ARRIEETRT YR "JGNSS Fh TR S ublox e & 2
A SLEA-STHC e » 22d A%k 2 P15 7 P FF#12GPS ~ GLONASS 2 Galileo
F3/7 R A ,§‘<\L1 N GlZi BIAE 5 2 4o T A8 2 LSk Ap plpl T o 2 p

arublox « 7 2. LEA-5T GNSS#:qcfic e & & B GPS + Galileo#: & 1‘3— o
BH w W%zr’Umstaré 7 2. GPS +GLONASS#jxficletp 3 e » 41 7 2 7|

AR PR R A MEY R AT RAERZ i /F“;‘»{?Lﬁ
AR A ERS B AR A HXE N - BXAY 0 %X BT S

Ea

Bk s o ""E'FBJ;B’FPGA(" #2500 ¢ﬁﬁ$),u B x’\ﬁ,{%ﬁ IR B & By on
EETERE S AR RF LA ST R et o poaoam )t R OF TR
B2 Ho T A REESEEALT > AR R EH R Heu P g
EN IR

Boavgtor 3¢k AL H i 7 (SOC embedded processor) 3 & — B + 2 > 4o &
A M THET N B AN F BT AR Y (System on chip,
SOC) B  ¥{»?W P AV AMHEFB LZMHRENP {858 T 27 B
Wi FAH B X A E o Blde o él*'?r@ B a2 T P
P 5 R AR S S T T 5 [ degc i A FPGA s 8 R Ap 4 e
LA IUEZ FEE -

F M ¥ {2 GPS/GLONASS/Galileoz. Trimble BD970 GNSS# %
R Rk S d B (SoC)B- R R L L3 2 % 3+ o B2 Ublox LEA-5T#:
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JoHoie (% & 4 % 50 USD){ # % Trimble BD970 GNSS4# »]’z o ¥ 11 SoC Br
RFPGA(S + £ % 1500 USD)# & A # ¢ 5 1450 USD it # »cis 2 42 7
B MR 4 % o Ublox#? Trimble % $t% o Vb fiide £ 4-1475% o

% 4-1 st i
R CANELE 4
& Ublox LEA-5T Trimble
BD970
GNSS #73f # 52 220
A 2y CPU ublox Freescale
350 G5000 MPC512
CPU £ *‘;‘i&‘ﬁ FHER 5 MIPS 760 MIPS
CPUARHpFER 3Mhz 400 Mhz
5o Fojie FPGA SoC
CPU #g 7] FAEBER |k SH S Y
Y %3 Altera Mavell
Eik Cyclone 111 PXA310
CPU 73 68Mhz 624 Mhz

:z::}fg; Fits2d s d AR FE > L2 H x:#&“”%i 4 e S H
& % F]Ublox LEA-S5TA|GPSE Tl e Simat 4 fi)’r =B RREARY

i Lx“%s—‘ﬂfw—ﬁfb” ESLR e

0

2 %’L%s #* 2_Ublox + Unistar + FPGA f{
Fhiy % EHREEITES R L AT i§4c+ kS| I% ERRP]T s llﬁi—\ﬂ\‘}liﬁc
BEZO%16E %4 %10 7 1 Rk Trimble BD970 GNSS Z_i+
B ol ITREEY &P KILE e (System on Chip > SoC) »
Fi5hyo

i 5 B EL Nk gk (T & % 2 Trimble BD970 GNSS{#FE: 2
3 T B e 4 B4- 21“Lr—r o Trimble BD970 GNSS{#FkA: T > Tt e ¥ it

GPS ~ GLONASS % Galileo= & ##af@rh 4 5L 5L » ¥ %5 d Trimble BD970
2. % B i 7k & % Application-specific integrated circuit(ASIC):E 7 f# 33 2 55
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AR B RIE 0 B B e T Bl4-22977 o 3ZASICE % BGA3 % 0 £220%2 3
M RAE AR R f 7 ¥ #-GNSS Carrier 4p =+t %] 3> Imm?* > H
Trimble p 3 ¢ Everest HiF{ 7 »efviy Gi bR o

BoMiI0)
2 ‘-“'-.A.;. ]rlu:llr
Q_Q.ZZBE_'_ ) [’ I
JHHHI'~ 5 o f

B 4- 21 Trimble BD970 GNSS % T = e jc e

Trimble BD970 %‘r R BT 8 AT N AR Bl 4o T B 4-23 o o
BD970 #* £ & 4] 1 M3z 3+ B (Low Noise Amplifier, LNA) > ¥ 12 2
- X ‘9’1{# vlﬁc FHE B > B PR RJZ GPS © GLONASS » Galileo 2 SBAS
Tl 220 MFEAPME R FEF T/ AV A TR
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RF Front-END
‘ GPS/GLONASS/Galileo/
i SBAS Engine

L2,L2c and L5 L5
(option) (option)

ASIC of BD970

Ethernet

RTK Engine

Freescale MPC5121

B 4- 23 Trimble BD970 # & iF 5 0 53 27 S 47 ]

4B 4-24 #75+ > BD970 & &% 760 MIPS 3 i# 32 =74t » ;% &3 fh & o
B TR BERICHEL T £V F AR AR G5 0 R
Wit r K RIS FREL LA -
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System CPU Platform Memory Interface

EMB

System Functions Multimedia Connectivity

-
=
el
PG x 3
Fon o e
Connectivity MMC/SD/SDIO
CAN x 4/J1850 SATA-I/PHY
ITU-656 - USB 2.0 OTG/PHY

Bl 4-24 BD970 p &

32 =~ SoC

Trimble BD970 GNSS#ejzfi-ie o H 4o ™
1. E H220B4p 3 ¥ 32 % ﬁi%J 11GPS ~ GLONASS % Galileo %387 = %
42 L1~ GlE B 2 R4eT A & U ptdp Rl o & 71 5 st e
BT RO B L A -
— GPS @ Simultaneous L1 C/A, L2E, L2C, L5
— GLONASS : Simultaneous L1 C/A, L1 P, L2 C/A (GLONASS M Only),
L2P
— SBAS : Simultaneous L1 C/A, L5
— GIOVE-A : Simultancous L1 BOC, E5SA, E5SB, ESAItBOCI1
— GIOVE-B : Simultanecous L1 CBOC, E5A, E5B, ESAItBOC1
: L2E % Trimble 2 L2P30 552 if Bzt 5Lt 3N o
2. B x% SBAS % A% & ik 4 o
2% @‘J NI GNSS JFude BRI £ 44 AP ELIRI £ 2

W

B BEEEALEL R E

o
o

&g
A
I3

=7

SNRVRPS

ﬁ;%

R FRE R A2

(%) RS-232 A
iy ;3—; VbR ARG

¥ se 4 (navigation message) ©
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7. & &% 1% LAN Ethernet port :

— #3133 T 10BaseT/100BaseT 4 g, -

—5rF P A BB E - [P TR web GUIA & e F i 2 5
B o

—Network Protocols & #2 & F£HTTP (web GUI) ~ FTP Server (when data
logging is enabled) ~ FTP Push (when data logging is enabled) ~ NTP
Server2 NMEA... % -

8. ATR B At 4r 4 4-2%751 » Tracking & Navigationf¥ 5 -158dB » /4 B %

SR B 5 -150dBA R 5T ) o

% 4-2 Trimble BD970 57 & B % #c

Parameter Specification
L Tracking & Navigation -158dBm
Sensitivity
Cold Start (Autonomous) -150dBm

Note - When securing the cable, start at the antenna and work towards the BD970
receiver.

When the cable is secured, coil any slack. Secure the coil with a tie-wrap and tuck it in
a safe place.

Tracking -158 dB
Acquisition -152 dB
Reacquisition  -152 dB
Cold starts -150 dB

Bl 4-25 Trimble BD970 2| 4-aC R & 2#5
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(=) Trimble BD970 GNSS % %+ & fc i e 2 31 BB~

LAY

GNSS#feficie o d RS2329 7| B @R fph2 -3~ T
FALn®E o @ FEAGNSSEiiF B 7 #pP-GPSHF s & F TR 2 BLplE 4
BELEFE P EF AR F-o AR Y FTddp s 0 B S
EA R FLS o GG AAESE

Lo $- a2 ad @Y ¥ T4 L R Y XV T 4 [54h, o
L RHGPSHFE H & TR § et dp 4 (8 AR R L R 2
$& T55hy v @I R Ko oR426%5 0 R Y F AT T L
$& T56h 11 & £ 5 GPSih Bl T § Wk qest 4y £ 15
ARt 2 dF L 4 TSTh, w3 @ % Fsh o AoB4A-2740 7 o FHE
P EEHE TR BT BNAK -

2. %A Esd epd g R iﬁé%ﬁiﬁgﬁﬁlﬂz TR W
4o F14-28405% o (& Ak T(D)F ARTITH & (TRRRTA) - (2)8 7
Hge X2k e b Q)BLPIE B 24 5 (4)GPSH /e & JE 3 2 P
(5)F& T4 3K o

Packet Flow

Receiver Remote
Command Packet 54h

T

Report Packet 55h or NAK —

W 4-26 % B F A 4 R i

Packet Flow
Receiver Remote
Command Packet 56h

1

Report Packet 57h or NAK —

W 4-27 LRl B 4 4 SR 0
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I/0 Configuration

Seciall 1 COMI |rriRTr -] L

Serial Port Setup

Baud. 38400 ~ Parity. N ~ 2.

