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Preface

Global Positioning System( GPS) technology has been widely used in many fields. The observation
results using GPS are the coordinates or coordinate differences in World Geodetic System (WGS-84) ,
but in practical use the coordinates in national coordinate system or in local independent coordinate
system are required. The high precision result can be obtained only by the geodetic coordinate transfor-
mation and adjustment of GPS network. Therefore, the geodetic coordinate transformation and adjust-
ment of GPS network is very iniportant in the applications of GPS.

To meet the needs of using GPS in various practices, we have widespreadly and deeply discussed
and studied the mathematical models of the adjustment of GPS network as well as other pertinent prob-
lems, including the models of coordinate transformation in local independent coordinate system and
geocentric coordinate system which is usually used in our country, the algorithm of automatically
searching the closed-loop in GPS network, etc. We have also developed the software package called
“TGPPS”, which is welcomed by numerous surveyors and supported by many surveying units.

At first the software package “TGPPS” is developed mainly using Fortran language and executed
under DOS envjronment. It has several functions such as collecting GPS data, coordinate transforma-
tion, calculating the closure of closed-loop, adjustment of GPS network, drawing the network and error
ellipse, etc, and the automaticity is very high. Later, the Chinese menu and Chinese messages were
used in this software package. That make it more convenient to use.

Recently, we have made a revision to “TGPPS” to fit the development of computer technology.
The new version of this software package is developed mainly using C language and executed under
Windows environment. To enlarge the range of its application and make it more convenient to use ,we
have also improved the mathematical model of this software. We adopted a new model of adjustment
which takes three-dimensional rectangular coordinated as unknown parametres. This model distinct the
horizontal fixed points and vertical fixed points with constraint conditions. It is convient for this model
to process the data of the GPS monitoring network and to analysis the accuracy and 3-dimensional de-
formation. |

Writing this book has two purposes. The first is to let surveying technicians have a systematic and
specific knowledge on the coordinate transformation and the adjustment of GPS network in GPS applica-
tions. The second is to help surveying technicians, especially graduate students, to deeply understand
the programing method of software package.

This book is divided into five chapters. Chapter one elaborates the basic concepts of coordinate
system and coordinate transformation, Chapter two discusses the principle of the adjustment of GPS
network and pertinent problems; Chapter three introduced some subroutines in the software package;
Chapter four explains the progranning method by giving an example program of the 3-dimensional ad-
justment of GPS network in WGS-84; Chapter five introduces the structure and the usage of th Software

package “TGPPS” (version 5.0)
Because the authors” knowledge is limited and time is pressing, Some text in this book may be

—_— 1 ——



improper. We hope the readers favour us their instructions.
This book is supported by National Natural Science Foundation of China (NSFC) entitled “To

monitor the metropolian terreatrial settlement and 3-dimensional deformation using GPS and levelling”
(No. 49371049) and is one of its achievements.
Liu Dajie
Bai Zhengdong
Shi Yiming
Shen Yunzhong

September, 1996



F—E

)

