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Abstract

Aerial triangulation is a function of deciding the geodetic coordinate of photo points used
for orientation by using aerial photographs and some control points. If these photo points can
be used as the controls for hydrographic survey, the hitherto land triangulation will be repla-
ced by the aerial triangulation. However, as we carried out the aerial photography only along
the shoreline due to practical and economical point of view, the image of distribution of land
and water is shown on the almost all photographs. Therefore, photo models and strip models
used for triangulation are obliged to become imperfect, so that we must consider several
problems on the accurracy of aerial triangulation.

Since 1964, we have utilized the analytical aerial triangulation in the harbour survey.
However, in the present time we are obliged to analyze and discuss the accuracy of aerial
triangulation carried out with the imperfect models from the above consideration, in order to
find the working guide for the future surveys.

In this paper, firstly the practice of the analytical aerial triangulation in our Division is
explained, and secondly, analysis of the results obtained during about 3 years is discussed.
Finally, we will show the results of the check survey on the controls for hydrographic survey

in the Simizu-Okitu district and the trial on the correction of the position error of these

controls.
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TABLE 1. MAXIMUM PLANIMETRIC ERROR OF CONTROL FOR
HYDROGRAPHIC SURVEY AND SOUNDING POSITION
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AT PAss POINTS BY THE RELA- AT PaAss POINTs CLASSIFIED BY
TIVE ORIENTATION THE LAND FEATURE

WHEHIX A 1 £kt VA — R — 4 o [
JIERER e R ’ 5 oo & m  |[BHER S I%H

A 7.8 | =10.0 | ASIA KPC-II (f58) T TR
P Einc 5.9 | 8.5 "o - BH 3.7 47| 3
W 5.3 | & 6.5 | ZEISS PSK (ff) HOH O . 40| =51 16
” 3.2 | & 5.7 | ASIA KPC-IL(fgfg) RO (i) 5.0 | .= 7.6 22
I 3.8 | & 4.7 | ASIA KPC-Tr (syp) HPFR 51| & 76| 34
B 3.1 1% 9.9 A e REEDOMA M (MIFD 53| = 6.5/ 16
HREPT 5.2 | & 7.8 A - HEB ORI 5.5| = 7.3 47
HWEB S 5.4 | = 6.7 Wk SRR DR 57| 58| 9
SEEEEE 1 3.6| + 5.3 Ak IR DEAR 58| =74 7
SEFHE 2 5.6 & 6.9 Wk A O R 58| & 7.6| 4
SEFE 3 6.2 | & 8.0 G Biss » S A OIRNDA 6.0 = 7.5] 22
SRR 5.4 | 6.9 Mk HEBE L ORY 6.2 =64 5

A B 3.2 & 5.4 Ak Bmof 6.2 = 8.3
LB L] 6.5 = 9.1 Ak I O DFA 6.3 = 85| 13
FEkiUE® 2] 7.3 | £10.0 Ak BEYY ¥ 708l | 74| =756 9

FiHHEE 1 7.3 | %10.0 A e HEEREORE (B) 10.0 | =14.5
T 2 6.1 = 7.7 Wk B8 R o 13.0 | =14.9| 5
LT 3.8 | & 5.7 Ak Ty B 8.5 | =10.8| 34

Ffo, SARA V- OBREHEIET, SRRV P OEOEINC X o CHEEENRS S, TABLE 5. (1%
DFERERTL DT, MIEFTANELY BT L, SAHRS VY b BT E80REL LT, Thy
ERT 2 EnC& s, 1oL, Rk, AUEH, SO, KEEEHOE OMITREh = AR oo
RRLE NI OTH D, Lichts TREFET SN @I= AR oy, FEo ks H10ToMRE L
PRERICGRSZ ENEE L, BREBEOTIE, W2 ST 5 AHOBEL BTN, AAREL v M
BLCRRREVEL > T A DT, SENIHFCEECT S DERS L, 20RR, Ehodky, B
f7C1L 60cm X0em D= VIR 3WE LT DDT, PRI NIDTIRAEONET LRV L., F
¥ 45cm X60cm ZYIh o5 &0, NEREACK T A EREHHREY HIEE L TR,

2) EEE#ERICHITS Closing Error

BRZAMEOBEORR L LT, —BREEEE ST Closing Error 28BS, 8, EE
HiEp{o Closing Error WEENE &l L3 & oMo HXHYEE TH 5 LAKE, FowThicbBLT
WIDWEER B R OTROBENE TR TS O SR TH 50, HERBCETE S 25 2 L, Bk
L UCHE-LH0EEED 4 S1LE 0= AR (T AR D R T, M OIS BIREM IS & &
i & LCd, BERETHEEELbRSL. Licils €, EEH#EHD Closing Error (1fiEfizedh=1
HBCRBNTIR—2OABRETH S & ZHOFMOEREEL DL OOFELTTLO LM SR 5,
Lirl, HoMREBENTFCH 2 TOMEOEEL VL LD, KBNBEOBATE T, EhEEOREM
R D AT B0, 2~ A2 FANREL LB ELHT. 0D —ROBEOHEE LY FO@EILR
S ERTFHS NG, & O HICONTIHBIOHCHOB <5 & & & 4%,