Input/Output

Output:RT17 (1 Hz)

RT17
3 Epoch Interval Options
1Hz |+ [CIConcise I Multi-System Support
¥ Measurements] VIR-T Flag ISmooth Pseudorange
[1Positions [[1Send Raw GPS Data |l Smooth Phase
[[1Send Raw SBAS Data| [l Include Doppler
4. GPS Ephemeris | When new one is available =
GLONASS Ephemeris | When new one is available | -
5 alileo Ephemeris | When new one is avallable  ~
" | .OK

W 4-28 e *J:'i%?y{f"f;ﬁﬁz

i@ FTgd ks 2 2 RGPS & F TR (R4-29)4 R E B
£ T AL(W4-30) - & = BBDIT0R * ¥ &P f#55# B % #(BDI70 GNSS
receiver module user guide, 2010) °
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Byte # Item Type Value Meaning

0 STX CHAR 0zh Start transmission.

1 STATUS CHAR See table 7.2, page 60  Receiver status.

2 PACKET TYPE CHAR 55h Report Packet 55h.

3 LENGTH CHAR See table 7.1, page 59  Data byte count.

4 DATA TYPE CHAR 01h Ephemeris report.

INDICATOR

5 SV PRN # CHAR 00h-20h Pseudorandom number of satellite
(1-32) or 0 when data is for all
satellites.

6-7 EPH WEEK # SHORT GPS ICD-200" Ephemeris Week Number.

8-9 loDC SHORT  GPSICD-200'

10 RESERVED CHAR GPS 1CD-200] Reserved (set to zero).

1 IODE CHAR GPS ICD-200" Issue of Data Ephemeris.

12-15 TOW LONG GPS ICD-200' Time of week.

16-19 TOC LONG GPS 1CD-200"

20-23 TOE LONG GPS ICD-200]

24-31 TGD DOUBLE GPS ICD-200'

32-39 AF2 DOUBLE GPS ICD-200'

40-47 AF1 DOUBLE GPS ICD-200"

48-55 AFO DOUBLE GPS ICD-200]

56-63 CRS DOUBLE GPS ICD-200"

64-71 DELTA N DOUBLE  GPSICD-200'

72-79 MSUBO DOUEBLE GPS ICD-200]

80-87 CuC DOUBLE GPS I1CD-200'

88-95 ECCENTRICITY DOUBLE  GPSICD-200"

96-103 Cus DOUBLE GPS ICD-200"

104-111 SORT A DOUBLE GPS ICD-200'

112-119 CIC DOUBLE GPS I1CD-200'

120127 OMEGA SUEB 0D DOUBLE GPS ICD-200]

128-135 ClI5 DOUBLE GPS ICD-200"

136-143 ISUB O DOUBLE GPS ICD-200'

144-151 CRC DOUBLE  GPSICD-200

152-159 OMEGA DOUBLE GPS ICD-200]

160-167 OMEGA DOT DOUBLE GPS ICD-200'

168-175 | DOT DOUBLE  GPSICD-200'

176-179 FLAGS LONG See table 7.45, page 109 Shows status of Ephemeris Flags.

180 CHECKSUM CHAR See table 7.1, page 59  Checksum value.

181 ETX CHAR 03h End transmission.

T For detailed information, refer to the U.5. Government document GPS ICD-200.

B 4-29 T55h, 472 -GPS 4 Mz k & 4L
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"Byte #  Item Type Value Meaning

i} STX CHAR 02h Start transmission.

1 STATUS CHAR Recelver status.

2 PACKET TYPE CHAR 57h RAVWDATA,

3 LENGTH CHAR Data byte count.

4 RECORD TYPE CHAR Raw data record type.

5 PAGING INFO CHAR b7-b4 is the current page number b3-b0 is the
total pages in this epoch (1 0f 3, 2 of 3, 2 0f 3).

[ REPLY # CHAR 00h—FFh Roll-over counter which is incremented with
every report but remalns constant across pages
within one report. This value should be
checked on the second and subsequent pages
to ensure that report pages are not
mismatched with those from another report.

7 FLAGS CHAR Bit 0 must be set to 0 to enable Expanded

Record format.

Begin Expanded Format Record Header (17 bytes)

B-15 RECEIVE TIME DOUBLE MSecs Recelve time within the current GPS week
(common to code and phase data).
16-23 CLOCK OFFSET DOUBLE — msecs Clock offset value. A value of 0.0 indicates that
clock offset is not known,
24 ¥ OF SVSIN CHAR Mumber of 5\ data blocks included in record.
RECORD

Begin data for first satellite in constellation (repeated for up fo n 5Vs)

Begin Real-Time Survey Data (48 bytes * n)

5V PRN # CHAR 01h-20h Paeudorandom number of satellite (1-32).

FLAGS1 CHAR First set of status flags.

FLAGS2 CHAR Second set of status flags.

FLAG STATUS CHAR Determines whether the bit values for FLAGST
and FLAGS2 are valid.

ELEVATION AMNGLE SHORT degrees Satellite elevation angle (negative or positive
value).

AZIMUTH SHORT degrees Satellite azimuth,

Begin L1 Data

L1 SMNR DOUBLE  of Measure of satellite signal strength.

FULL LY ©/A CODE  DOUBLE  meters Full L1 C/A code or Pcode pseudorange (see

PSEUDORANGE bit 0 of FLAGSZ2).

L1 CONTINUOUS DOUBLE LT cycles L1 Continuous Phase. Range-Rate sign

PHASE comnvention: When pseudorange s increasing,
the phase is decreasing and the Doppler is
negative.

L1 DOPPLER DOUBLE Hr L1 Doppler.

RESERVED DOUBLE 0.0 Resered.

Begin L2 Data (available if bit 0 of FLAGST is set to 1) (24 bytes * n)

L2 SMR DOUBLE o8 Measure of satellite signal strength

L2 CONTINUOUS DOUBLE L2 cycles L2 Continuous Phase is in L2 oycles if bit 5 of
PHASE FLAGS1 =1

L2 P-CODE - L1 DOUBLE meters L2 P-Code or L2 Encrypted Code (see bit 1 and
A CODE bit 2 of FLAGS2) — L1 C/A-Code or P-code (see
P-RANGE bit 0 of FLAGS2) pseudorange (valid only if bit

5 of FLAGST = 1)

Begin Enhanced Record? if bit 1 of the FLAGS byte set to 1 (1.2 bytes * n)

IODE CHAR 00h—FFh lssue of Data Ephemeris

L1 SLIP COUNTER  CHAR 00h—FFh Roll-over counter is incremented for each
occurrence of detected cycle-slips on L1 carrier
phase

L2 SLIP COUNTER  CHAR o0h—FFh Roll-over counter is incremented for each
occurrence of detected cycle-slips on the L2
carrier phase. The counter always increments
when L2 changes from COA code to Encrypled
code and vice versa,

RESERVED CHAR — Reserved (set to zero)

L2 DOPPLER DOUBLE Hz L2 Doppler

RAepaal previous bytes for remaining saleliles in consieliabion

CHECKSUM

SHORT

Checksum value

ETX

CHAR

03h

End transmission

B 4-30 [57h, 484 -GPS ik pLipl & 742



BD970 GNSS ik £ 4 jciicie & & 4542 # 1 GPS ~ GLONASS #
Galileo % 387 I & A2 L1~Gl 2 El M F 2 4T 48 % {4l 4p CopLipl F
AL T B 4-31 kA 7 0 GNSS il B i = 8 h A2 Bl
4 5 ¥ i L1 C/A ~Pcode 2 E code(GIOVE-BOC,CBOC) - B] ¥ % ¢ ]
BAudm= k3 %2 L1 Pcode, Fd B¥A B £ 7= % K2 L1C/A %
BOC(Galileo) » * 4 x i 4 L7 $3:30dB> T3 irk 10 B+ ik > &
PR RO HE T 4o B 4-32 #77 BD970 #c L1 Carrier e A&
T3aL 54 > B 433 5 GNSSC/A £ B 44145 ¥ 5 4 L1 C/A Code i
BImE 1o

Satellites - Tracking Information

__ L1C/A/BOC __ LiP
. L2 E/P or E5-AItBOC L2 C/A or E5B . E5A

C/No Vs. 8V

R1728° R2/83° GRAIZ R12/35 12740 k13/59 Glasdl GLA/59 G22/77 G25/64 G30/39 G31/27 S120/34 14

