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The Optimization Design and Application of GPS Engineering Control Network

Di Guohui'

Guo Jimin?

Zhou Guocheng!

(1. Hubei Province Survey and Design Institute of Water Conservancy and Hydropower;2. School of Survey , Wuhan University )

Abstract: This paper provides a method to evaluate the variance and covariance of GPS baseline vector, and designs a software

model of GPS engineering control network optimization design through simulation method. It has been used to design the GPS network of

diverting water from Chang jiang river to Hanjing river project in diverthng water from the south to the north project and some long tun-

nel GPS network designing projects,and the field survey has been done based on the design. The comparison between the adjustment

precision, reliability , the transverse sequential error or surveying data and the corresponding values of beforehand design validates the

feasibility of the algorithm above.

Key words: GPS Network Variance Evaluation ~Optimization Design

GPS TR 2 O T 1 2 T A 8 2 T A 8¢ g
TR I, FL A S R O - DA B 7 R B s @4l BRI
PP HARAL ] 5485 B4 H AT, 4T 280 Hh T
T B s 0, E A B AT BEFF (0 CosaWIN) , {HL%4F GPS
P, KR 23 8 Ak B A1 o AR AL iR T Sh BB X T
GPS 51 M) PRALBE T, A4 B BT i) GPS L2481 1y Jy 22
PR CHE A, FE07 0 KA 53 0 = : D= I S m RO
P50 B ; @A FIFRARAE BE , il O 2 A5 48 R @i
GPS Py 3fli tH B4l B 7 22 A SC E BB A B
GPS [ B2k 1) Bk 75 22 [ ) 7 12, I 3@ 1 51 L P I T GPS
RIFISEA BETE GPS 9 ) SCI B , 0 0iE T Bk A AT AT M

1 GPS RZm &5 = — W J7 2R At

L1 Z#@BZmBHATE—hTERMET
TR 1 B T 1), AR AR ARORE BETHEE GPS Y

WK T 2% mi FTBLf T2 ml , B AR R
m>=a*+(b+s)? (1)
2 _ 2 d\’
m, =c +(T) (2)

KA, a,b 53512 GPS YOI )t [ 2 18 25 0 L
BIRZEH T 5¢,d 5352 GPS Bt HL 77 1 ) B (3] 52 152 2% A
HBIRZE R T35 REELRKIE,

P

Ax =5 * cosa (3)
Ay =s * sina (4)
A, o RFEER B AR T LA o
XF(3) \(4) B BEATLR MRS «
dAx cosa —s * sina][ ds
dAy] > [ sinas  cosa ] [ da] (5)
WRIETH 7 2GR, AT AR 2L LR 1A B A 07 25—t oy 251

2 2
B B Tl b OO G el oS
cos“a + mg +—sin“a * m, sina * cosa p =g,

DA"’ ) sina * cosq * (mf —%m,z,) sina - mf +%cos?'a . mza
p p
(6)
1.2 ZHBEZEBHE—hHEREMGT
Xt(5) XY ', mA R, A
cosa —s -+ sing 0,.ds
[dAy] [ sing . cosa OJ[da ] (78]
dAh dAh

MALMAh%ﬁﬁ—WﬁE%%:

2 2
5E, " s

cos’a + m? +—si in + m2  sina cosa( ms = —>1 mi) 0
P P

D = | s2 2
Asyh sina * cosq * ( mf -—zm?,) sin’a mf +s—zcosza o mi 0
P P
0 0 my,
(8)

ARt L M R A 25 [ LA AR AR R R



25 A E LB 3

AX Ax

AY|=R - [ Ay] 9)
AZ Ah
—sinBcosL, —sinL cosBcosL
R= [ —sinBsinl,  cosL  cosBsinL (10)
cosB 0 sinB