§1.1
§1.2
§1.3
§1.4
§1.5
§1.6
§1.7
§1.8

— T

§2.1
§2.2
§2.3
§2.4
§2.5
§2.6
§2.7

——

=F

§3.1
§3.2
§3.3
§3.4
§3.5
§3.6

D Y = B O (0
- R T LR TEP RIS (1)
RS S  Bs Tt T T P PP (2)
Eﬁ?ﬁ'}ﬁ%é&ﬁ‘;% ..................................................................... (6)
P SHBER A AR R S U IR AHDAERR WCS84  «rovvssnmsssemssssisssssisscin (9)
BHES UTM BB TR E A ABERR oo, (12)
FEE A BRARBRZR v verrorrerrr st (15)
i&ﬁzﬁﬁ%bﬁg%@ﬁﬂ%&i%& ................................................ (16)
N Ly - F i = R R X RRETIR (20)
GPS S FZ T ERRAEIE oo (24)
GPS ﬁ%ﬂqu%mmgmﬁ ............................................................ (24)
WGS-84 %ﬁ‘;%;’:% GPS ﬁﬁiﬂ m_—{gﬁ:’zg ....................................... (26)
HE AR AR R A GPS BRI R S YETEEE v veveren i (28)
GPS ﬁﬁﬂmq‘c%*%ﬁ&i—’-ﬁﬁﬁ&ﬁﬁ ....................................... (34)
GPS %%JW*E@Z%&%%Q@J?&? ................................................ (39)
GPS E%J@:gﬁxp%gggjgﬁ}g ................................................... (41)
GPS Eﬁ;q”ﬂéggﬁﬁ-ﬁ ............................................................... (44)
GPS UM 2 i EAE A TR v (49)
A S I B FRRIE oeerererr s (48)
AR L TP RIEE vveeereeerrere o s et et (50)
MR ARG P T RRIF veerovevessoremsmornns st e it b (56)
Eﬁﬂﬁﬂﬁiﬂﬂi—%%ﬁ?ﬂﬁa ...................................................... (63)
GPS £ P BE T BT ARIR - overerrreessrersssores st (71)
Zéﬁﬂ”ﬂ]@%ﬂ&ﬁ%%?ﬁﬁ ...................................................... (79)



FME

§4.1
§4.2
§4.3

FLE

§5.1
§5.2
§5.3

ﬁ‘ﬁ:ﬁ‘%—tﬁﬁﬁﬁﬁﬁﬂ .................................................................. (84)
ﬂﬁi ....................................................................................... (85)
B -overenne e (99)
GPS IR F £ HRGRR TGPPS 7T oo (108)
TGPPS B‘Jmﬁﬁ—'ﬁ%*@ ............................................................... (108)
i%ﬁ;&‘ﬁﬂ@ﬁﬁﬁ@ ............................................................... (109)
mpps(so)ﬁ};ﬁi}ﬁ[ﬁ ............................................................... (114)



Contents

Chapter One GEODETIC COORDINATE SYSTEM AND COORDINATE TRANSFORMATION

1.1 General IntrodUcHion ==« «r=+tsesrrrerertatentutitattieiittieetstttaiettieaanttatrotoettsisanenes (1)
1.2 Earth Ellipsoid and Reference Elh'psoid ............................................................ ( 2)
............................................................... (6)

1.3 Several Common Coordinate Systems
1.4 CTS and World Geodetic System( WCS—84) ...................................................... (9)
1.5 Plane Rectangular Coordinate System of Gauss Projection

and Universal Transverse Mercator Projection +=+s«ss«ssssesssssssssssssnnsasinninmnerr.. (12)
1.6 National Coordinate System of Ching cevvrerreermeremminiiniiiiii i iteiaeaees ( 1 5)
1.7 FEstablishment of Local Coordinate System and Coordinate Transformation — «r=ereeerersreress (16)
1.8 Coordinate Transformation between Different Coordinate Systemn —-+--:x-smesrrreereenreceene. (20)
Chapter Two THE PEINCIPLE OF ADJUSTMENT OF GPS CONTROL NETWORK
2.1 The Observables of Adjustment of GPS Control Network +ereseorerereereesrereericraneniee (24)
2.2 The 3-dimensional Adjustment of GPS Control Network in WGS-84 «««reerrrrerarrreerneernes (26)
2.3 THe 3-dimensional Adjustment of GPS Control Network
in Terrestrial Coordinate System .................................................................. (28)
2.4 The Precision Calculation and Analysis
of The Adjustment of GPS Control Network =eertrerererereontrnanetiicetiisiiisiiincein. ( 34)
2.5 Automatically Searching The Independent Closed-Loop in GPS Control Network «+:++--- (39)
2.6 The Basic Principle of 2-dimensional Adjustment of GPS Control Network ~:=+-esxroree-eeeee (41)
2.7 Calculating Height in GPS Control Network «««-erererrtrersssarcrttitriuteiariaaiiic.. (44)
Chapter Three SUBROUTINES FOR ADJUSTMENT OF GPS CONTROL NETWORK
3.1 Subroutine for Calculating Angle and AZImuth «+erevrereererresmnrareneateataniitiaes s (48)
3.2 Subroutine for Matrix Calculating =« «««=++sreesrrsrrmsresrretrantorasntitner . (50)
3.3 Subroutine for Coordinate Transformation ««-««w-eserrerreroserstersacamerrouasenttnrarnre ( 56)
3.4 Subroutine for Establishing and Solving The Normal Eqautin = +re+-rreresreersererstrmereeenee (63)
3.5 Subroutine for Precision Calculating ............................................................... (71)
3.6 Subrouting fot Drawing Network and Error Euipse ............................................. (79)
Chapter Four THE PROGRAM OF 3-DIMENSIONAL ADJUSTMENT OF GPS CONTROL
NETWORK IN WGS-84
) 4.1 Calculation Steps and Variable Declaration «=«xeterseseerrrersnsrimerssrariesuiiiciciean (84)
4.2 The Program  coceereessssrsersnmrrsresioestiiimmutiissisisstitnisr st (85)
.............................................................................. (99)