Bl 4-31 GNSS #2 #3051

Delta Difference: Code - Carrier

20 [ Lelix]
) ) W G06
-~ S . - [~ Ly
- 1 | oGl
B | I | | .| 2o
2 g - - R G
g 10 T | |I.:' i | | | [ | U Héﬁ
] J I I oo i
- 114 TR | | 1 Akl Ll |8
= | i‘i ;1‘? il f 1| i i i Il] I II I.. .({’“
B 0
o ¥
8 5 i | f Il b i
| LT FEEE T | | | u" 1 LR DK I [ YRR W i | ||: WM
o .ol AL | LI Al I L A
£ L 1 A I S L
“ s S I | . 4
i | i i i
0 L ] H 1 H J
05:00 0502 0500 05:06 05:08 0510 05112 0514 0516
2010/811
Fl?:Sz’I\'iﬂfaﬂssuwasUrthuJ_omlleﬁlﬁLS;_w.!WmN'IRACTW‘F\PT&WWIDJ}FOB EF:?‘::I"M'
. gt b Bk
GPE+0h

Bl 4- 32 GNSS Carrier §* 4 # &
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Delta Difference: Pseudo Ranges

8 | Ink]
| ik
il
13 = Lyed
=H
12 [mEes]
@5 -

Pseudo Ranges [m]
=l
=}

-l

T i A
2157463 318781 318795 318811 21B8ZS 31884 318853 318370 218833 31890

GPS-Week 1606

T8I 1UELI OB Alearluby Yaulmy Eal-2al U1

s
CIN (i Al Frewh w Frewh (Onfer 1, Shine 2)
Linear Beepicn CIg:nb

B 4-33GNSSC/A % B 447

B8+t GNSS #h 7 imdjche % 3 K 4 > BD970 GNSS s %8
Yo B B 220 BT 4 0 T B 4-34 5 BD970 fFk Bt & om0 At
A 3B ;;sf« 2t(Lat = 24.141923 Lon = 120.66013 Hgt = 113m » #Jc " 4 % 0 &
)T - X 4G 24 ) P Hft GNSS Fh H2 ¥ B o T35 GPS i
2% 11.23 37 - GNOLASS 4 4 7.35 %7 > Galileo £ % 0.71 3§ o 4t #ic¥ 3¢
s T35 19.29 3F o

Ignore Health:

Elevation Mask®: |0

¥ Use Receiver Position

Elevation Mask: 0/ Include Unhealthy
Lat =24.141923 Lon = 120.66013 Hgt=113m

i
{c
.J/‘xi

S\
1 1 T T T T
17 18 19 20 21 22 23 0 1 2 3 56?891011121314131817
'I'|me [Hour UTC]
GPS Av.=11.23 __ GLNAv.=7.35 __ GALAv.=0.71

" Total Av.= 19.29

Bl 4-34BD970 % % fhisjciic® 7F & st
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(Z) &% % =5GNSS i i &

d Trimble BD970 GNSS#:jc H- e v o ik fc = f8 & i & ¥ $B- R 4o
BT (RAW data > B ¢ 5 B 5EE4E ~ £950 40 BRI £ S BRITAY) foi
TR EeE By g E o

TEFERAEELF AR (DAY EPB I L2 B m‘_LL,« ()
i@ * WADGNSSA # £ 4 i 314 ~ (3)i * DGNSSZ & B L3 4 » 5o if
e S AFT FE(ER-FREZRRE) Bis#rHE fifiﬁ;@ﬁi %L
FT A2 AR AR R o T B4-35R] 5 B R 2 i e A% % UGPS
PR i A E g eGPSIUBLE (7 L iiw B e

Mavigati
Trimble Model Decoder ;""Ell_:r't?n" WADGNSS T
GPS (L1) | RAW Data — i ——— WAAS MOPS (RTCA -DO2Z29 format)
Galileo (E1) Ephemeris (GPS)
Glonass (G1) | Almanac

(RTCM format )

Positioning
Latitude

Longitude
Height

B 4-35 ;ﬁf%ﬁ TR E 2 AR

NTELAEAR()ARY ZRiZ D .Egiﬁﬁgé% >~ (2)% * WADGNSS
REA LB E ~B)i DGNSS;:_ L N fﬁif;ff"ﬁ:;,\\ﬁﬁﬁ pn
A2 o

(HA®R* EZeigra L2 Hgbe iFh

GNSSIC # 718 T4 » 5 8k & A1 2675 5 AT 5 0
FEpAle FE R -

&3



3% 3 GNSSHE 42
% 7B E M

i

HEGNSSH 4
¥ 5] % 7ot

i

FEHT
¥ 5] % 7ot

|
v v

At R #
HEBRE #E R
EmEE 4 !
HXF'I'%%E&)E

W 4-36 AR EEBIALL TR

B 4-36 i ALB Y > TimEE G HLE fi‘s;%mgi;sﬁ B AT 4B 4-37 #5 0 14E
D’Li‘#l; it 2 /ﬁ-—;—r e %E.rw ]%] 4-37 v Z_ %ﬁf{j‘% ,uj =N j’\”]'fgrfr 7 |\"_%,‘ ° fgffr
[hadly: ‘/ﬁ—r’r IS EJ"Q?—T :

L t3 A SpERF -t R FELPFRE > psr 5 Trimble BD970 GNSS

Fefo Bl cndiy 2 LRl £ - BUIE#E(pseudo range) 0 ¢ 5 B F kiE =

84



&

299792458 m/sec » (PSr/C) & 5 5L 1 % PFRF -

t,= t-(psr/c)

(4.1)
R E I % % X REFAGD ot PIRRLES
1+F$f£l1q}@ X2 EE o

, —604800 ;% t,—t_>302400sec
t, +604800 ;% t,—t_<-302400sec

(4.2)
H P 604800 FyR4p % > - F2ZPEF >t FwEEPESY Pl
R A AP E
1
At, = FeJAsinE, ,F= _2*2/; =—4.442807633x 10" sec/ m2
c (4.3)
TE AP B E
At, =a, +a;t +a,t; + At —tg,
wheret, =t —t (4.4)

#Aeaf, ~af@af, i B0 *2 SNl U P FLEFELY
PERP ot — 3 1 %38 587 4 GPS 4 FF4E2 % B (bias)~ ;& #5 (drift) ~
A A (frequency drift)y: 8 73 & o top § 4% L1 EAg 84 % >
pd BRTREKREOT A FEES T E o af ,af af, &t T s
BEFALF RS B o

COBLPIPER B S pE R Lt =t AL, TR RS D
n=%—gfﬂ%iEﬁTﬁ#ﬁ”ﬂ@4i Lz gy o

B~ PUE Sl T 5 WGS-84 sk e -
pi = 3.1415926535898;
pigz ek A=(VA) 0 VA J BT R -

%J—';E'T—-li;j&"@}i n0= U/A3 (4 5)
52 Tk R n=n,+An (4.6)
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4.7)
8. d % “# AR ENAe 2 E
M, =E, —esinE, (4.8)
AR I B R s T RIE, o
9. 3 HE v :
v —tan V1-e’sin Ek/(l—ecosEk) _ant J1-€?sinE,
< (cosE, —e)/(1-ecosE,) | (cosE, —e)
(4.9)
1037 5 %8s 200 A28 &2 oo
fo=Vito (4.10)
L3 58 eBr 2l RFELEBE RN > pPEmaliigr £
I, o
ou, =C, cos2g, +C sin2g,
or, =C,cos2g, +Csin2g,
oi, =C,. cos2¢, +C, sin2¢, 4.11)
2.3 E3risenyRE LU > LT > gl o
U, =@, +du,
r. = A(l-ecosE, )+dr,
i =i di
I, =1, + i, +(dt)tk 4.12)
B3 g et FEBIENZE L0 o
X, =T, cosU,
Yy =T, sinu,
Qk :QO +<Q_Qe)'tk _Qe 'tOe
(4.13)
14, 2] 2 & 4% & § F(BECEF) » 35 & WGS-84 L 4F K siinfrh gk
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(Xk’yk’zk) °

X, =X cosQ, —; cosi, -sin{),
Y, =X, sinQ, + Y cosi, - cosQ,
T
f = DStk (4.14)

15, @R L i T I A AT i 0 10w v AT LA
47 41 ] = 4ik (LSE) % @ @& * % i £ = % (Tsui, 2004) -

REFHEBRAE

No e

MERIA EREME

i Yes

HEHMEEE
KRB HEZME

v

Bk
—— P RERAHE M ERR
R 2

LNO

REERAERER
MEFSEIR £

Bl 4-37 At @il iy
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S0 LA BT IED S AT AR ik 2 BRI

Il ﬂl;’i’f&"‘f_tfﬂmﬁ%t PR > FiEEk ] T3y 5"%?%'7—.&}?*?5@:
SBFL 0 BRI Y F TEE RleT A

A LR ABEEHRHLIZ FEDORERIEYR ¢ BRBLEHZ
k2 BEHA NG (XY, Z) fr(XLYLZY) 0 B 2 B enied ) 5
=06 = XY (v, — Y'Y + (2, -2 4.15)

Lty ke Beop i o AU Sk PR L 0 PR SREER DA &
BRI AN T A op e

R, =p, +c(dt, —dt) (4.16)