K, BL 43 3| R Kb 2 BE A2 B, AT pl 23 (6] B A AL A
R XY Z HHAG5) R R,
e 07 22 AL R ARG S e R B 2= —th 5 1%
HREARK:
Dyxyz =R = Dy, R
covAXAX covAXAY covAXAZ
2> Dy, = | coVAYAX  covAYAY  covAYAZ |, |H .
covAZAX covAZAY covAZAZ
covAXAY = sinBcosL ( sinBcosL * covAxAx + sinl -
covAxAy) + sinL (sinBcosL + covAxAy + sinL + covAyAy) +
cos’Beos’L + covAhAh (12)
covAYAY = sinBsinL ( sinBsinL + covAxx — cosl -
covAxAy) + cosL( — sinBsinL + covAxAyf + cosL + covAyAy)
+ cos’Bsin’L + covAhAh (13)
covAZAZ = cos’B + covAxAx + sin’B + covAhAh (14)
covAXAY = covAYAX = sinBsinL ( sinBcosL - covAxAx +
sinL + covAxAy) - cosL ( sinBcosL * covAxAy + sinl -
covAyAy) + cos’BeosLsinL + covAhAh (15)
covAXAZ = covAZAX = - cosB ( sinBcosL + covAxAx +
sin + covAxAy) + cosBsinBcosL + covAhAh (16)
covAYAZ = covAZAY = cosB ( - sinBsinL - covAxAx +
cosL + covAxAy) + cosBsinBsinL « covAhAh (17)

2 GPS QA Al

GPS BL2% ) By iR 22 r B A F
V,=B8X, - L;

(11)

(18)
=,
L7 i RSl o
B,=| 0 -1 0 010
G TR B Ky 5
8X, = [dX,,dY,,dZ,,dX;,dY,,dZ,]"

H [ B BENUE AL Py = 00 D gy, T LA AE H 45 28 1]
B Py WYL TR R B R N = B'PB AR R & /N — 3k
JEBR, FLE R Y X A 2R T R B R A Al b A B TR R B, B

Q=N_1:qij=diag(0ii) (19)

PR, 42 ] ) v 5 B8 e K BE A THE R

Oy, =09 Qx,-,o'yi=0'o Qy,-sa'z‘-=0'0 «/Qz‘- (20)
oy ARAETRAAFIRZE,
3 AJEEMESHT

WRIAE 1, B RIS 7, = (QwP) (21)

(22)

r=n-u= 2 r;
I r AP 22 AR A B v, AT LASC B GPS $5:3
R 2 BRI L P oL 22 P RE T, R o PR AT S A s e Sy R ORI
(B u AR AR
A1 AT S S R ) 1O A A8 2 B B L 22 RO 22
GIRIE MR, HHE AR N

1-r,

Op; = @ (23)

K, 0 FAEFLSE, — B 2. 79 (BEKF0.05,
U6 T7%% 0. 80)

4 BRIERE BRI

A5k GPS [ il I S ma {8 ( B GPS i 15 2% 7 5 | 2 b
R R 2, AR AAE ) B AT S BT A
A P B A AT

d(Ay,) = - a,AX,dx; - (1 +b,AX;,) dy; +a, AX, dx, +
b, Ax;,dy, —a,AX,, dx, - b, AX,dy, +a,AX,dy, + (1 +b,
AX,,)dy, (24)

3 (24) 538 B AL bR 25 AL BR 2 (BSR4
AT R G ZARRL) , & SR« 76 45 58 A0 B 8 2 <7 A% b
AT, RSN GPS T 42 1l I 5 WiE 15 3k 4 11 45, (J, ©) FAH
JSLRE 6 55 (A, B) IR B K EE LA KBRS A5 P IIBLE A 36, R
WAy, AR B O R BOES PRy BRI, a,b
SRARRLILEGJ5 1) R B, Ax N R A5 G B R 25, $ P O 24
WERITE N R EEN P IRER R g, M, F%R,
TRIEFR Jy A b ZE AT R i o

5 FHLBHX IR GPS C &M Fikit

5.1 GPS CHMARIEIT

FKAL I R B VLI T GPS € % W 4 K B i
70km, 2 BRI ) H AR B 9, 7E B M A9 PO 5 (6L, 62,
G3,64) EHEATHRIN, Rl HE 6 & XU GPS 2t HL 3w i
LA 30min 4 g R0 A B B, 45 A E R A A b f Bsf B,
FEHEAT 3. 5d MSME R . A GPS AR 5 81 W 1k i 1
BAF NERHET T 240 RET, BRIERERENE, #
FE 77 RIS IBEECH 56 (4 4> B G- 5,52 4 C Gi) , vy
HLBON 138 &, WA =RRER MR E—hi
Z ARG AT BE T SR O, B A ER GPS HE4R [ iR
ZH = 5mm, EEHIER2EHy + 1ppm, AL HHIR2E N 17, H4
REE1.£2,