4.3 A Numerical Example



Chapter Five INTRODUCTION TO THE SOFTWARE PACKAGE “TGPPS” OF
ADJUSTMENT OF GPS CONTROL NETWORK

5.1 The Functions and Structure of “TGPPS”

5.2 Flow Diagrams of Main Programs
5.3 The Usage of “TGPPS” (version 5.0)

......................................................
............................................................

............................................................



BB RHMAEBRRRSLIHEHR

§1.1 #E iR

FEE RN B ARRE R, A AN E % E B H DRI E %R, &
FHEH B R, XA B TATERUMRE L, CRBHARN, Z4EX U EIRTH
HTE 5 B 25 (B2 B2 B SRR AP LB (KR4 R - T B AR T B A AR AR ) M A2,
SHINB T RBLIRR(BREH-RERFHEALTRLURHEENRBERE, SR, H—
DRI R CF IR E ) X — D — LI R WBMHF AR — RN =24
7 EREAYTE HYRHELTHNUBREMNTR, A—ERAZS 2F%RK
BT B A R BT R AR R R — RIVME S =4 B

BERBMNE —BAE—-TZEBOLFRPUEMRFBE I MR, XMHLIR
FARFEERTE, RTRR N ZENZ R EH LR, BT RTF A TR K
KM EBERMAE, SR, # AU E R B A R WM T2 R L
KB

FEE B [ 3 i PO B ot J 5 o) ) ) 3t (X3R4T GPS W BB (B, AR Wy CPS £
AR E W SRR AABERLIR RIS T BIRR, XA TEHR CPS mAY AR M R K
AR TR WGS-84 BB X TR AR R, BTRFANAMRARE FHAGRIKERRE
(EH®), M =R, TiERRAZ AT R R EEBRMEI T UE &,

HEFER, ABERENERRNZ B EA LR KRR R U RRR-RE&TF
EE AR RE N SAER —XSF R P HF RS 0RAE T K, FHE A LA AR
BE——XBHX R, ERTRIRERITER, 5E2 0 R AR LR R E 8 E XA E
XA (M Z WEATHRERS XN ERNKREETRLS), BRMMERT, &R AR
BRI AL ARFE B A R M E AT 0.001m RE Ho

SRR S — 7 ER, B = R AT R LR R RERZARRSES TR
Hy, Horb  RIBERSHE NG E T 50 HHEE, 510K R (FE) LR R 5 UL
BRAARER , AR BUS B CTEHIER RO, R BE AT IA R — B, B AL 47 R 1] M e e S T R
BTS2 B IR A RRER R, TR AR RE T E S RREITRF
AR ATSE T R R R ABIR R B BB D SCE IR AR R P RLEG, ERF2RRENTER
MBI O 1 T, T MR B A R BAE AR AR T LIMRR . AT LR,
R AL BT 7 2 1 A0 B e S BUR SR WA R B E 10, B30, i HE R R AR R WGS-84 H iR Bl
B0 MERE (IR E K 1954 LT RITR R 1980 FFH R A M AIFR) B, BEREL T
T E A A TE TR AL AT R A A BRSR AT B /D IR 2R B B . BB HAIHRE
R TFES SMME A FIALTNEEERR, FEE IR RE . Hit, EEE
SR AE GPS M, KRBT WoS- RESERLMARZ M FRRSE BE -EHRER
KT, AEBREENENRDBXE TS W6S-84 SEFRLIRR MRS, BMAERI