AR BB BREE (X,Y,2)2 i dt cd i e BARE S X
(3 2= A N m—,ﬂm%?ﬁﬁ% W eplplE o T - mtafd o B
5 f2 5N o Lot 2t rjtgjz,;f = f N —fu]?fﬁz;ﬁ—%;;j‘»\ﬁ; y e gfﬁ}@%# » o

*‘v??ﬁi?‘]f‘]if&f& Al g § TR B - ARLE LR 2N S
BivR FRfR T REH P Y EAR

LR g (X,Y,) B AR R X AL
b, =¢co,,
) e fr% ¥iM R 2 3 RNl
= =X+ (Y =y + (2, - 2) (4.17)

3. dedk e ABRRAR AT B (X, Y,,20)4R3T 0 RIF Hep) (X, Yo, Z) FHT R
B!Er‘ﬁ4ﬁfl—r ;lJ ‘5)31]":"1’?”,[0

P, o} o,

8Xp (X0-Yo-Z0) (Xp =X,) + ayp (X-Yo-Zo) (yp =Y,) + , (XYo-Z) (Zp ~Z,) (4.18)

Py =Pyt
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hi:% _ X, =X :xo—_xi
L KX (Y Y P (-2 P
i P, _ vy Yy
N lyyory =X+ (Y =y )V +(z, -2 P
hi—% Z,-17' :zo—zi

azp (Xo>Yo5Zo) \/(Xo - X )2 +(yo - yi )2 +(Zo -7 )2 Lo

Pl BREEH > 4258 ¥ 3T = ¢

(X, =%,)
i i i i i i (yp_yo)
R +c-dt' —p) =[h, h h 1] G -2)
c-dt

(4.19)

AP omEh=[h h h]&id e wB(X,Y2) 1 FidEs s ¥z

4, BRF HETn ik SEPIE > RIF MM BT L7 5

R+cdt' —py | [hh) b T][(X,=%)]
R, +c-dt’ - p; hy h> h 1{[(Y,—Y,)
: . . : (Zp_zo) Y

[Rp+cedt"—p; | |h{ hy h' 1] c-dt, | (4.20)

s
™
N. | <
g
s
" l‘gh
=
Sy
v‘q,
z‘d
ra
TS
=
)
\t{q
\LA
.\g Hv

ﬂi&"f ifwf«"f‘

A o Tg-lgT
p=[H H]"H'Db 421)

B P =X Ve zo cedt]T o PR 2 T ERA AP T T

% wrw ner o] 422)

&9



‘E%”'ﬁp#&ﬂil“ﬁ 2 B «—;Llf' o X BE (m>, [ I | S
PR (B Ee 2 i 8 ) iR B2 P B
[X £ X VotYe Zo+z, dt] 5B Al o pEaEL o F2 o ¥
AP R MRS S ERTE Y 2 FSEL R TG
Xo+ X Yot Ve Zo+Z, dt,]° ﬁ%ﬁiiﬁﬂ?gi/l‘*“ﬁﬁ@wL(ﬁ?
F o F RE2001) A RFE 0 PHEER T 107

—

(2) % WADGNSS B % £ 4 i 120 &2 B 83w &

GPS # 7 & z@arrz ;6 fe WADGNSS i i+ 8 kiE 3|13 & 2 5 »l-f A
FRERELI LB ?41\—"7\37“7’1"’51"%3%'3/’:\?"}?*IL?LE;°
B LT £ 3.5 & “T«L;%&“ WADGNSS 7 ié“iév\ T L
T RS WADGNSS i @ 2 4 % 1&#6 LB AMEL2Z MR E G g R
Sdico B 15 ¢ * WADGNSS & &8 £ A nug A 20 TRE B AR o

1. BZERHFEFLE B L RAL(PRN Mask assignments)

M Atype 18 i WAAS®Y 5t 412 & ek 5005 > % %uéﬂi v
(PRN Mask Number) k B~ % o & ek 5288 > A2 22 S 3te ¢ > %
2101 o~ & & fFh 55 13]210 » 4r % 4-3#751 » PRN slot 1~37 % 7+ GPS
2_{# % %% > PRN slots 38~61% ;7 GLONASSZ # % %nf o 4o% % 7 (#F
B BB g A 0 & on t_210f~‘~ AP R - B il ApE R
20 K B4-38HP Fh B m4s > AT E Y XX -3V 2L 2 FE o
Flpb A WAASY $30 48 FhE Bt 4 ' % 2 E i L T o ;’%’1}’* G
vRASIE fh 7 B~ % & & (WAAS MOPS, 2006) -

# 4- 3 PRN MASK Assignments

PRN Slot Assignment
1to37 |[GPS/GPS Reserved PRN
38to 61 |GLONASS Slot Number
62 to 119 |Future GNSS
120 to 138 |GEO/SBAS PRN
139 to 210 |Future GNSS/GEO/SBAS/Pseudolites
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Bit number 1 2 3 4 5 38 209 210
PRN Mask 0 1 0 1 0 1 01O
PRN Code PRN PRN GLONASS  PRN
Number 2 4 slot 1 Mask

Value
Mask

B 4- 38 PRN MASK £ i

2. Tpkig 2 4 (Fast Correction)

A type 2Xtype 5S¢ B FL m EIEHR L - § (Pseudo Range
Correction, PRC)¥2 i¢ * & 7 &3 4 0 < §¢ Fl4p t-(UDREI) » HiE A
RA R B DR BT B SRR L FI(UDRE)(FI & 4
2006) > #3-55 i * '%%’*F?—é‘r_ml N8 o3 JEER S 20 SO B W
F'&ljﬁ oL R B TR o U dtype 27 ¢ 77 5 - T5 L2

Fh2 Bty o itype 3¢ & g% e 3o+ "'Ef“‘f?&ifé}ﬂ
%‘LE; MWhitype 48 § % - L B L4 R 2 B0 L 0 Bl
ﬂéstmég%wiﬂﬁzi:a“wgm@Lﬂ&og%g@E

v

E 2R G

l

I:)Rcorrected (t) = IDRmeasured (t) + PRC(tOf ) + RRC(tof )X (t _tof ) (423)

PRoorrected (t) : '/' NL %é 2 }J} %E&E'Tﬂﬁ °
PRusrea (@) © #2 1 B A 2 2 5 REEYE -
PRC(t,) : WADGNSSE___ 200 B o
RRC(t,) © i #MOPS3* 12 i3 1 jedfrec 5 &
t CIRERR o
t, L REGEE

R oo i3 i pEHE s % 5 (Range Rate Correction, RRC)H_i& /2 %5 & 4

BE O &d g —gg;/; LT pEig B R T N

o

4@
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RRC(t ) corrected (t) PRprewous()

f

° At (4.24)
I:)Rn:orrected S L S L L

I:)Rprevious Dom - A '}i‘—‘i /2 I ;'E'_ °

A\ (tof _tof =previous) °

ty © PRTREBEEZER o

tof’prEVious Lo - Q:QPE%/ZJ}— :'E_'LH“?EF °

FI# SN423F L AEfE R 2 mERFER TR T o é_WADGNSSI}
TP TG B O EAE i % 5 (Range Rate Correction, RRC) >
%4 MOPS » # fie & 13 & 20 A type 7% & 2 ”PE% DI R &l &(fast
correction degradation factor)® 2t i type 10% % 2. % % ¥c(degradation
parameters) k 3+ & H i * R4t % 5 ( WAAS MOPS, 2006) -

3. Ricwpra £ a8 & 4 (mixed fast/long term satellite error
correction)z_ i #*

WAitype 24¢ 2w X g L wpEig o L (G dtype 21 ,itype

S)tpR > 8L H 106~ M-E £ a2 B i LApK 0 A fER L -

AFEHEL A EAL > B LRGN F T RER WAAS MOPS
(2006)

4. £ »3]i3 3 4 (long term satellite error correction)2 i #

v

=3B r L RIp e 2 @ 5 4 HR(velocity code) A & A AT e A
2 L RSE N F FEMOPS - ?Lﬁ@ﬂiwqﬁ #p
FOAMNBI L =R BT E(OX Sy B SI) ik B F (5K
SYE o) WA P& T & (08,8 08,)E izt 22 7 ¥ Adn [
() o FiE 00> ¢ 2 e BTk =B B0 & > 7L PFaais
I £ ( WAAS MOPS, 2006) -
@1%&%@9%%;
SERE S SEN ST

\

DAL ,atype25%§%5m%;3:§'] L N RN 5 S s N N N ) S -0
H 7%
)X

\rmv?
\\_
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Oy, (t,) = 0ay, +0a, (t —t))+0a;g, (4.25)

@ 5 4 1% 9702 2 ¢

N, (L) =0a;, +5a, (4.26)