ON THE ANALYTICAL AERIAL TRIANGULATION 21

TABLE 6. {ZH7E % TIHET Ul @i ZATE O S Sh il B # AU et 5 Closing Error %
FHECHWDR ST 75 MEESCL Y HET R Tl > TERDT, S5 DOFEIbLNED
EZ2DRBHM, ThOOEEE L CRORTERCET BRI b0 LFEbRE. Lo, Th
B DEART X 5 WARERLBIS OV TIE, TRITEEED 0.334%,, EEo\uTid 0.178%, Cdb » T, HKERIHIE
TERTHHEL—INHRE LTV 2 ELbh 5,
—77, TABLE 6. IRPEIHGE Uiz & 5 1I© FREECBRT 5 LBbh AR, ORI &S b On
Fig. 4. ©» %, [, TABLE 4. & TABLE 6. ORI 5, B A1 v | OBFELEEE OmEMEEE
%, HECEEERLEE R Closing Error Of#fFER 7 r v b LICL DT, ZOENLHBEDOH DO KIEDH
HENDENTE D, KBMETEA 32 BEh=ANE ORBEITRITEE O 0.3% BEC K S L huf
IWDT, TORDIIEEE T ATV THEBEER TR - BE DA XA v b OFHE OEIEFEY KK
+£8 1/ e VEEKEIZADID LK, ROEREFEOMEL/NELTH L5 HECT > BERDB LW
25, BNEP=ANE OBECIIEOFETRC T AHEEOBEL L5 CET DR TH BN, T OHE
BT, B RREEE L AREO L OTH S L\ 5 HECHE ST 5.,

a2 )

3 KEHA

B

COBE Tn o TG AR EAME L 2 ROF/AEGTR 1 X5 KEHREY AL T 5, 2o
TABLE 7. OfEFERME sl % Closing Error &34 3 51c, TR DE%E T, 1%k o Helmert B X
BEH OWA~B0BRERT RS, Lnd, EFHEE L 2 — A 0ficabh b L Hi, FEECE -2~ A0
BCLRDEHEBIRAEH DL 5 Th . |

TABLE 6. RESIDUAL ERRORS OF ABSOLUTE

ORIENTATION AT MAJOR CONTROLS

e | v
K & e BO® F #
BE B, v %eof H = (%eof H
m m m
AR 3,000, 5|1.13| 0.376 | 0.87 | 0.290
TR HE # | 5(0.43| 0.1420.39 | 0.130
Y # | 4(0.90| 0.301|0.62| 0.207
ZHEEES 8,750 5(1.48 | 0.395 | 0.11 | 0,029
SEHEREES # | 4]0.90| 0.240 | 0.24 | 0.064
Bk #» | 510.50| 0.133]0.17 | 0.045
FEWEE 1 | 3,0000 3]1.83| 0.610|0.87 | 0.290
SEEWER 2 #» | 5]1.10| 0.333]0.10 | 0.033
SEREER 3 v | 41114 0.380 | 0.60 | (.200
oY # | 6]0.86] 0.287 | 0.51 | 0.170
ok B # | 8(0.63] 0.210]0.96 | 0.320
FEkLUEE L, ~ | 7|1.11] 0.370 | 0.51 | 0.170
FUEKIUEEE 2] ~ | 60.88 ] 0.293 | 0.44 | 0.147
FUsir! # | 7]1.59| 0.528|1.00 | 0.333
S 2 v | 4(1.18] 0.393|0.14 | 0.047
LTS | o | 8|1.07 0.357]1.10| 0.367
B # 0.334 | 0.54 |..0.178
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Fig. 4. Relation of Residual Errors of Absolute

Orientation at Major Controls Residual
Vertical Parallaxis at Pass Points
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TABLE 7. COMPARISON OF RESIDUAL ERRORS AT MAJOR CONTROL. OBTAINED BY
THE ADJUSTMENT AFTER 1ST AND 2ND CONFORMAL TRANSFORMATION

(A) CASE OF THE STRIP OF HIRATO
STRAIT (COURSE 1)

