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ABSTRACT

Aerotriangulation plays an important role in photogrammetry for establishing the

relationships among the camera, the image, and the object space at the time of photo
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exposure. Control survey is the primary and fundamental work in photogrammetry to provide
the means for relating aerial photographs to the ground. This paper examines the
effectiveness in vertical accuracy promotion of employing the real-time kinematic GPS
positioning in artificial targets and natural points surveying for aerotriangulation in a

photogrammetric project at Changhua County.
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GPSfTE Il & H A S¥EE ~ (F3 77 (3 Kk 2 XIRE M F M [Leick, 1995] » 7%
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2.1 GPS BiIFRE

GPS #7825 (L f| B IR B (R K= R 0R - AR TR s - MEAREFRE
Wi R e < 22 AL AR E - F Mt 2 i AL & - EREARRRNEE —EHEE
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2.2 GPS-RTK EpfEI

REE B WG - RTERFEICE S GPS @R rVaASE - IR @RISR E
fEKREPRERIED - GPS @2 E (LI & /7R B - 1EFRRE(Static) ~ TREFRRE
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3.2 12HAERREER
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&1 GPS-RTK & | & GPS # Al F MR ILKA (£41: AR)

B8 | RTKX RTK-Y |RTK-H| #3KE-X ME-Y (BME-H| AX | AY [ AXY]| AH
F3305 | 201711.473 [2637234.793 | 38.213 | 201711.477 |2637234.781 | 38.190 [ -0.004 | 0.012 | 0.013 | 0.023
F3131 | 201855.041 |2636783.946| 40.339 | 201855.039 |2636783.92040.292 | 0.002 | 0.026 | 0.026 | 0.047
F3130 | 201281.608 |2637473.102 | 37478 | 201281.602 [2637473.086| 37.486 | 0.006 | 0.016 | 0.017 | -0.008
F3124 | 197985.320 |2638777.495| 32.436 | 197985.318 |2638777.494 | 32.512 | 0.002 | 0.001 | 0.002 | -0.076
F3123 | 197386.120 |2638385.110| 31.194 | 197386.105 |2638385.117| 31.278 | 0.015 | -0.007 | 0.017 | -0.084
F3122 | 196837.637 |2637845.522| 30.470 | 196837.635 |2637845.518 | 30.532 | 0.002 | 0.004 | 0.004 | -0.062
F3119 | 198621.773 |2635869.761| 33.170 | 198621.799 |2635869.764 | 33.268 | -0.026 | -0.003 | 0.026 | -0.098
F3117 | 199082.980 (2635446.144 | 34.298 | 199083.002 [2635446.135| 34.396 | -0.022 | 0.009 | 0.024 | -0.098
F3116 | 200513.907 |2635281.831| 37.685 | 200513.915 |2635281.831 37.638 | -0.008 | 0.000 | 0.008 | 0.047
F3115 | 200795.452 |2635729.508| 39.091 | 200795.460 [2635729.495|39.043 | -0.008 | 0.013 | 0.015 | 0.048
F3114 | 201102.754 (2636643.224 39.016 | 201102.758 |2636643.216| 38.986 | -0.004 | 0.008 | 0.009 | 0.030
F3113 | 199781.209 |2635647.455| 35.802 | 199781.226 |2635647.451 | 35.831 | -0.017 | 0.004 | 0.017 | -0.029
F3112 | 199148.026 [2636187.741 | 35.693 | 199148.032 [2636187.733| 35.775 | -0.006 | 0.008 [ 0.010 | -0.082
F3111 | 200411.114 |2637198.863 | 37.160 | 200411.120 {2637198.854 | 37.192 | -0.006 | 0.009 [ 0.011 | -0.032
F3110 | 200280.517 |2636329.223 | 36.835 | 200280.524 |2636329.220| 36.847 | -0.007 | 0.003 | 0.008 | -0.012
F3109 | 199690.614 |2637237.548| 35.129 | 199690.607 [2637237.551 | 34.982 | 0.007 | -0.003 | 0.008 | 0.147
F3108 | 198968.619 |2637747.324| 35.675 | 198968.611 |2637747.320 35.626 | 0.008 | 0.004 | 0.009 | 0.049
F3105 | 198577.747 |2638307.962 | 33.946 | 198577.729 2638307.957  33.933 | 0.018 | 0.005 | 0.019 | 0.013
F3101 | 197120.945 [2638635.98130.471 | 197120.937 |2638635.986| 30.592 | 0.008 | -0.005 | 0.009 | -0.121
F3100 | 196560.156 |2638254.760| 30.071 | 196560.153 |2638254.756| 30.177 | 0.003 | 0.004 | 0.005 | -0.106
F3313 | 202632.340 |2637653.162 | 38.024 | 202632.314 {2637653.136 | 37.953 | 0.026 | 0.026 | 0.037 | 0.071
F3304 | 202896.979 |2636967.681| 41.717 | 202896.980 |2636967.661 | 41.595 | -0.001 | 0.020 | 0.020 | 0.122
F3138 | 202075.646 |2638438.216| 35.524 | 202075.639 |2638438.196| 35.501 | 0.007 | 0.020 | 0.021 | 0.023
F3137 | 202113.807 |2639121.298 | 34.880 | 202113.797 |2639121.262 | 34.839 | 0.010 | 0.036 | 0.037 | 0.041
F3136 | 201393.879 |2638906.967 | 34.247 | 201393.865 [2638906.932| 34.298 | 0.014 | 0.035 | 0.038 | -0.051
F3135 | 200557.906 |2638569.684 | 35.976 | 200557.908 |2638569.678| 36.067 | -0.002 | 0.006 | 0.006 | -0.091
F3134 | 201183.674 |2637983.553| 37.569 | 201183.683 |2637983.537|37.579 | -0.009 | 0.016 | 0.018 | -0.010
F3133 | 200389.667 |2637713.815 | 37.186 | 200389.677 |2637713.782| 37.273 | -0.010 | 0.033 | 0.034 | -0.087
F3132 1 199915.152 |2638258.345| 35.736 | 199915.164 |2638258.314 | 35.856 | -0.012 | 0.031 | 0.033 | -0.120
F3128 | 200751.143 |2638136.950 | 37.197 | 200751.146 |2638136.914 | 37.259 | -0.003 | 0.036 | 0.036 | -0.062
F3127 | 199458.897 [2639427.845| 33.601 | 199458.872 [2639427.846|33.578 | 0.025 | -0.001 [ 0.025 | 0.023
F3126 | 198899.564 |2639242.117| 32.260 | 198899.540 |2639242.127 | 32.270 | 0.024 | -0.010 | 0.026 | -0.010
F3125 | 199530.488 (2638357.263 | 34.589 | 199530.474 |2638357.301 [ 34.522 | 0.014 | -0.038 | 0.040 | 0.067
F3106 | 198062.710 [2637475.321| 32.271 | 198062.706 |2637475.328 | 32.222 | 0.004 | -0.007 | 0.008 | 0.049
F3103 | 198428.826 |2639675.561 | 30.365 | 198428.817 |2639675.547 | 30.447 [ 0.009 | 0.014 | 0.017 | -0.082
RMSE 0.012 [ 0.018 | 0.022 [ 0.071
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&2 GPSRTK HHER ERERAFRKERTRARIEL (B2 : AR)