N, (L) © PR AL B & £ (clock time error estimate)

by, ¢ PERAT HFL B T £ (clock offset error
correction) °

ba;, I FRVEMIEL G L
correction) °

a,q, © - GLONASSH#7E # 2 i3 I i f

DRI TR L

t, 0 7R 2 AALPER o

% (clock drift error

OX, OX | | OX
SY, | =] Sy [+] Y |(t —t,)
0z, 01z o1

4.27)
@5 g R8T 0 2 2
OoX | | OX
5yk =| oy
on ] Loz (4.28)
S% s Sy~ 0% hiEE B LB E -

5x~5y~5z WAAS % w2 =% 2 &
OX ~ 8y ~ 02 : WAAS % v 2. i & %
t P pER o

FOREF 2 AR o
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5. R 3k 3 4 (ionospheric correction)2. ¢ #*

i dtype 182 2 3 Ltype 267 ¢ 7 T AEA 2 2 A 0 Hw
IS Al N n}::}%MOPS YoBl4-3947T 0 BT T HE S S L - BE
oo %4 %EF R %’\&P—r’“}%]“‘ BB L R FRZ IR LR
I E-RETR-R2Z)DRAODERZIARPLE FA NN LR
- RZRH T4 T A Jfé,‘.il\_h,.:ﬁ;%i(vkr’i\, 4-4) o t i3 It 20 A type 187 %
%E?@ﬁ@i?y%ﬁ%@i’ﬂimR%ﬂ%ﬁﬂiﬂFR@@@
i ¥ 2 THAE L 1‘%“—%37"—%;3‘% H(GIVED & T 3k 1213 & 18 A ARTE
"%@%ﬂwﬁ3®wé¥ FARDAER D R F2 DA ST
B(PP) L 117 2t "r*f 47 i3 S (LOS) > 395 MOPS % #i. &
DiEh B K AT A T DB BR T A B R ST £ 350km
o BlEk g FIeTgA 7 HgamB e =8 7 & B - Bl4-40477 >
HRah 7 flghg ant 8258 5 (WAAS MOPS, 2006) :

¢pp =gin”’ (sin P, cosy ,, +¢cos @, s,inl//pp CcoS A)radianS (4.29)
Gp © T TIBNR 2 F -
/. z%’*im FTRITE o
A: fﬁ&ffﬁﬁ’f & * -‘ﬁm" & o
W BB R Y HET (B2 B 3 chd & BB
Ao

T
_ 7 _E_sin™ cosE
WPP 2 (Re + h| jradians (4 30)

E C R ApEIt R Y K ehivd
R, @ ¥ 7k L /76378.1363km -
h

DR MR WA hF B S 350km fig o

siny,, sin A]
Ccos
¢pp radians

pr =4, +sin{
(4.31)

A% R R R

pp

A tirHagREE
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w180 W00

239429~ 25384300 2384317 H ?f_*‘}%,"i EUGNE FooT o

HEs|-

NT5|.

LIEH

H55|e = =

NS0

550 | = =

533

SB35 |«

575 |

585

Bl 4-39 27T AE 2 F AR

Pierce
Point

To Satellite

lonosphere JSer w h,

RC
Earth
Center
Earth
Ellipsoid

Bl 4-40 THK S TG L W
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£ 4-4 THE BN E

Bits in Mask
Band 0
180W  |75S,65S,55S,508S,458S,---,45N,50N,55N,65N,75N,85N 1 to 28
175W  |55S,508,45S,---,45N,50N,55N 29 to 51
170W  |75S,65S,55S,508S,458S,---,45N,50N,55N,65N, 75N 52 t0 78
165W  |55S,50S,45S,--,45N,50N,55N 79 to 101
160W  |75S,65S,55S,508S,458S,:--,45N,50N,55N,65N, 75N 102 to 128
155W  |55S,508,45S,--,45N,50N,55N 129 to 151
150W  |75S,65S,55S,508S,458S,---,45N,50N,55N,65N, 75N 152 to 178
145W  |55S,50S,45S,---,45N,50N,55N 179 to 201
Band 4
20W 75S,65S,55S,508.,458S, -+ -, 45N,50N,55N,65N, 75N 1 to 27
15W 558,508,458, --+,45N,50N,55N 28 t0 50
10W 75S,65S,55S,508.458S, -+ -, 45N,50N,55N,65N, 75N 51 to 77
SW 558,508,458, ---,45N,50N,55N 78 to 100
oW 75S,658S,55S,508,458S, -+ -, 45N,50N,55N,65N,75N,85N 101 to 128
SE 555,508,458, -+ ,45N,50N,55N 129 to 151
10E 75S,65S,55S,508,458S, -+ -, 45N,50N,55N,65N,75N 152 to 178
15E 555,508,458, -+ ,45N,50N,55N 179 to 201
Band 8
20W 75S,65S,55S,508,458, -+ -, 45N,50N,55N,65N, 75N 1to 27
15W 558,508,458, -+ ,45N,50N,55N 28 to 50
10W 75S,65S,55S,508,458S, -+ -, 45N,50N,55N,65N, 75N 51 to 77
SW 558,508,458, -+ ,45N,50N,55N 78 to 100
oW 75S,65S,55S,508,458S, -+ -, 45N,50N,55N,65N, 75N 101 to 127
SE 558,508,458, -+ ,45N,50N,55N 128 to 150
10E 75S,65S,55S,508,458S, -+ -, 45N,50N,55N,65N, 75N 151 to 177
15E 555,508,458, -+ ,45N,50N,55N 178 to 200

THA T S T AL 2 M e 441 foA-42 > 3 E S X L
* DA G OPIELE B T A RREE T B ERA R T A TR £
PR o - LT PIB DA ST BRI E S N S ke Ak
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PHOT R TREA RS F A o440 B D4R T 1B £ w il
ﬁ&?z\ 0384320
4
Tupp (¢pp »Apo ) - Z\Nu (Xops Yop )20
= (4.32)
Ao,

W =XYoo WZ:(I_pr)ypp , =(1- pr)(1 ypp) , =X (1= ypp)

TVpp(¢pp’/1pp) ) “’Tg}ﬁ'% Pl 23 B F -
rot RHA BRI S BE .

¢27
: User’s IPP
A’lpp = ’1pp —A / Typp (¢pp +Aop )
T T e
A¢pp = ¢pp ¢1
¢1 - : —>
z-V3‘ ‘Tv4
4 4

W 4-41 # % X5 Dl TR B &S0 H G

?g%ﬁ FORIBEe T AR FLEE S o F o Bl 442 B T Ak 7 gk
2L BRSO 4330

3
2 (¢pp ”q‘pp ) = ;VVI (pr > Yoo )i 433)
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He

W ypp —1 X ypp ’W3:X

pp

Tupp (¢pp’ﬂpp) -7 ﬂﬂ“hm%éﬁé} i 2
T - AR REELE FE o

z-vl
¢27
Use(r's IPP)
Tupp ¢pp’/1pp
Adpy = A =
— e
4 —
z-v2 ‘ ‘ Ty
4 A

B 4-42 @ % TR DA B = A BFH G

N

EF g b85S Birs w85 R

A/lpp _ ﬂpp _11

X
LA A4

1

Yoy = A¢pp _ ¢pp N4

¢2 _¢1 ¢2 _¢1 (434)

ARG BT A B R
A F B EOT R RBDLR
G F e B R B R o
b T TIgEA T Y B ER

EE B AMFRS A e 85 A2 ¢t
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T (ﬂ'pp J ¢pp )=-— Tuop Mpp ’ ¢pp ) (4.36)

%”ﬂiﬁﬁﬂﬂéiﬁﬁp%”*ﬁﬁéﬁﬁéiWW
lonospheric Range Error, UIRE) > # & * 4 2. & Tg}g.é] B Es MR
fﬂ—q\‘ L £ ‘f\—" i # ’ﬂz AR R 2 %?EEE'#E‘-#E

6. % %4p¥it & (degradation factor)2 i *

?rtype 26 ¥ i%féi@ﬁ AL AL - fé}i
BEEE TG AL F R
B2 fEARRE- H A EE

% WADGNSS BB L A 2 42 2 ik inde

tHEEPAER Y ZAB LIS I L H
Sl e A Ao R P RS LA BD LRI b - ] 443
& * WADGNSS A 3 £ A i3 I 30 & 2 % ynde » hinfers— #7435
F R ﬁ':p’}fr%i*i/n\ﬂ} =) BB e
P E T T 1347 GNSS e B ST EP LR 5 R AR
FEETH FERARBEFTHAEFRYRE AL B
W

t‘;“ h—l
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A v
K
RRE A5 ERE i?gggﬁﬂ
AT :
R RIBE N RAL F BGNSS# 4
EREIARE R T'T S -
U AT
BERLHE % 745 % #
v |
v v
AT A RH
BERLHE HERAE HERRE
I
¢ ] *
[
[
i
EHMEERE AR E ‘- —————-
BT E 2

B 4-43 % * WADGNSS B & £ 4 i3 I 1 4 T_i= 4%

B 4-43 inA2 B¢ > TFE S MH 2wt B iEARAC B 4-44 0 B 4-44 G
g * WADGNSS & 3 £ &2 i3 F 3 42 i3 & A > 0T 3P i3 & Jn AR o
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o BOAtg, » B A ET
EL EE‘*: f_ ﬁ‘; Atsv corrected

