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Impact of Mathematical Modeling Schemes into Accuracy
Representation of GPS Control Surveying
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Abstract

The objective of GPS control surveying is ultimately to determine coordinate sets of control points within targeted
accuracy through a series of observations and network adjustments. To this end, it is of equivalent importance for the
accuracy of these coordinates to be realistically represented by using an appropriate method. The accuracy representa-
tion can be quantitively made by the variance-covariance matrices of the estimates, of which features are sensitive to
the mathematical models used in the adjustment. This paper deals with impact of functional and stochastic modeling
techniques into the accuracy representation of the GPS control surveying with a view of gaining background for its
standardization. In order to achieve this goal, mathematical theory and procedure of the single-baseline based multi-ses-
sion adjustment has been rigorously reviewed together with numerical analysis through processing real world data.
Based on this study, it was possible to draw a conclusion that weighted-constrained adjustment with the empirical sto-
chastic model was among the best scheme to more realistically describe both of the absolute and relative accuracies of
the GPS surveying results.
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Fht=Fska] %], Al 30d A 5

o] 49| Aol iz 25 7|24 H3kel AloFat FFAIF of
ol wheh HPAISIL A9 3302 F U39 00, A
S 1007~ L1472 2 AAS E38le] 23Het 28ha]

o] Aol AL H -2 BHel & 4+ gk,
4514 Ry Eo] H;E 2o 1Ak YL AR
915t0] Zhzhe] gzl 24T BEA HHkjolo) A

i3S AAksto] F4o YeRf Qich Fo A4 CASE A-B=
3142118, CASE A-C= 7238, CASEADE 814 1l =
A2, CASE C-D= T 7HEAloF 4o A EA = o]
RS W oz 9tk =, CASE A-B2] %7} A-Coj H