2uk RTK-X RTK-Y |RTK-H| #Mf8-X -y [KHE-H| AX AY | AX-Y| AH

L124 ] 199919.510 [2638248.393| 36.024 | 199919.516 |2638248.397| 35.953 | -0.006 | -0.004 | 0.007 | 0.071

L528 | 201207.471 |2637269.787| 37.567 | 201207.461 |2637269.775) 37.568 | 0.010 | 0.012 | 0.016 | -0.001

L532 | 201313.286 [2637281.033| 37.725 | 201313.273 |2637281.022|37.709 | 0.013 | 0.011 | 0.017 [ 0.016

WI105 | 198586.710 {2637346.390| 33.004 | 198586.721 |2637346.375| 32.996 | -0.011 | 0.015 | 0.019 | 0.008

Wil 197625.466 [2638247.780|31.166 | 197625.472 |2638247.789( 31.196 | -0.006 | -0.009 | 0.011 | -0.030

WI11 | 199034.263 [2637324.168| 33.958 | 199034.271 {2637324.177 33.880 | -0.008 | -0.009 | 0.012 | 0.078

WI13 | 199258.788 |2637380.326 | 34.213 | 199258,788 [2637380.331| 34.136 | 0.000 | -0.005 | 0.005 | 0.077

WI14 | 199287777 |2637493.269 | 34.289 | 199287.770 [2637493.272| 34.228 | 0.007 | -0.003 | 0.008 | 0.061

WI21 | 199437.628 [2638020.605 | 34.679 | 199437.625 |2638020.605| 34.645 | 0.003 | 0.000 | 0.003 | 0.034

W139 | 198613.152 [2637978.543 | 33.326 | 198613.149 |2637978.543( 33.290 | 0.003 | 0.000 | 0.003 | 0.036

W243 | 201133.089 |2637297.552| 37.615 | 201133.066 |2637297.544 | 37.619 | 0.023 [ 0.008 | 0.024 | -0.004

W47 | 198058.179 (2637872.540( 32.505 | 198058.182 |2637872.535| 32.510 [ -0.003 [ 0.005 | 0.006 | -0.005

W66 197889.859 |2637380.543 | 31.598 | 197889.865 |2637380.544 | 31.579 | -0.006 | -0.001 | 0.006 | 0.019

W78 198455.691 |2637488.973 | 32.767 | 198455.699 |2637488.970| 32.727 | -0.008 | 0.003 | 0.009 [ 0.040

w179 198519.179 |2637349.578 | 33.071 | 198519.178 {2637349.581 33.013 | 0.001 | -0.003 | 0.003 | 0.058