F1 GPS Z4g M EfEE

prann] Mx(cm) My(cm) Mz(cm) Mp(cm)
653793 0.33 0.63 0.44 0.84
2 S5 0.78 1.06 0.66 1.47
S 0.55 0.84 0.54 1.14




4 FRF 7K o U 22 R B8 SCEE (2007)
%2 GPS =4igit T HMIEH ki
XWA | YW | Z W] | X4ha] | YARAT | Z 4hA] 1% 55, Mx(cm) My(cm) Mp(cm)
Bt s | osEM | g | M | mEee | mem HO02 2.20 1.50 2.66
BoMi| oo1r | 037 | o1 | 017 | 0.67 | 0.20 HO12 0.00 0.02 0.02
B 0.94 | 0.81 | 0.93 | 22.98 | 4.74 | 22.08 HO17 1.63 1.80 2.43
S| 0.62 | 0.62 | 0.62 | 2.61 | 1.80 | 2.94 HO18 1.72 1.76 2.47
5.2 LMEE ST REEER F6 [XE GPS Mgt —#4REEmEBTWEM
T IR R TTHEESK ,2006 45 1 H 8—11 H#E4T T C 4% e e A ] S
PR ORI R AL HT AR, C % 2R i B3R ] Pinnacle o DX DY
WA, 22 R CosaGPS #4347 , 45 B (o KE B 5 ] S Hoo1 H002 0.74 0.07
%&%ﬂ%‘% 3\§ 4, HO01 HO12 0.58 0.64
_ . HO01 HO11 0.45 0.57
R3 GPS =HBRIUMRIHE HO02 HO12 0.50 0.61
KWM | Mx(em) | My(em) | Mz(em) Mp(em) HO11 HO12 0.55 0.80
B 0.19 0.36 0.23 0.47 T s 0 a5 )
B 0.51 0.91 0.58 1.19 HO12 HO17 0.56 0.56
A 0.37 0.63 0.42 0.84 513 i T 0 5
F4 GPS =430 7] 154 HO17 HO18 0.50 0.72
b | AP | YR | ZAR | XSRAD | YSRAT | ZShE H13% 6 TSI, P-4 Y ES AT SE4E (DX DY) 434514 0. 53.0.
SEPE | GEME | Gk | GRME | SR | B ) s pqugaT SR 0. 55, 0 Y T SRR .
T RET HETRE e e AFIR AR A5 914 HOOLHO02, i 11 93
SEHME | 0.62 | 0.62 | 0.62 | 2.69 | 2.99 2.70 HH F BB #2430 08 HO17 (HO18 . 55 A ) Hh i 22 i £idi 3

{H~ 2. 7cm,

6 JLIBEIE GPS MRkt

6.1 FZiE GPS M Ri&it

HBEIE ik Okm , BUE ALZEH S, GPS WL 1,
HOO1

HO17

1 P& GPS M

AT PR AHSR LA AR XSRS BE , HERE T RE R AT 3 &
AR ARG EMEE (£ 1mm) |, [F4 % HE 4 605 GPS #il
SR, LA 120min 4 A 080 Bsf B < B , 4 4 R0 6 4 LA 1
RO B, HERF T SR A ISR R 6 A5, ST BB R 9 4%,
PEFTHRS BE | WIS 0 B0 A B 1) A ) R 2E AT, R
FW X f i BAE O, B AT B GPS BE R EIRE K
+10mm, HBIIR 2K + lppm, I iR 17, Bl HOL1
o, HO11 - HO12 g [ 5 J7 1 , 45 3R 5. % 6,

®S5 BRIE GPS Wigit M S &

6.2 ZLAMItEER
HIRHERE DT RAFTI RS , ¥ GPS 7 34k 9 SR AN

A 3 AAE N I B, HEAT —4EBR AT 22, 19 B0KE B 7T

SEPEABUE GBI A R iR2E, WK T, % 8,

KT FBEE GPS WL P & ALK B

PR Mzx(cm) My(cm) Mp(cm)
HO11

HO002 1.80 1.1 2.23
HOO01 1,797 1.43 2.21
HO17 1. 37 1.50 2.03
HO12 0.00 0.03 0.03
HO18 1.46 1.46 2.07

RS B GPS LM —SELHBAHEM
PR T

B AR DX . DY
HO002 HO001 0.69 0.24
HO11 HOO01 0.58 0.55
HO11 HO17 0.58 0.63
HO12 HOO01 0.65 0.64
HO12 H002 0.60 0.56
HO12 HO11 0.19 0.64
HO12 HO17 0.63 0.60
HO12 HO18 0.59 0.70
HO17 HO18 0.26 0.60

HI3R 8 A AF-X R AT SE 44 (DX DY) 43 51 0. 53 0.