a7 2, HANARFC EEMR SAETY
o) 22 AT DY AT Ao E 2 ey
412 2ot 24 o] 7k A oF o R 7 23 0] 4 ApA|of] Bk & F3F
HaAopR AE GO R B0k ol A BY S F UGS LS A AR THAE 1N M
S Tgshol A AT YEAE ATt A4 0 BN e Aol7h ol 4 alek olel Ak
7 o] Aloke 2% 7] 27 91 HE042F BMO1 9] I A| #3z0] T 7FsARE BEH HxTE R oA ISHolH =
o A en] Akl A8 ALl WAL 25 IR AR ol ebeh 9] B FA4 7}
7124 2y Ave] B e 0)01] SFohs 8 A 2GS CASEADO] Ueht o0, 0] 12 CASE A%k o}
2ol £Tmmeh + 10mmE ek TRa EAR o] B0 AHSE] ol
27 .91, 2006) 245 2Eo| |2 FAH oz Hastsly] YA
217) PR b mH e ALgSHe a7bd Ao diEt atol o3k & me RS A3l o) Al
Wz AuE F30) ROkt Eo| A u| X429} T (Agustan & Featherstone, 2004). 2] 4] ne F=H 7|42
E 1 CHEDE U SN £ES YF SA2Y
Constant Baseline Dependent
Scaling Factor
Horizontal Vertical Horizontal Vertical
132 3mm 6mm 04PPM 0.8PPM
# 2. GPS3S 7|ZF YEH AEE +8H Y
CASE Functional Model Stochastic Model
A Over Constrained (Fixed) .
X : Scaling
B Over Weighted Constrained
C Over Constrained (Fixed) )
- - Empirical Stochastic Modeling
D Over Weighted Constrained
H3. 2 20| 8 YxY 2ot o
CASE Unknowns Observations Posterior variance ¥’ test
A 192 531 1.147 Passed (0.992<x°<1.372)
B 198 537 1.007 Passed (0.871< X" <1.178)
c 192 531 1124 Passed (0.972< x” <1.315)
D 198 537 1.039 Passed (0.899< x” <1.125)
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5t B3t 7ol GPS 7|+ 5% Y= 2d v|A= 9%
66, si= 3E42] F3E/J2 0] 3ELo] 3t EE Ao M, Al F oFxA oA FAEF o thgt F3F- CASE A9} Co vl
T 9%t AT 655 e e o) o it AAGE S Sl gef & 4 glon, FE A BYe AMgshe B
> 4740tk JAIZE o8t} H= AT WAL 09 7 scaling k= Zlofl W|E] Ft A o= of 2ujo) F ghe K
71w o] SAIGES SOl Akt = FAACE §F °]3L 31t} CASE A7} Cof| v]sto] Het=r} =7 B 71 A
TR ARG wheh Zh2E g3 2Rkl A & AAl vl Betw=rt 53] w2 Ao e 7] s
3.Imm®} 6.3mm 12|37 oF 1.5Smme} 3mm oW} 2] Z}o] & 1t A AR dojl FAb-FEA4t FE O ARGl 7] QIR AL
B AL Ak = gE ofof Hhsl CASE Co] Z-¢- WA B7he Aot
T 71 A DA A R st A 3 AESE T
ey A5 BAHOR WY SHES BALFEA PP
X @3 7] ok,
359} 62 ] ashe FaA o ALGEE 81 myol
e F0l VA= oA By o) JFE 245 Aol viste] Yot 3o ¥ 2 &= Stk A
sl A= aE 95%0l tet = E ] o) e 2Erd A g Sl @l% 01, CASE A9} DO| -9 423t
- o= g eapd o] 2715 6o APl sttt 7 A © B Ao R 7 3mme} 522 5.6mme] Z}o]7} 3lo.
ofof| 2J7t gh=i e o] P CASE A9t B2 HlaLof &f3f EAE = FEE (EX}EP &)= 89mme} 15.2mm 2}o]
afef &k 4= glow, Fat A 02 B 797k Aof Hlg| of 3 7hEAY s TE o 7] A FEsfof o A2 2 Atoll A A
U] S7HE RS2 & Tk oA T Al oF BE A o & 3H471A] 42812 KL o] 2gto] #30f HQlnfe} o] ARS
SHeAJo] 34 Fhat FAk-EAT Yol Hutbe Jfold, kel Higt A AR FHY] wiwol o] 22 o=
oj2fgt Zfol= AT ulofA= Ty Bk ofye}  EE AN Kok AMNE ARFolA I A AR
7FeAler o] B8t Aol BA R o Whd = /17] wiel Apof| ofaff o] FojFth ARE HFof uhet UEh= Ao
ok B @4 AR E S AHE-5h= CASE CF DO Afol= 7} o] zpol7} A WAyt dvS FrAlstaL AL 23
FAIF] ol Al ez AA Ueb oL, o] A 7} SHA A E 28 & 4 e s B3 Hojopd I g
FAIF o) B A7lo) wek ek A ¢ ok Al A4S AA B4 ek
B 4.2 2900 3t XY Q| 20|19 S22 (E49: mm)
Diff. CASE A-B CASE A-C CASE A-D CASE C-D
Comp. Mean | Max Std. Mean | Max Std. Mean | Max Std. Mean | Max Std.
N 2.6 4.6 14 0.6 23 0.5 2.7 53 1.9 23 49 14
Hor. | E 39 6.5 22 1.5 3.6 09 2.8 53 1.5 14 29 0.8
2D | 47 7.8 2.5 1.7 36 1.0 40 6.6 22 2.7 5.7 1.6
Ver. 53 8.8 3.0 34 83 2.1 7.5 6.6 48 4.6 9.8 2.7
3D 7.1 11.8 39 38 8.7 22 8.6 14.7 52 53 113 3.1
B 5 YRY SEQ UXY WIS A3t SAHY 22t (22l mm)
Horizontal
Vertical 3D
CASE N E 2D
a )(2 a /\2 a a X a
A-B 1.7 4.1 22 46.5 3.1 63 46.0 7.0
AC 0.6 45.1 0.8 36.6 1.0 25 459 2.7
A-D 23 444 1.9 40.5 30 5.7 46.1 64
CD 1.7 4.1 1.0 41.6 20 32 46.3 38
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B 6 M4F 95%0) et Mok SREY X - BET o) 2700) et SHZ (9 mm)
CASE Semi Major Axis Semi Minor Axis Error Bar
Mean Std. Max Min Mean Std. Max Min Mean Std. Max Min
A 39 1.1 6.3 1.9 3.1 09 49 1.6 7.1 2.1 11.6 34
B 11.6 0.3 123 10.7 10.0 0.2 10.5 94 17.8 0.7 19.5 16.0
C 8.1 1.1 114 6.0 54 0.7 7.5 04 15.6 20 21.8 11.6
D 12.8 0.7 152 10.7 11.6 0.5 129 9.7 223 1.7 273 16.1
B 7. ME|ZE 95%0f St Mo RfEF & - ShEa 2 370ofl st SA12E (B mm)
CASE Semi Major Axis Semi Minor Axis Error Bar
Mean Std. Max Min Mean Std. Max Min Mean Std. Max Min
A 3.6 1.1 6.6 1.6 2.8 0.9 52 1.2 64 22 122 2.7
B 3.6 12 6.6 1.6 29 09 52 12 64 22 122 2.7
C 64 0.7 94 49 43 0.5 6.1 32 124 13 179 9.5
D 64 0.7 94 49 43 0.5 6.1 32 124 13 179 9.5
I8 MEeFE 95%0 st A ¥ x| BX|Eof et SAH
CASE Radius of Station Error Circle Radius of Relative Error Circle
Mean Std. Max Min Mean Std. Max Min
A 36 1.0 5.7 1.8 32 1.0 6.0 14
B 10.8 0.3 11.5 10.1 33 1.1 6.0 14
C 6.9 0.9 9.8 5.1 5.6 0.6 8.1 43
D 122 0.6 14.1 10.2 5.6 0.6 8.1 43
£78 W27 Aol o AT A ATES Yehf oxtet 3 v mahE S e o] BT w30 27 1k S
A0 A - w3 W uhjo] 27]2 A4z 0%o] el Al S 2= ek QX ERUO] A - @] A7|oh Rzt
AVSFIL 1 BAGEE S Q0K Zlolch B GRS AIAY ol o8 1 JBwt B S| vlshel Qb ui]
o 7ok o 7k T S | YRS vl SRR ARGEl] uhiel ashA E 8 4 9 Aol
oFstul, AW A BARDS AGSHe A7) scalingshs Tk G 2 AEEAY B9 QWA 0 2 BFF 24 1
Zof Blsf 2L ek r) of 2ulf HE= WA H7EE 5 Qs gst7] sl F=9] 2712 detes w4 - =
= BT QU oA R E AR #HS T2 o] A7) 9] Zpo| 7k ARt A -5- AA| ol vlsf| =3] WA 7k
A RFY g LU ARS olE A D T e, o)A Ao HhX|Fof o) sfjad 4=
4= Qlck Utk A5 501, CASE D9 79 GPS 35 7|&4 237t
2 Aol A ARt F - 1A BETolEE ARES AlFE 95%E aE & ol SAA 2 S5 91471
of G| As Ao &gt thEAARA 7IHE AMEshE EF O el B A HEFl A 1.3em@} 2.5em A 2
ol gt Aus e S, 7|2 o] St FAE Aot o] A AR 7 = ol A WAl 13em
FESH= 714 A5 R g & 4 A= B QL o] W 1o A RygFol| A 2.5em Ao T
A FAREY S AHEshs tH7S A2 S GPS 71E4] el & BHE0] 95%z2he S ofv jit
S At o et ol A8k Alo] el A
A Ao FA el 4.2 N 258 =4
QxFd o] WA E-2 4(17)°] JOH Axkstod 2L SA gk 421712
S 8o Q0F 3 S 36379 IS 35 2ol theh A AaE whedsto] GPS AT
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i