Atsv,corrected = Atg, + 6Atsv (4.37)

R Bz Hu AL E Too@ kL 31 AL REFEPFEF

REAL mIFIERZ T ER L 5d Hk Bt 2 - THRAB L ELTE
B R4 aH o B SR B R AR I LT R B LA T
s o Hn kB R 23 Ad.2.4, WAAS MOPS, 2006 > o 3% -4
VEHTABLIE cKARAS RBRIERB I T EFE FEFLIH R
BRI T » P @B RS RIS > SE PR T FOEI R 2B
}i%«}iﬁﬁ%ﬁl I:)Ri,corrected °

D

g rE ’JPE' L2 13 0 {8 REEEE PR corrected & S5 & PR 30 L3 1 2

EimE o MAiEs ] T (Welghted Least Squares WLS) - & * H eh

fiﬁé?f%’““ﬁﬂ’“fﬂw M“f% R kY o EEAEL W S NN &
P {F’

W1 0 0
W = 0 Mfz ,where w; = 1/0?
0 0 - wy (4.38)

FEEWZ H i 255 BVAARFLE @B &2 flic %8 #d

TR

2 _ 2 2 2
0; = 0isit T O{yiRE t Tiair T i tropo (439)

Ofq b TS E 2] B 1 3L A AR % B Bk (J2.2, WAAS MOPS, 2006)
OPymme & T LA uf B3R L % B ¥k (J2.3, WAAS MOPS, 2006)

Ofair » 1 T #0835 £ % £ % (J2.4, WAAS MOPS, 2006)

101



Oliropo & ¥im k5 34 % £ #c (J2.5, WAAS MOPS, 2006)
LB %R E VT 4% WAAS MOPS, 2006 48 4 2. & & o

"EI’:

*Q*?E“Lﬂi*ﬁ’@‘iﬁ"i DT LA B R LB R B A 2 AR R o 1Y

sef & | 3 2 (Weighted Least Squares, WLS) 18 i * ¥ 2 i~ % 354 v7 pF
A

5. = [HTWH]THTWb
Bwls [ ] 1% (4.40)

S rEET Lk 2 H e ﬁ%fﬁﬁii&“i’b_éﬁiﬁ'li%“i ’

o

S
ETY

W I
[
\%‘\ﬁ el
B

%ﬁwls = [xa Ya “Za C'dta]T » M 3:@;"; [hadly: Rt [xO Yo ZO]
RIS EL Ry PR

[X0+Xa Yo +ya ZO+Za dta]T (441)
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EHAGING [ B EEBHT

SECONDS
TO METERS

U t

N
—l
.\?
e
=i
DE
N
5
o
A
2

Gi Jtropo

Tr o, POSITION
De7— :

3 THEBLIASL |«

PRC;(t )+

RRC i (ti,of )X
|

@427 BEGENL [— Ly

Oi it

+
ﬁ/ﬂi%/'%{b Pn -I_APR i, corrected o /T f]ﬂﬁﬁd“?f/i‘
gas [0 W 0 #* gy >POSITION
i,air i 2D tsv
[
EYOFT S
POSITION
tSV

B 4-44 & * WADGNSS B 3 £ & i

N

s 24 N e
IR RO AR o
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(3) ® * DGNSS £ A 8 1 2 4 2 B 8L % =i &

AR B Ed R AaT aMT RIFL R £ ( Radio Technical
Commission for Maritime Services, RTCM ) #1 %_3& 2. SC-104 id 3 +% 7_o b
LT AETBEZ A AL RS G - R Hl o FE AR
B ERERETERE ‘(RDB)?i%—g/,,\@ﬁ%m,é,\@iifii%’**75’1%’3*75‘
BPEFREFEEE2 B0 o B2 o LFA4eT

1. % = #573] © A=k %83 42 (GPS Reference Station Parameters)
2. %7 #4 ¢ k¥ T 4(GPS Constellation Health)

3. %= #74] ¢ 7 1=(GPS Null Frame)

4. % = 33 ¢ 5L % T (DGNSS Radiobeacon Almanac)
5. %4 %7 : £ 4 18 & (GPS Partial Correction Set)

6. %L = #gA ¢ #2234 (GPS Special Message)

1T P RTCM SC-104 FzH 8 » F B %4 A L2 3 1
SRR RSP Ry LA I L2 FE e

1. RTCM SC-104 F {242 3t

RTCM SC-104 z. F#itzes 7 % & d
2w = % FH L e (header) *
Bl B % - gizis2 NB2 3058
Bl 4-45 % RTCM SC-104 #g =12 5% -

—
|

LA S é%ﬁ‘f@ﬁ‘?
WA o N 2 3P P EFIETE

=%
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B—F

P BRI gL &)z 5

fir7t 1 g8 9 14 15 24 25

30
BT
ENVATE R | BRHERE (ReoRkes|  FHS
1 1314 1617 2122 2425 30
B 4- 45 RTCM SC-104 #f =44 5%

Bied - B3l F 2 AR - B FP 2w AmAG
B < (preamble) * 12 % % RTCM SC-104 3 4 7= o B2 2 N 7
5270110011070 FRLAIF 9 Wi 2 A A 0 * L& T 2°=64 AT i

L"F’]‘t;}l—ﬂll VS v‘v’T jQ—L f%vrz_,?* 1l T\'TI“E!_\:&'-LIL‘%EL,,E fﬁn%ﬁ;'}ﬂf fé s %A\?%tb
':F‘:R‘li"»j\/}/%, ﬁxwﬂj - 2 e TR f#;@%"é/?q% °

BFlEz 5 -2 Fzwmtz At Z3 o3 SRl
YR c B2 2 A BRI LTI B 7Y UETEER
ﬁ°$*‘i:—i£i1aiiiﬁffﬁ B N> &l | sfe— 21 4

B 4-46 % 4 53— LA BERLFTHIERSTHERFELFF LT B
1. +* &) ¥]3 (Scale Factor)

2. i * —‘F'T & pEHEE X (User Differential Range Error, UDRE)
FE St
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5.(Issue of Data, IOD)

- AR BTFFFE DS R RERIERS B F R 5 0.02;
BERESE v 2 ki 5] 0.002 0 F | F]F i E 1 PlmERIERES T £
FRO B 032 BRI FF kot 5] 0.032 -

FLANLEAABI AL S HEHFEE S - AANLTRENSB D
Z3 Wby PR (78 F 2 hEIES S & 8 PRC(t) % RS i % RRC - i¢
*ET G ETPER t 2 R SRR PRM(D)4e T

PR(t) = PRM(t) + PRC(t) (4.42)

PRC(t) = PRC(to)+RRC*(t-to) (4.43)
33T (2 m#EEYE PR(T) ©
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fizye

—— - . 3,8, 13
s [uoRe| R RS TR Lk
1 2 34 8 9 24 25 30
. . . 4,9, 14
st Y e IOD S[UDRE| #E4S: [Efr R
1 8 9 16171819 20 24 25 30
= 2 e |85,10,15
e SR T B (1o Ao (R
1 1617 24 25 30
10D S[UDRE| BEES |REEBETRGR  FAE %%111’?16
1 8 9101112 1617 24 25 30
EEERETERoE MR o A [
1 89 1617 24 25 30
EN+2LF
B Lok 10D HAH4 FREE | s
1,4, 75010
1 89 16 17 24 25 30
EN+2LF
10D A B4 FAE | EAEE
2,5, 8811
1 89 24 25 30
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2. #* DGNSS £ 4 3 23 42 T iFEinfE

PP AR 2 AABEIALERNFE G ohi L § ST
Ko * L A3 L 2@y o Bl 447 2@ * DGNSS £ 4~ i3 it
L2 TR AR o AGRAR N - T A 4R 2474 Beacon fiie 7P {!
ZEABEALTR BRSLIELE A LN EFFEL 3
GNSS #ie B 71T 4 F2 Pk BRI L A7% 3 B ETH - 50

ERHperRr LAB AL LRy

v v

i

3K
ExBEERE iﬁﬁfiﬁf
AT 3
72 31 Beacon# 4 | wmeNsSBE |
714 B % 714 %0
Y 3% B Beaconid 4 w
#7% EH % 538 &M
| |
v v
FRHT R4F &
CRIE - MERMNE #MEER
I
I
v ] \
|
E M5 ERE A HE «
BATHT R 2R
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mmmmﬁﬂﬂ’iiﬁﬁiﬂﬂﬁﬁﬁ—%@¢%%ﬁ’%ﬁ%?
DGNSS Z A 20 4,2 i3 % jnf% » TR BT jnfR o

d GNSS f#Fh T ja e B0 Rbsm #BREES S i Fmh B 7 8
AR N GFE R B A FEFL - AOTRTIIZ A A B L Y B
AABr B A B B E N 443 2B ﬂpmmw?éf