__..1__



XARM ik GPS Wbt , A ERBIT R S EMM— N RN EREE, B TRAEMRER
K, EMAERIFRNRETHIERN WCS-84 TR, B iZ AR RS B H R AR R (B 7 M3
AR AR ), BUTE GPS R 22 i [F] B oK & & T XX BEFE RS H

FERHITETE CPS M E SH B PP RBI M — LRI R, MHBEREIRR B0
AHR AR TR RS B E U BT MR A DRI AR A B P 94 A, X T LA R
M= EALIRR KA R B ZRE AL REHLIRRE AR, —FF]
o 456 GPS #l M P2 it B4 R4 TGPPS MBI BE, Ui B B WGS-84 AL 47 2 B H K A 47
FRECHL T A B AR ) AR AR AR BT SR AR AR o

§1.2 MiBKEEKE S EHEIK

— b FR A R ) A A

kAL F AL BT AR EAR DK R . TEMRE NG, KR L&A LS5 S0ENT
BIEAS, Bl — K HEE L& S EACARS, BUKBEE XN E DEFMLE. RERAKLLTEH
LB SR 75 G g 5 ZE i 3] 1 BR A R i P9 A 7K HE TR R R b 3R BT R 5 3X IS K HETETFR
b K HETET , K A H 7K M T T 6 R AR A T AR AR s A

KA L BIE T — NN, A/ R EERIR, B, EXMWE S, BF
VT — P HEFEHEER R AL R HLIR , FFFRH R M BR A 2R

TERMRRAE— PN MK, AR T SERTUHE T, SRS H0E # R HRKNK
HiZ2 o MR E e, N TR ERRITEEMIRE L, H PR DM it RIE R E
E— NI WEERIE A BRI ER G , (UL A B AT R K /DB, 38 20 J 8 E MG ER -5 A
REA XN E , AR IR EML A E R, MEFEHR SRR, 3N U745 Fn 4y 32
BN J5 TR BF T, WA B SR b BRAHER 5 R BN & o

X T ML F BB A E R BF SRR, B 1967 £ FF 4R, B Fr LR A WA S HOR A
WER B LT R Y A B AR 1, X O SR

BRI ETR a;

3| A H S sk R B BRI GM;

HIERE A B RS T, (SRR R RS C,,0);

IR EHEAEE who
FAXIASE, TURE—RIEE2H IHRREE o« MFEERENES.

T AR, &4 E R X 4 FIRA—ERKNOHIRIEIR (0, o), FXEEN
FIE [, XM HBRMERIR I B E MR, XHEEENBIMSEHR, —BRUES RFBE
HKHKBETENES B EENREBE KN ERR T ENSEHERRTEN. UE
EWR N BB T HRIRRERASOLTR, ERI—TAFRLANBILIBRARFH—
FESEEMRENE, TURBERNSERBRNSOABRE-ENSTERXR MK AKX
o i B ET R A o

FERAK MRS SRR TILE RN E, FEFR 2IRK BRI RN EBRE A
VBRI, PR, T — R R B B A RS ER A BR 3 R AR AR ER Oy B R

__2_._.



BoER, St F R ERMER, R B S ME AT, RN F O SR FEOES (Axy =
Ayp=0Azp=0), BRI SR E S, BEABFFASKXTFHER (¢, = ¢,
=e,=0), REREHESE avo 0, EWERIRIEE L KK ETZER T hED,
B

HM@:%& (1.2.1)

RG22 DA BB E SRR SR B I ES .
DA B BRI ER 0 B B AR AR R AR A L0 AR R, HIE B, BHIIRIEIRI X RA
— BBy R AR R B BRS8N RS 5 Wl 218 BN [ /O G H 2R Bk A0 S84

%o

T OHIEREERR A EATTER

HWERMERE S — M RS HE MRS MEI N - M IEEWHR. XM ERYTFIH
B, #HBRHROEATEREFFHEAMNTERREN,

R 1-1 H, NWSE b F4# B, NS F e %
H(EPSE R ), EAERMMPEARY KT F
T 5 K HF 4 T S5 W BRI RO B Bk O K 7 B
(4n NPS); EHE TR T H SHREHEL
FrR 47 (A0 QPQ,) s I IR .0 AT
(WAE)FR AR IE