S 1933} o] AA|kal, LGO 71 A 84S Sa o
[l e oF EARF AT FE-& AR5t CASED9| 4
2 48 310] 242 ANSAL. FHAE LA

A ol 23] Brket Aefgetee) el ol
143714 (CHWN) L] WAL 7141 oH**

of Ferat 2} SRt

22 AP A ER D H R Y, 2011) Z GPSe|| <]
S e tﬂ*}@l AT 14] 7F°ﬂ i

3
% é%ﬂ@qu st WA
& ol gatel 7| a4 AAIS}aL 99} o) Zh |40 5
= 4

o3 1Ys} 7|¥o] GPS 71&4

O3 4. Fek HRfe S|AETH(847H)

CB06% S DA sH= HaA|ofzs Auko] A akxtol
el T ARG A F et AR A e A
7} 05CU-06CU 7] 410] 92952 9] A| 7k 34232 2 T}a}o]
Zd|o|Eol| A A A A TE 1P Tl 2 22 A A3 84
Mo} Aatdate] sl A IS =AIRE Aol ERE 222
o) A3 m sk dxje] weh BA-F
91t a} b3k 4287 2ol thsto] 4mm+2PPMT}
“m”WM°§1”“P“k¢@%%ﬂE%%M%@
11912 2y A3 AAE