W93 | 198137.177 [2638002.843 | 32.588 | 198137.185 |2638002.841 | 32.560 | -0.008 | 0.002 | 0.008 | 0.028

WI59 1199167.714 |2636892.719( 34.777 | 199167.743 (2636892.701 | 34.896 | -0.029 | 0.018 | 0.034 | -0.119

W164 | 199108.607 |2636566.955]35.041 ] 199108.618 |2636566.950( 35.148 | -0.011 | 0.005 | 0.012 | -0.107

WI67 | 199112.704 |2636351.167 | 35.043 | 199112.727 [2636351.170) 35.136 | -0.023 | -0.003 { 0.023 | -0.093

WI170 |199250.218 |2636235.412 | 35.834 | 199250.252 |2636235.411 | 35.898 | -0.034 | 0.001 | 0.034 | -0.064

WI175 | 199610.015 |2636213.208| 36.334 | 199610.028 |2636213.201 | 36.396 [ -0.013 | 0.007 | 0.015 | -0.062

WI80 | 199977.168 [2636196.570| 37.190 | 199977.169 |2636196.580( 37.239 | -0.001 | -0.010 | 0.010 | -0.049

WI83 | 200205.319 [2636095.374| 37.826 | 200205.322 [2636095.379| 37.821 | -0.003 | -0.005 [ 0.006 | 0.005

WIBT | 200461.696 [2635932.258 | 38.245 | 200461.700 |2635932.271 | 38.219 | -0.004 | -0.013 | 0.014 | 0.026

WI190 | 200654.869 |2635813.256| 38.666 | 200654.876 [2635813.253 | 38.635 | -0.007 | 0.003 | 0.008 | 0.031

W194 | 200955.360 |2635713.785 | 39.441 | 200955.368 [2635713.798 | 39.399 | -0.008 | -0.013 | 0.015 | 0.042

WI196 | 201046.682 [2635855.043 | 39.390 | 201046.702 |2635855.061 | 39-349 | -0.020 | -0.018 | 0.027 | 0.04]

W198 [ 201055.396 |2636004.466 | 39.145 | 201055.413 |2636004.487| 39.117 | -0.017 | -0.021 | 0.027 | 0.028

W234 | 201117.973 |2637013.934 | 38.398 | 201117.979 [2637013.949 | 38.378 | -0.006 | -0.015 | 0.016 | 0.020

W240 | 201093.505 |2636603.163 | 39.337 | 201093.517 [2636603.177 | 39.329 | -0.012 | -0.014 | 0.018 | 0.008

W247 | 201164.988 |2637785.088 | 38.241 | 201165.000 {2637785.086 | 38.245 | -0.012 | 0.002 | 0.012 | -0.004

W465 | 200925.917 |2637916.236 | 37.747 | 200925.922 |2637916.226 | 37.796 | -0.005 | 0.010 | 0.011 | -0.049

W472 | 200625.427 {2637718.381 | 36.443 | 200625.442 |2637718.371 | 36.496 | -0.015 | 0.010 | 0.018 | -0.053

W476 | 200371.491 |2637899.276| 35.633 | 200371.497 |2637899.264 | 35.700 | -0.006 | 0.012 | 0.013 | -0.067

W479 | 200331.776 |2638087.603 | 35.398 | 200331.790 |2638087.597 35483 | -0.014 | 0.006 | 0.015 | -0.085

W482 | 200311.936 [2638254.806| 35.303 | 200311.952 |2638254.786 | 35.393 | -0.016 | 0.020 | 0.026 | -0.090

W485 | 200187.726 |2638364.119( 35.088 | 200187.743 |2638364.099 | 35.185 | -0.017 | 0.020 | 0.026 | -0.097

W487 | 200084.815 [2638502.426 | 34.903 | 200084.821 |2638502.400| 35.023 | -0.006 | 0.026 | 0.027 | -0.120

W522 | 201317.915 |2637476.283 | 37-680 [ 201317.923 |2637476.249| 37.683 | -0.008 | 0.034 ( 0.035 | -0.003

W31 | 197505.947 |2638064.019 | 31.149 | 197505.948 |2638064.021 | 31.169 | -0.001 | -0.002 | 0.002 | -0.020

W30 197440.110 |2638056.051 [ 31.082 | 197440.107 {2638056.040| 31.095 | 0.003 | 0.011 | 0.011 | -0.013
RMSE 0.012 | 0.012 | 0.017 | 0.057
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3.3 Eh=EAIRMR D

