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The Study of Aerial Triangulation Using GPS
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ABSTRACT : Nowadays, GPS-photogrammetry can be applied to the basemap production,
a land register and NGIS.And from now on, as the increase of GPS receiver rate, the study
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on the interpolation methods considering the exact movement of an aircraft at photoflight

and the study on the supplement of GPS defect by INS are required continuously.

GPS-Photogrammetry, which are based on the direct measurement of the projection centers

and attitude at the moment of camera exposure time through loading the GPS receiver in

aircraft. This photogrammetric methods can offer us to acquire the exterior orientation

parameters with only minimum ground control points, even the ground control process could

be completely skipped. Consequently, we can drastically reduce the time and cost for the

mapping process.

In this thesis, two test flights were conducted in area to evaluate the performance of

accuracy and efficiency through the analysis of results between the two photogrammetric
methods, that is, traditional photogrammetry, GPS-Photogrammetry. Test results shows that a
large variety of advantages of GPS-Photogrammetry against traditional photogrammetry is to be

verified. Especially, the number of ground control points for the exterior orientation could be

saved more than 70~80%, and the cost for map production 30~50%, respectively. In

addition, it was convinced that the large reduction of control points has not any effect on the

block accuracy.
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Fe2 Fushs o Yok o AMME 4 STEE A% 2 guEds
g Aol AP AT BHoz BEF 29 APl g3 27 YIrE 539
GPS ARE Aeste] 7t Azel U@ F  RITE. Ackemrams), 1993),
RE ARtsla, #9 A AHEg =& GPSU} INS(Inertial Navigation System) T
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AYGRE H53e WE AAE0]l AL GpsE gFaAA=Ze] 2gYas 2
H3 0tk Direct Georeferencing®] 3 A& A AAo L7 e gurrgol
<E 1> i dMe FFe:
Type of Sensors Position(m) Orientation( ")
Aerial camera, M 1:5,000 0.1~0.75 307 ~50 "
Aerial camera, M 1:20,000 1.25~2.0 70 " ~80
CCD camera or scanner 0.25~1.0 17~37
Interferometric SAR 1.0~2.0 10”7 ~40 "
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Suwon region(1:20,000)

airplane

Cessna 208

flight velocity

300km/h

GPS receiver

Novatel Millenium 2000

camera RC 30
focal length =152.486mm
exposure interval 23-24 sec

arca

528ki(22km x 24km)

flight altitude

875m

ovelapping ratio

P=75%, Q=45%

aerial photo 126 sheets
strip number 9 strips
control point 110 points
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Strip No Distance Sheet Using sheets Using photo No.
1 23.92km 14 13 103~115
2 23.92km 14 14 204~217
3 23.92km 14 13 305~317
4 23.92km 14 13 403~415
5 23.92km 14 13 503~515
6 23.92km 14 13 604~616
7 23.92km 14 13 704~716 -
8 23.92km 14 14 803816
9 23.92km 14 not use not use
SUM 215.28km 126 106 106
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Fied) o 712 dd ZE VIEWS o AAW 2APe Fuolok
Mgl AT FTANEY AUz FYE ARe AIEREFS A%
245 & %, o9 AFE 227t (e o dAq=3T] P2E o835t ARl
Aew AFEe} G FEANZF) 7 LYW AdrEY, Y 2 F- 9
349} BE 7FsaA s Adagelth Q@J AAHLE AU B
FEzAWo| o5 Be zHe] FFE & GPS FIZANZTF 3 A H
L A NEY AQUTFEEAD LR Za 1:20,0008] 7ol & He) zw
g Wit Al s1E)el st 3 E5 W 7Y & dohlr] A% v Jﬂru*«]
o 9ol BW ¥ F; mF EFAAF JF HE NERAE FIAQt 2
gzl 002% o, YA B9 E AFHL A8s] AEH FBADS
D59 0M%elE Bk olth. o1& % ¥ YA 2FL T F, AY/FHY
Az AN < 49 RTHASSF  Fol wet GPS FFANS e Az
Ral, FTHVAUFA, 2005 FEAD  dlwsidch 2 A%e A% AL
PR, FFANEY AGRT, 2002, ol PEe oA (19 7L
AAEe e el B AAD 38 BE AW RETOIU, (17 81 2,
st HEZ ATe} GPS ATY AA/E 10, 8, 6, 470 7IEH 9 EXx=o|n.
<E 4> YESZHH 2F EE =Ho MEE
Scale flight height standard deviation(0.02%) maximum standard deviation(0.04%)
1:20,000 3,300m +66cm +132cm
<E 5> 2% uloll Xl HARS =
Check point X Y VA
1 204,703.291 419,220.681 50.705
2 209,361.494 419,087.560 70.077
3 208,756.220 432,078.272 51.160
4 216,228.695 441,776.237 328.779
5 217,457.995 440,909.673 238.833
6 222,579.732 435,016.268 43.860
8 212,570.784 440,456.904 48.157
112 219,215.219 420,998.807 92.269

187



Lea 4 e

&
=

|

ol

(22 8] 207K, 1074, 874, 670, 474 7|=8 &=

32.3 DGPS7IEd 53 A W =7 JEAGAE 2 FER)

of x|kt 7]E=79) GPS $AA L

GPS  FTARZZF  Aele Aol Fiulgty =&&zke) XA FHE3)

DGPS7|E4& AX|stojol @tk 7&d =2 §F7ld 22w GPS 4479 2=

< FE7I0A HEE GPS Am9 ¥ AAY ZUA 12 HoE ARE
2l Al mFPe R AEEY] WBe) 43 4215} tHwww.applanix.com).