NS B BiE (S mEREE o 4ot 442 0 B S LiBT 1S
Li%ﬁ%ﬁﬁiﬁﬁ’Nﬁii*%kw%?ﬁmcgﬁéwﬁﬁﬁ#

5% 2B B BT 2 B
E5t&EE R4 EALE

D

& IE

>—g§t\

)z 35k BB

#

]
<

B ik

B 4-48 & * DGNSS £ 4 i3 &2t 4,13 & /nfg
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§4-4 FEA T A AFiTT 4

B X%
(- ) #_= ~ i (Positioning Unit) *

FEARfCBINL  FRRRE FEEEFET

R F o Ao

L™ dr URJL® 2+ 4258 BB 5| (FPGA)2 32 (7 )14 b L
BojeAME 5 B Y@ TE 2 GNSS ek Rinjbijciie s AuL
ig&@{—?ﬁ‘f}ii*ﬁ-ﬁﬁ_i o

2. 2 % WADGNSS % DGNSS £ A i$ I 2U 4 {845 7 ic » #2257 (72
AR BF LA TLEY o

3-?533/1’\ifi@'ﬁ*v?ﬁ'i%;\l@ﬁl_ﬁjﬁ%@ (42 R fR o

"“}‘s

R SUE

(= ) &J2 = i+ (Process Unit)

TV ARG ﬂ“i’ﬁé‘»;\ Tk Vuifﬁflfli“; 2 7 {2 ~GNSS #E% T_i*
BITRE IMEAA BT MR e 2 2 @@ T B WRE
Z 35 R AT
1.624 MHz (3 )+ 2. 7 & g2 B(CPU) o
128 MB (7)1 F s e Rt o
AGB(Z)M s ie it o
. WinCE ”rvpi‘wfd—# ¢ 5L o
CEAI A R AN T & 45 WINCE 2 WINDOWS XP 2+ 3K A o
L% §F7 2 RS232 ﬁ IRCE: S A PRt O~ 2SR R RS 'S
,g * o
7. i:};%NTRIP PR AT VR EE » A ¢ w e-GPS T pEH
SR iEZ #F F A R RS o
8. AL E AT&T 454 » A - £ PCiHa -

Q\m-bww

AL F_1

(= )& 7 ~ ¢ (Display Unit) :

Z ¥ B f%’#ﬁ‘z%ﬁgb—\ T Sk IFT AP L AR FiTRE o H
FREHFZ 7 fg 40T o
1.7+(%) ™+ VGA % % & 7 B(TFT-LCD) -
2.VEoT B 2L BT AT KRIRE A o
£ % Radio Beacon % 3! ic > ¥ &0 P we i ¥ HEiE ~ & & R

e
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o~ Bl s 2 FARAEF o
4.7 & FMRDS-TMC © % ¢f~&pgil~app 32 2
5.7 &+ 4 % % GSM/GPRS » EDGE(3G)%2 WCDMA(3.5G)% &

<k

g
e
-’Zr%:‘
TR

o )
I
o

JE
FEAIR Y K AR LN AT T FEAEA > HAHAR
R 7 AeT
lLEFIr Ao F2 4 B(7) PR ast vd @t iﬁé’éﬁ%\if_ﬁ
B e

2. E % ¥ 4% WADGNSS 2 i+ & kR T80 B3 S8 0 T4
E S ? Radio Beacon~34 #2 FM RDS-TMC % 42 3 # 4k it fi e
KRk LERE B 4 o

3.9 d AHEL TP 2T EAFE -’E—'I*E%E\‘?ﬁ—"

4. Vg kR E A g dr i R o

15 % b3 GNSS &zt v » X7 MRl R o & * X SR o
2%%@ﬁﬁ%ﬁn’v%y—&ﬁﬁﬁﬁﬁéf*éﬁéﬁo
3R A R RN | R R FREESF0SW(F)L o
4ﬁP%%WLﬁ’v FHEN- g RAL R PR o
5 %K1 %2(7)10 ﬂtlf_g%%fu@l»n/ﬁ%] ~EE o

6. FH2w(F) L HERATIH S BB A6 7 & PCHNF -
7.8 1 m(3)0 ) USB @ 7 T RIFTIRA FER 2

X

8. # i 1 %(%)F USBHost * £ H %% o
1 iE5 B
e h g IET 2 peani FFEGNSSHFE T i jafiie s S 47

/ﬂ]‘

N @Hﬁ%ﬂzmﬁ s LEFIRNE ERE (T X A AT
E G oW 3P T 82 GNSS kBt LR E S A Y %ﬁ“
ARG FBE o I E B BN R A B A6
GNSS f#Fh 28 ST 4 A B B3 > © % USER K LM A8 2

)

8‘

ﬁ"t
w7
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Mecd 2 A o

12 ;}7* TRYE G 2 L*ﬁ,%-— B~ iz =z NIp T 0 (R jﬁo—&rz\4 5 ’
7 R4 2 4 #&rﬂ4-49“r*r~ > GNSSfiFh T i fiile p &30 % F gl g g iz,
Sk T 4 o4z k p GPS L1~-GLONASS G1# Galileo E1= B4 £ ei2 %%*L,
f‘uﬁ% TRE2 s RN TR ERIE  FEDEETA e
A IARMITEJIZ B 2 P 4% 0 A B3] 4c & B > 12 iF {7 WindowsCES6. 0«1,1
Wﬁﬁ%}ﬁw Mrﬁéiiﬁﬁligwﬁd+%,iﬂﬁ@igﬁ@
Fo o & K& * FPGAXH \/* WS LIRS A S SRR
RN R )% R ii\? T PR REEE LA R TR
RN TS RN Rt 5 KGR X %‘ ﬁﬁwﬁ.“*%ﬁﬁﬂlg;ﬁgé’
£

N

dNE SRR F AN R AT LG 5 R FPGA » 5 L
TR 2 o

FedT 7 it RG] AR 5 B EGONSSHFE e B EhE ok s THBE
PAZEFERE  VHEFIRELLS B L AR e T3l
FNRILEPN AICRIE B L E R od RILA B W R i
AR GEEAWAG AR E R F ok T 0 HONSSHFE TLizHe
SMERAAB I AR R EE T AR TERHEL > TRk L
ek AR S G BB A RS RS f R
FEFERE aﬁ%ﬁ&%&é%?%ﬁ%\%%ﬁmﬁ%Tﬁ”ﬁ%ﬁ°
EH 2 e b BRI~ 2 (DR Uni) 2RI IEE - 2 ~ 2850 § B d bl
,um'r T B SR A A A RG] E BB kR R e
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BoXRMASKBIETL £

ABE A @ T

Interface Unit
Touch Screen

:

HEAA & ot Ty
o ¥ —
TIRMN Pﬁ& mé*.t LCD I/F Ha o U
o g +—» HIOCES VNIl e Display Unit
: //\ LR TFT-LCD
m % Al 1=1A L/
Memo
Y[ EALEE
FMRDS-TMC ~ A% JH| - positioning
SABR E 15 B Algorithm
> 5),%?&4&7} % WADGNSS GNSS## 2 &4
—  Radio Beacon JART Correction USB [ Hdsa
Y . ™| Donss ||« GPSLI
B ZRERUR Correction GLONASS G1
Galileo E1
Bl 4-49 B & 50 il S (R 4 ARl R % 1
%\ 4-5 f—g g \ "if , "fu;}ﬁ BN % P\ )'é' ;E B 2 %5
L 1* # i
GNSS f#F% i fofic | £ cGNSSHUEL ~ 6y ) T A fr it s pLinl £ &
k1= 5 i
EJR A 4 Fdl? SRR L 2 EFE
PR L s BRE - EEIRL A T
fPEe i~ #iﬂif%%iﬁﬂiﬁf%ﬁ»
Bpom i Rm g L e ek
R g~ T ‘—/)Er%[».lfi’um.;* oy
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Bl 4-50 5 FFa Nl h Sk (FT 4 bR ¢ 2 7 e AL R B
F LED_a.u—‘léq*i T;J:Q.{Egou’f/‘”’ﬁgi“\”"w R 2R

71...]:‘.‘0

Bl 4-50 &% wix kMl v & bR

® GNSS ik T_i»&girse
Trimble BD970 GNSS#&jzficie o H R4 40T
L R220 B4 v Fz B ﬁ%l 11 GPS ~ GLONASS % Galileo%* 3§87 I &
42 L1 GLE BUR S 2 RAs @ s s ol dn mpipl Fop - = 5] 5 0 2
Je e v F RO R AR o
—GPS ¢ Simultaneous L1 C/A, L2E, L2C, L5
— GLONASS : Simultaneous L1 C/A, L1 P, L2 C/A (GLONASS M

Only), L2 P
— SBAS ' Simultaneous L1 C/A, L5
— GIOVE-A : Simultaneous L1 BOC, ESA, E5SB, ESAItBOCI
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— GIOVE-B : Simultaneous L1 CBOC, E5A, E5B, ESAItBOC1
3 ¢ L2E 5 Trimble i 2 L2P30 552 if Bzt BLFL 58 o

2. B % SBAS % #h s 5 sdRdear 4 o

W

8.