WEMERK K/ PFERKTES

WERE A2

OE=0W=aqa;
WER 4 212 S
ON=0S=b; -y
WER A i

FAWE R E — R

FMR R R

a® - b?
o= (1.2.3)

abiave e WHTEEBHRNTE, B o b HKETR, REBHHAFHATR(HA
AR BETE R ) BT Do S ME R ER A RN FITB AR, — R a o AR A9 A/
MR

HIERHE, ERBBUEPHEHRALUTHS:



7= e cosB
W=+1-e’sin’B
V=v1+ecos’B=v1+ 772

n=a—b
a+b
t=tgB
2
c=%
b

Ko B RRA ARG E
BEWIRTCEZ BIFELT RAR

a=bV1+e?
b=av1-é®

2
2 e

1+¢

2
e/2 e

=l—e2

c=a~/1+e'2=b(1+e’2)>

2

e 2

a=cv1l-e

V=Wv1+e?
W=Vv1-é®

=00 - = 4n
(1+n)2

1- ¢ gl—n!z

:(1+n)2 J

= . BE R

(1.2.4)

(1.2.5)

B SRR T E R B X AR R E BRI, B R ER AT R A/ (B
B KRR o FIR R o B2 B0 R FIE ) K B 58 © 0k s i 10 25 [ AR 1 8 (M ER 9 52
MR, BEWRBERE, TR FEARUERBTENSEE, b TENAELE
R H A BB A, X R B R . S8 WA E AR R T SE H PO AL
B SEMRNEANARTELSHRLIFRNLIFHER. SHOLERRR,S0Z4%
AR B LA E SRR L TIESE MR L, z IS SEWRGEHHES, « BN
FRBKAHTFEE, WLRSEMERMYEMMER, FAERBES LWERXESEE HE
BEHE A E MR RA, BREE AT MW ER &Y, BTREREAKBES
B R KA. R ETRHTFRIMEBNEE, TRERA—HENRER
e, FRESUEAT & , B ER ST 5 b BRI — i 70 MO B AE AT, RIS K T F I SR

R LT AR FAT —AE LGB R 1
—_— 4 J—



FE W) 1954 FA TR RER AR R KA EMBRITE (a = 6378245m, a =1:298.3), I 51
FRIBR 1942 4E AR AR A UFAT BRI T BESL A9, R TR BN S € 1. RBWERFHL O &
Ko BOSSEES A 1980 ETH L ABFR AR L S B A TR A2 M5 8 1, ZE KR &5 (R FB%
P % I ACRED) EHEAT T RS R S0 B AR &K B, E L AE R A4 2«

1. WEERAEHIEAT T Bt BR 0 361 19680 Hu kR R A #5165

2. IR KM T4 T RAT FAR AR A E R F 4

3. MEERTE A K EEER BN AT S

TS KBRS ARG B KB B E SR — S M K (A, 7R 1980 SR EIZOK
HARRMEEEIE. B RSO EREETH, ZBRRDIS LR IO BIR AR,

HHER AL A K SECR T 1975 48 TAG HEFH{E, BB

- WEERK 2 o = 6378140m;

HBERB| 7% B GM = 3. 986005 x 10%m’/s*;

HIEREE 13 W R AR J, = 1.08263x 10775

HBR A EE w=7.292 115 x 10 rad/s,

X NS ARBEE « MEMBSE,
ENJE MRS KUK B AR, RS KB EEHERE,

PO | #7737 45 o) I ) J A AR Bk

H5ERFRFH AR, EH 5 TREH K —RRMm MmN, NhRE RS REEEE
AAEARSEWHERE, MESSEWHRAAESHR X P EEE. 7685 HHEm b g
th xR T B R REBER N FE LT EETE ATESEMMAHR, BR
fEHE T MR st , W R AT ERSEHRILAITTETF LAy L2 B
HAERER T RINERARRSEHREONBREATERAREN, EAAKKER
PEFAR R