188



4, Az}

0

41 HEX AT

AH8-8

& 3%

o A

AEsan. SHx
%

A

INGOE 0] -85} CHwww.inpho.de).

<¥ & [28 99A HEo] ZE 7]
FHA0H)E AEHE B HA

22 1:20,0008] A=A Zo] Hd A3+
g BEA713

20709 71EATHS o] &3 FHYA
9] @&+ 32cm, Slem=E, E&
o]-g-A] 2] 28cm, 46cmol] HI3l 2F 4em, S5cm
A= =7t Zadch a8 539
LAE d6emzE RE JIEHY ALQ
35cmel] vla] < llem A= AE=7F 7
A3tk U FIArEe nE S22
AHERE 7 -9f Hladte] 20479 V)
FHE AHBBAE ZolE VIEHY T

N o

<E 6 7IFF Fol w2 HARMS HHE(™EH AT)
Traditional AT
CP No.
- Sx(m) Sy(m) Sz(m)
110 0.28 046 0.35
20 0.32 0.51 0.46
10 0.42 0.73 0.58
8 041 0.58 1.84
6 0.39 0.85 4.48
4 1.26 1.61 23.8
“ |
i 1:20,000 AT 3
5 25 =
E 20
! N . \
' z " s ||
' 2 Lo xm)\
- }EISy(m) |
:. EIIISz(m) ’

(32 9) 717y ol W2 YA HEZ(HES AT

189



OR4 -

Wal JREE 2 9T A e Ao
2 @%@ + Aok

R AFHE s e PAE
of EEAAE HHEHA A= 42cm,
73em, TR LxH7} 58emzZ BE VI
24 AP E2RD vastel 3
seel Zasl FARS ¢ 4 3ok 7]
240 107 olgfold R7AFEE B
207 4 gonz A5H FEFANE

=
¥ deze Erhssith
8

2347} o]y

1m o]/bl-o]

<E 7> 7|=H

71273 9] ol 3 GPS AR 7Y =%
o] AF4E FHat AHestd <& >3
. olE3 ARE Ho AlAHoE #os)

A3l GPS ATo] Z-¢oll Wit 7|EA
Fo) @2 AFE [2Y 10]9) =48

N8
i

ol wE HALES FEZ(GPS AT)

CP N GPS AT
0.
- Sx(m) Sy(m) Sz(m)
110 0.29 0.38 0.19
20 0.30 0.44 0.24
10 0.33 0.58 0.54
0.46 0.51 0.66
6 0.31 0.59 1.00
041 0.71 6.05
1:20,000 GPS AT
1 T ey
0.9F"
0.8} - ]
0.7t~
: o 0.6l
' 2 osf ESx(m)
| T g4 = O Sy(m)
[ Sz (m)
0.3}
0.2t
0.1
110

(2

10] 7| &4

ol wE

dAlE el H&Z(GPS AT)

190



<E 73 [179
& AeE 7

101& A BE 7|&
459 AA A digk EE
Z o] 29cm, 38cm,
19cme] 1L 7153 2055 AHE§
Fdel dig J =7t Fdo] 30cm,
a7t 24emE HFd &2 10 20,000

on B o om

A

GPS ATY Ad}e= 7153 108
Ak} LJ_JJM
s 3HA YErth 7H
A5 649 73%0115

i %%H

foox b B R

|=8 =zdol 2ist ol
3 el gig Aste ¥ §&4E ¥
7bekaizt sttt o]l fste AdA=E #
| AHE FF7)d g & A5 2
83 AN A5E ASF3ES B4 9 4
o, =3 1:20,000 FHAGe] Fe AT
A ATS] 7% 110389 7|&50°] Has
Rovtk GPS AT 79 879 7I&3 9
N o7 HIAEE UEAE F 9l
GPS AR & ol&dte] FFARNSHS
B o 24 Ve £ V1EY By
Bt} A43g ZAaAIHME I35
A 1Eo HFEEsle AnE d& & A
ot 23E2R oA BFska e 7
&9 GPSFA7|E &7 =8t GPS
gFARESHS e Wo]l A=A 2 A
Hlo] o] a&4Y AoE ABoETh
HuEd

SEAYFRY, 2002, FIAASH AQUT
)=k 5], 2002, TR TA.

olzfg, 1996, “Untersuchung von Verfahren zur

191

kombinierten Aerotriangulation mittels integriertem
GPS”, DOKTOR-INGENIEUR.

F. Ackermann., and H. Schade., 1993, “Application
of GPS for Aerial Triangulation”, Photogramimetric
Engineering & Remote Sensing, Vol. 59, No. 11,
pp.1625-1632.

www.applanix.com

www.inpho.de