\r.m.m.h

VE i IGNSS i 4 LiR] B fC ik A0 BRI B 2 BREESLELR|E

o

E»
Pty

El

R 46 & E 412 F L (navigation message) ©
%2 k(7)1 RS-232 A 71 O/~ # i 2 12 USB@ #j 3
EZHPMNERE TR RS

E‘l

. % &% 12 LAN Ethernet port :

— & #:3 # 3 10BaseT/100BaseT 4 i,
—5r% i BB H - [P 7 9 = web GUIA & fe T ALin2 75

—Network Protocols &t #2 & FZHTTP (web GUI) ~ FTP Server (when data
logging is — enabled) ~ FTP Push (when data logging is enabled) ~ NTP
Server2 NMEA... %

ATR B A4 £ 4-6%751 » fTracking & NavigationfF % -158dB » 4
B sl & 5-150dBA BERF X 5 T f) « BT 57 Bl4-51477 o

% 4- 6 Trimble BD970 #7 g B % #k

Parameter Specification
o Tracking & Navigation -158dBm
Sensitivity
Cold Start (Autonomous) -150dBm
Note - When securing the cable, start at the antenna and work towards the BD970
receiver.

When the cable is secured, coil any slack. Secure the coil with a tie-wrap and tuck itin
a safe place.

Tracking -158 dB
Acquisition -152 dB
Reacquisition  -152 dB
Cold starts -150dB

Bl 4- 51 Trimble BD970 24 2 2_ a7t & % #c
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b
T

AEEE N ITT 4 R = vd VGA JPALF R 5o B om F 4o B] 4-52 4771 0 4F
N T 21 515 %‘ a4 'Fg \jr# gL :?;_.Vﬁﬁﬂl;} /&BB%P‘

n

\‘ @
I
| \-1'\
& =
e
o W

Bl 4-527 = VGA ﬁ%li;“ * op BT %

O L JZ A A APEL g it

AR ET L ASE A B AL 4G R e ] 4-53
ERR N NS N

1. fm aﬁﬁwAmmlﬁﬁiﬂiaﬁ%’ﬁfwé6mMm

2. ¢hmzz it SDRAM claft > T4 + 3 2 % 64MB 2. Mobile
DDR SDRAM - 43+ % 128MB SDRAM s/ %8 o

3. % * SLC NAND Flash 128MByte iz {f%8 > &R T% % O AR

4. LCD /& @ k3T 2 Aed 5 800x480/7.0 # vt TFT i & ¥ ¥ » *if4r
4 RT I o

5. A m ¢ — B 12 RJ-45 5 4 & 2. 10/100M Ethernet 38 4 &

6. USB /i & :~ i USBHOST(USB 1.1 4 )/ & » % 4% 2 i# (12Mbps)
# 43¢ (1.5Mbps) @ #5 ~ - & USB HS OTG (USB 2.0 *4#) 46 -
&%Lﬁ%m&msﬁ@ﬁo
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7. B S| (UART) A & : = B= 448 5)3 > H o — 3 % 2 GNSS 7k
T e T AL Y o

8. Hxcfim tE* ACOT enfim & & = %5 ﬁ%] TR L o
FEE-

9. GPIO /i G @ 7 B PH e hINmF * o

LED Button
1 l 1
SLC
SDRAM .
NA!I\IZIZ; I;Jlash 128 MB AC97 Audio/TS GPIO

' ' = :

RTC
Ethernet - MicroSD
l 1 1 1
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45-3 gk gang

Tables showing the minimum maritime user requirements for

System level parameters Service level parameters
Accuracy Integrity Availability | Continuity | Coverage
Honzontal | Vertical' | Alertlimit | Timeto | Integritynsk | % per30 | %oover3
(metres) (metres) (metres) alamr (per 3 hours) days hours
(seconds)
Operations Relative accuracy
+  tugs and pushers 1 25 10 10° 08 09,97 Local
*  icebreakers 1 25 10 10° 8 00.97 Local
*  automatic collision 10 2 10 10* 08 09.97 Global
avoidance
Absolute accuracy
¢ track control 10 N/A 25 10 10° 2038 00,07 Global
+  automatic docking 0.1 025 10 10° %38 99.97 Local
Traffic management’ Absolute accuracy
*  ship-to-ship 10 25 10 10° %38 99,97 Global
co-ordination
o ship-to-shore 10 2 10 10° %8 00,07 Regional
co-ordination
¢ shore-to-ship traffic 10 5 10 107 %38 99.97 Regional
management

144



AEIEF U WA K2 dp2 B v P2 E ATy o gt aniE i
-k T B X 4R U (Horizontal Alert Limit, HAL)K €5 25 &% o A B B £ & 2 i
G2 WERILF R R AP RY B RE Y k2 < P e-GPS Fh
BBAASEGRRY F od ARG AFERFRG RO A ER Y
X2 & ok -

Bl 5-18 F|@ 5-29 5 @ % <~ fxk2 £/ H7T B R F .T"\’—"L'r% dven

Stanford Chart - o 2% B ¥ 12 1§ &+ > 4»\5] 5-18 J?] 529 X3 Ee - fyenE i
%%z%%#%w%%&%w’a& P mmﬁﬁ%*%@ﬁﬁ’

L ie
(w%;ﬂm 247 5 "”:itm)° :?f'_ 2T i%wigumawjﬁ
éymi'”ﬁ**ﬁﬁ"“kpx}‘ﬁﬂi * m"x;f\‘;?ifg; grgz b Ao
E{f’ e #:ZHJ\J REIELNE KR o % N R e BT
i EpF o gk qu*%‘«gﬁﬁjﬁaﬁi—fﬁ?ﬁ;{ f»}:}_éﬂ? » ke FTes 3w
ERESg JZQI%’%?\,; Lk B R R (T o
d A& 5497 0 A PG b B R AR TL 91.99%(1.75 BRE X))
"7”:,* g 09.933% crpEr I iE * j\ﬁfﬂ’;?i}%iﬁjg_é,\ Timig o BissH
Llipﬁ—i\’ YL K25 & R ark T E AR o

|~ <

52

2

St

[ . TR

A

-k
¢

~2o

145



Marine Horizontal Performance @DAWU (61509 epochs)
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Marine Horizontal Performance @DAWU (61509 epochs)
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Marine Herlzental Performance @DAWU (61 509 epeche)
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Marine Horlzontal Performance @JNSA (61 930 epeche)
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Marine Horizontal Performance @JNSA (61930 epochs)
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Marine Horizontal Performance @JNSA (61930 epochs)
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(=5 |

TOW: 273969
latitude:  2438.785535413 N

longitude: 12046 44434227 E
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Satellites: &
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Engineering and Construction (E&C)

Fourth quarter 2009 E&C revenue was $154.3 million, up approximately 8 percent as compared to the fourth
quarter of 2008, largely due to stronger sales of both survey instruments and machine control products.

E&C revenue for the full year 2009 was{ 55786 million| down approximately 22 percent as compared to 2009
due to recessionary conditions, concentrated in the U.S. and Europe.

Operating income in E&C for the fourth quarter 2009 was $15.5 miillion, or 10.0 percent of revenue, as
compared to $2.3 million, or 1.6 percent of revenue, in the fourth quarter of 2008. Non-GAAP operating
income was $17.5 million, or 11.3 percent of revenue, as compared to $3.9 million, or 2.7 percent of
revenue, in the fourth quarter of 2008. The improvement in non-GAAP operating margin was primarily due to
year-over-year cost reductions as a result of restructuring in the segment, as well as increased revenue

Operating income in E&C for the full year 2009 was 558.3 million, or 10.1 percent of revenue, as compared
to $126.0 million, or 17.0 percent of revenue, in 2008. Non-GAAP operating income was $64.6 million, or
11.2 percent of revenue, as compared to $130.7 million, or 17.6 percent of revenue, in 2008. The decline in
non-GAAP operating margin was primarily due to lower revenue

Field Solutions

Fourth quarter 2009 Field Solutions revenue was $57.2 million, down approximately 2 percent as compared
tn the fourth quarter of 2008

Field Solutions full year 2009 revenue was down approximately 3 percent as compared to
2008

Operating income in Field Solutions for the fourth quarter 2009 was $15.9 million, or 27.8 percent of revenue
as compared to $17.5 million, or 30.1 percent of revenue, in the fourth quarter of 2008. Non-GAAP operating
income was $16.2 million, or 28.3 percent of revenue, as compared to $17.7 million, or 30.5 percent of
revenue, in the fourth quarter of 2008. The decrease in non-GAAP operating margin was due to slightly lowe
revenue.

Operating income in Field Solutions for the full year 2009 was $104.5 million, or 35.8 percent of revenue, as
compared to $109.5 million, or 36.4 percent of revenue, in 2008. Non-GAAP operating income was 5105.6
million, or 36.2 percent of revenue, as compared to $110.3 million, or 36.7 percent of revenue, in 2008.
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