AS= - H/R (1.2.6)
X HERBENNER, R ESEHIRAOMBELE, R ZMELAH 6400km, T H B AENJL
T, 80 R AMBE K, AS WHENEEHRED,

(B8 E R, Y70 7 ST 6 N %8 GPS WM BB AT, MBS T s KMk
PR B T E AR, XA SR Z R H A A YA, B, R R B RBE
B EMXBEANRASEIMMETNEYERERRESHSEWRE, RITEXH
WERFR R ER S M 7 Rk, FTUAE B, A RHHER B8, KRN T 75 GPS W
BREELTBFERE, BB SHEMIMOREELKBRENEX ERE—E,

ERARRIMEX TR USBAFRMNBHIHR, TERHZM,0HHRN EE, M E,
B2

1. E, MER
W E AR E (B RERSEMR)MWRERERN

a;=a+ (Hy+ &) (1.2.7)

R B A RETCEYRRARREREE)NWERH, [ VMUY FIERR T, B
— 5 J——



WERAM R B RFFARTE, KEBHKREN £, WRREKSRETARES, BME GPS EL
Al B SE B R 5 5 i r N — B
2. E, #hEk
KHE—E AR R e —MEE S P, BT T8
AH=H) + &, (1.2.8)
FEBEMMRE SR #YHHEES. AR SEC ARG L2 %H
PREFARZE, WA W B s FRET SR, FREFEFEENHRREBEREE, T
JEHEHMRER S E, BRREEXALE S, XHUEELRKRE S5 s -3,
CER[16 ] XFTT RV B R BF GPS WA BB AL IER R E, W3R, W FEHAKR M T
BEHMN, AETERLIRR, BB WCS-84 BIR AR B M F M BIRRE N @&
o MR ,CPS BELMEREE E, M E, MERE S , B FHAT T ALIER A BB 5 #7537 47
F 10 T AL AR Bl A — B
3. E, ffizk
TR R i A B SR R B9 1 24 2 0 Lo SRS 1 A58 A A 3 7 6 BR T 5 - 2 7R R T A
X, AIRZH E, HER,
B3R E, SRR 50 X £ 3% R 7T fR B, T B Bk .0 5 2 MM IR0
EA, MR, HMET BT
(1) LARRIA A& A F 2 AR E 2 4R 05 1 KR 5 mE— 1 E, W3R, Sl S K e
BB (B, L) RIEAAE, WAME Hy WAEN HY - (Hy + &)
(2) Bi5E E, WIRAJLATE o, K e,
AR 1 B S BR 0 B 1) AN AR B9 2R 4, FTHEE
I € e’sin’ By) - (Hy + &)
t 24/ 1 - e*sin’B
(1.2.9)
Hy + & 2
No+ H) + &,
E, WEERTE 55 B S BRI ZE R 1R R AL AR S, WHE R MR AL BB - (Hp + &), X — K5 E,
WERMFE, MART E, Wik, 5 E, WEKARIME, E, WK E, HIREAFC MR+
D RBEAREE, T E, MERINAE T,

§1.3 JLAMEABLEIRR

2_ 2 2_ 2
e;=e +Ae"=e +| -

AE LR E ARG R, AR R, SHEALRER, KOs R EHRS
RIS OEABIRR, URENZANLR, M TXLBLIRERBR TS OLRM L, H
IR Ay, Xof e AL F it S 248 8 o

— K HB AL FR FR

K BIRREU KM E BOAMEAE L MAHME HHZrsi—RWE, WA 1-2,0

&



RAMGER B0, EW HFRIETE ,NGS K2 1 Ky F 4 1, HBTH 5 Py RIIELR Py K, SHERTH
FPR,NPS APy WIFHTE, MHES Py ARHAIRE X

KRG E B—— Py K, SHIEE WAE B A, B R EEER, FILRIE(0° ~90°), FFdt
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KB H——Py IR T BIMBRIKRIER Py P, AR RE, S HIE, AN
o

Ki® H SKENBPHESH SEXBRE BUTXEA

H=H"+N=H+¢ (1.3.1)
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EIE A AR 0-XYZo M Py 94 0P, 7EX =4 2478 EBORE X V. Z #5,
(X, Y, Z)HBhE Py MZSEIE AL, TITRS KM REN BN,
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X (N + H)cosBceosL
- |
VA

(N + H)cosBsinL (1.3.2)
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[N - e2) + H]sinB