P Mx(cm) My(em) Mp(cm)
HO11
HO01 2.16 1.66 2.73

58, IR AT SEMEIY(E ) 0. 55, 0 W B0 AT Sk e
B R PR Z A THE R 2. 9em,
(T#es 10 ;M)



LV EVEZN

GPS RTK F b5 B i) 5 Wi A 3% 53 B

KK RTH KA
(g KA B2 S TRR)

i F:RTK ORI SCRALE T Xl b BB & MR , iV MRS B 0 TR 2 3 350 T4 RO BE SR (R fb ) 22
ST BRI A B AR o FESEBRAEML o 3B Hop— 26 (R B Al 25 0 RTK AR MRS BE , 62040 RTK R 1K B o B
W ) 35 BR85S 1 , B8 e RS R, B it T 0 kR 5

XEWR:UE RTK WE TREMA

The Analysis of the Work Precision Influence Factor of GPS RTK
Huang Zhangyu Xu Yuyue Chen Sujuan
(School of Survey Science and Engineering, HeHai University)

Abstract: The keys of RTK technique are data processing and data transmission technique. The main factors of affecting the work
precision are whole period illegibility initialization , differential data transmission and coordinate conversion and so on. In the practical
work , there are some other factors which can also affect the work pracision of RTK. We must analyze the factors of affecting the RTK’s

work precision and find the weakening measure ,and improve the survey precision thus can provide more excellent service for construc-

tion survey.

Key words:Survey RTK Precision Project Application
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GPS Aerotriangulation Application in Burma Enmeikai River Project

Pu Shaochao Li Jingqing

( Kunming Institute of Survey and Design, CHECC)

Abstract: The development trend of digital photogrammetry is aerial photography using GPS help to aerotriangulation. In surveying

area with vegetation flourishing and human habitation sparsity this technique has advantages. This paper introduces some primary meth-

ods of applying the principle above to survey and map topographic graphic in huge water conservancy planning project in overseas.

Key words: GPS Assistant Aerotriangulation Digital Topographic Map ~ Carrier Phase Differential ~Photogrammetry Station
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AR R ITOLTCR o B EGE B3 A AL 3h 2 B 0 Bk )
FEFERPAHO VLI B B 75 GPS EALBUF A HOR A T
BHNX, =P X +BD T W, o MIMBRERN:Y, =
HX, +Dd+V,,

2.2 MEBHNFEEF

R FH 56 [ FEHT 49 /2 ] ( Cessna ) f9 %2R ( Citation) TI BES,
Whlo PREF RC30(f=152. 845mm) i 25 AL , oM 117
PPN 114/ mm , 553k 42 ] B 25 5 KA 0. 005Smm, Ji§ H JE
SFHEBEA 0. 005mm , J§ I #% 4 525 nm, 3 [ 4] ik 2B 4, i %
(2402) DA F f 45 CCNS4 K474 P R 45, IMU ( Inertial
Measurement Unit ) =i BE 22500 B R 40, ¥ & SR E %
B , BE B E AU B AL A 2 5, WinMP S5 F %5 $1.%)
BeHER 4, IMU F1l DGPS %42 J5 Ab FRER {4550 45

Mz B KL B R BT 48 5 Z - 12 GPS A 2 i
B, GPS HHL R B THUMSNI, TEBIL & EARE N
5°, 8RR RN FRET 1s, IMU &5 GPS K& 8%
AN x=-0.050m.y = —0.080m.z = —0.930m, IMU 5
Camera iy X AN x = + 0. 000m,y = + 0. 290m.
z= +0.380m, F#Eic R & 85M,

S F ML T8 SR — R R B 0L, B 25 ZE S 24
11k, HCAR AR e 46 fa) [ 5% 15 G4 ) 0 58 , SR T BT 3457 8 55 Z
- 12 GPS SUFHHL, TR L3 A i B K 3°, RrE a) IR
N 1s BT R A B 20M, HATRYORHE AR S BN 1 iR,