HHEH RS GPS BFREHI B RIEBMERBRET =AHRZ EMITHIEEE » 7
Fi PAT-B T RIET ZFHHE - #RZEE 2 R R 5% 5 1NiE 8 Fin » BflnE
0026 ARZKEE » MEX Y ZU)E T M2 ERBTREEZTHEI NS
0.023 ~ 0.023 ~ 0.054 TR - B#E - HFEEHIES M H R B Z GPS-RTK BhREHI &AL R
AMZEERZER = AR PAT-B XREFEZHE » #RZEE ST R 55 75
9 R o [EIRAVBERERNEE] 0.026 ARZIEHE » MTE X~ Y~ ZH)& F A2 %5
ERETIE S PR A 0.022 ~ 0.021 ~ 0.049 AR o H A4 » FI|Ff GPS-RTK #&hkE
BB ZEHIRE I 5 R8> AR ET =ANR 2 RE - HESREHZHE
R A WE T HIEH 2 EERAKES -

STATISTICS

1-fold points 2
240ld points = 159
34old points = 169
= 52

P2

7

4-fold points

S-fold points =

6-fold points = &
number of block pounts = 458

number of cheervations = 2066
number of unknowns = 1464
redundancy = 1472

number of cutliers for image observations = 0
number of cutliers for control cbeervations = 0

ROOT MEAN SQUARE VALUES AND CHECE VALUES OF RESIDUALS OF PHOTCGRAMMETRIC OBSERVATIONS
image system  terrain system image system

obsy= 1462 rmsy= 387 rmsy= 0019 chvvy= 1L62

ROOT MEAN SQUARE VALUES AND CHECK VALUES OF RESIDUALS OF NON-PHOTOGRAMMETRIC OBSERVATIONS
image system  terrain system  terrain system

control points with sds-no. 1

obsx= 14 rmsx= 202 rmsx= (010 chwwx= 003

obsy= M rmmsy= L8 msy= 0009 chvwy= 003

obsz= l4dmmsz= 7.22 rmsz= 0036 cwwve= 0.1

SIGMA NAUGHT 5.14 = 0025

£ L s T
mean value of standard deviation of terrain points
in units of terrain system
inx 0.023
iny 0023 -
inz 0.054

B8 #MGPSHERMETAMNEMHLIPATBARETF=ZFEAR
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34 BADMR

LI R B BRI 35 B5Z2HEN > M BEE AN - 3t 378 > GPS ARAEHI B 5
J\HS GPS #: U@ FIRHEN » 5 GPS-RTK BHREMI il =45 GPS HEILH & RTK SR
B (| EEs2 BB - URFE—KAIERIZER - HELL GPS BB
LI GPS-RTK BYRERI Bt 2 %Mk A% R » M1 3 BT » TT41LL GPS-RTK BY#EHIER 77
REFHEAT  B58 ~ FRIZRA -

STATISTICS

14old points
24old points
34old points
4-fold ponts 33
S{old points -2}
64old points = 50
number of block points = 472

number of obeervations = 3104
number of unknowns 1;&

3
161
176

number of outliers for image cbeervations = 0
number of outliers for control observations = 0

ROOT MEAN SQUARE VALUES AND CHECK. VALUES OF RESIDUALS OF PHOTOGRAMMETRIC OBSERVATIONS
image system  tefrain system image system
image points

obsx= 1510 rmsx= 336 rmsx= 0017 cwwx= 1007
obsy= 1510 rmsy= 386 rmsy= 0019 chwwy= 1159

ROOT MEAN SQUARE VALUES AND CHECK VALUES OF RESIDUALS OF NON-PHOTOORAMMETRIC OBSERVATIONS
image systemn  terrain system berrain system

obsx= 14 rmsx= 228 rmsx= 0011 chvwx= 0.3
obsy= 14 rmsy= 238 rmsy= 0012 chvvy= 004
obsz= 14 rmsz= 685 rmsz= 0034 chwvwz= 0.10

coatrol points with sds-no. 2

Gtex= W mmsx= 580 msx= 002 chvvx=
obsy= M4 rmsy= 518 rmsy= Q026 chvvy=
obez= 14 rmsz= 1071 rmsz= 005 chvwvz =

SIGMA NAUGHT 5.13 = 0.026

=

£ 23 P
mean value of standard deviation of terrain points
in units of terrain system
in x 0.022
iny 0.021
inz 0.049

M9 ##WA GPS-RTK $HRE A FHMARLZI PATBAREZZ=ZFEAR
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