CES DES BRELES:

B atsiolet,

422 A3t &M

BAL Y AL

CBO063+ MA18o|| thet 7F5A|oF=2d AXE Ellof &

714 a4 A3 09CU-10CU 7|4l o] 557 2h¢d oFskAAE. 7121 23] E8Hd(0)2 YAl 35 GPS
TFgelA 9] 3-8 RSmm)E 2 A o8 Uekth BEY BV A R s ARERleH, CB06S| 73
oo} 3 3E109] A A ATE WG 10CUS 5 - HE, §A, 2o WEolA +6mm, +5mm, +13mmE
tlo]E & Aol e 2p= A5k 27 off Al sk 123l MAIRO A =B/ 5 U8, o] ke £
9. F2 7|MHE A0 Wit MA ZIN(THY: m)
Differences of Baseline Vectors
Station 1 Station 2 Tolerance
4X AY AZ 3D
01CU 02CU 15 0.017 0.005 0.023
02CU 04CU 0.003 0.007 0.009 0.012
03CU 04CU 0.008 0.002 0.003 0.009
05CU 06CU 0.008 0.017 0.008 0.021 0.025
07CU 08CU 0.008 0.002 0.008 0.012
08CU 09CU 0.003 0.006 0.000 0.006
09CU 10CU 0.022 0.028 0.024 0.043
o Mean 0.007 0.009 0.006 0.014 Except for Baseline
Statistics
Std. 0.005 0.007 0.004 0.007 09-10
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10, 7|MHE 249| gt M7 ZoTH: m)
Misclosure
Loop Length Tolerance
A4X AY AZ 3D
04CU-11CU-02CU 0.021 0.024 0.007 0.033 666.519
04CU-06CU-05CU 0.006 0.009 0.010 0.015 759.155
07CU-06CU-08CU 0.005 0.002 0.004 0.006 580.860
05CU-06CU-07CU 0.003 0.008 0.005 0.009 587.156
02CU-11CU-01CU 0.006 0.015 0.002 0.016 540.083 0.043
04CU-02CU-03CU 0.003 0.007 0.002 0.008 729.930
07CU-08CU-09CU 0.005 0.003 0.005 0.007 668.821
05CU-04CU-03CU 0.000 0.011 0.002 0.011 623.257
02CU-01CU-MA18 0.008 0.009 0.003 0.012 5,727.184
08CU-09CU-CB06 0.000 0.003 0.002 0.004 3,862.472
Mean 0.004 0.005 0.002 0.006 1,328.114
Std. 0.006 0.007 0.003 0.008 1,805.532
B 1L Y74 Aol 5% Z1 99

Weighted Constrained Stations

CBO6(2H2424), MA18(O}A318)

No. of Stations 12
No. of Unknowns 36
No. of Observations 84
Degree of Freedom 48
Empirical Stochastical Modeling Horizontal: 4mm+2PPM, Vertical: Smm+4PPM
Posterior variance 1.169

Result of x? test on the variance

Passed (Critical Range: 0.813< x* <1.824)

12, WARE X2|Zoteo| ztg xto] W MEFE 95%0f et HEZ(TH: mm)
D Coordinate Differences Absolute Accuracy
AN AE Ah Hor, Ver,
01CU 2.6 7.5 72 17.0 320
02CU 12 74 79 17.0 320
03CU 25 83 54 17.0 33.0
04CU 3.0 89 94 17.0 320
05CU 33 10.7 8.6 17.0 320
06CU 29 13.7 15.6 17.0 320
07CU 3.0 10.1 69 16.0 320
08CU 09 11.6 124 16.0 31.0
09CU 1.9 10.6 119 16.0 31.0
11CU 0.5 7.7 16.1 17.0 33.0
Mean 2.18 9.65 10.14 Mean
RMSE 32 11.0 18.0
16.70 32.00
Accuracy 17.3 354
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13, ME|SFE 95%0) e o

5t w3t 7ol GPS 71EH &% A8 E 3

H
e
=2
a=)
XN
rr
of
otk

Radius of Error Circle Error Bar
Mean Std, Max Min Mean Std. Max Min
64 0.7 94 49 124 13 179 9.5
15mmE 3125}tk A o] 7uksto] @at L wE AMgShE ek 3
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