(B) CASE OF THE STRIP OF ARITA HARBOUR

K4 %%%&kio iff@%&k K4 i&%ﬁvio if%gfﬁk
HES 4X 4Y 4X 4Y HES 4X 4Y 4X 4Y

m m m m m m m m

1001 —1.83| +0.28| —0.14| +0.65 1001 —0.19 | +0.24| +0.18| +0.10

1002 4+0.15 | +0.07| —0.27] +0.05 1004 +0.22 | —1.17| +0.47| —0.25

1003 —0.06 | —1.51| +0.32| +0.33 1003 —0.56 | —0.12| —0.41] —0.23

1004 +1.72| +0.17 | +0.39 | -+0.64 1005 +0.53 | +0.76 | +0.09| +0.24
L (s =1.70™ +0.66™ gt mr #+0.95™ #0.45™

T RREEROBEOFIIMGE

AR X 5, b nE T LT 2 TEah 2 aRE OB IR — G KR OBERELHET SO L
Liczd, =i X b B UCBAERE R T o MBEBREROW TR, BERE S, BRI E
SRTWARWERTH S, SREh =AM X YRS 2 WERESOMBEEOWUL, BTFHICLST
4 L aNER, $icbb, simulation [ X o TAGDOHE RO 5 Z LIXAETH SR, REOBFICHTS
MEBHEZOPATE CEDEERI L THD EE2 DD, FOldicll, EELABAOEEDOE T A b
7 4 = FERWTHEA OFBACEIERECT E Lo bbby, BifEor s, Yoredb#linto
BIRNDT, HHOFTFA N 4~ FeBET 50, FRcEhZAaELFHT KB SWT, fof
TR oW T EZAMEBR X ) Zhed < v 2375 000TFhhOHE LMERG. 22T, bhtbh & LTk
BEOTPR LB L &L, BFEEREREURRARZLITTH S,

T Oy, EEEEEOMERE FFAREO L OTRTIELO RN R LAV 0T, Al LLEE
HEERE O 5 4 AR RTHRORBIE U ERIER T S WERD 5. 220, BEEE LU,
A 1005 2R a0 TMIOZZ Ay, WA ARC LY 8B LTk . WABEOHIR, &
3% 36F), ElEER 248 & Uiz, Fig 5. 1%, SEOMUEC T »ZaERERT.

W EMEC XD, Ba, Ls, Ls, Ly, Ly, Lu, B#OK KOHMEESHOTEHE S LOREHELL T
iR, FofE%y TABLE 8. 53, L, FARCBT A THEER X, Yo Offit: ¢=235°02"13.7 000,
2=138°30"56.7000 # {RZ% ﬁp&%éhhmﬁrlbk&t%aeﬁfmmmﬁﬁf%b,méfﬁm$%@ﬁ
LofitHn. ¥k, X, Y, H 3R CERFEALEESL @itz SRR LD RD o S O EE S
Y. FROBRBOBY, WE0%, o TVERESOMBRERY R T, 4R IACEERCRE LT
DC, FOEEFEEY £1.30m Thotle. BEHdEN o Closing Error OEEE[F2IL £0.66m TH % DT,
PRI S o P B, BN OREC, WEEER LEERE A OMIMLECHERTb0LELD
hahs, Zosecit, EEiiE Lo Closing Error 0f2 {5CH 5 & Epbbi oo, WERESoMBEHER
DNT, b 5D S LIXFEESDE SN 51, 4Y bbb, BEHRCEAR TR OEENAD
HACKENENS 2L TH-T, ZhiL simulation DFERMLIMERTESZ L TH DA, KEME I
% fRpiZeh = AR B % simulation 10O T, ﬂ@%r 35 0b D THHOTS ZRII RN Z &
&L,



ON THE ANALYTICAL AERIAL TRIANGULATION

Fig. 5. Triangulation Net in Simizu-Okitu District

NAB )

TABLE 8. ERRORS OF POSITION OF CONTROL FOR HYDROGRAPHIC SURVEY
(CHECK POINT) DECIDED BY ANALYTICAL AERIAL TRIANGULATION

23

HH R =AERE WA WE KRR

A4 X 1 Y [ H Xo Yo Hy | 4X | 4Y ‘ JH ‘ AR
m m m m m, m m m m m

B, |+1752.67 |+1930.78 |+ 5.93 |+1752.86 |+1932.34 | +5.08 | —0.19 | —1.56 | +0.85 | +1.57
Lo |+1194.51 |+ 994.21 [+ 6.93 |+1193.94 |+ 995.44 | +6.39 | +0.55 | —1.23 | +0.54 |+1.35
Ls |- 242.87 |+ 313.98 |1 4.88 |— 243.50 |+ 815.08 | +4.62 | +0.63 | —1.10 | +:0.26 | +1.27
Lo |+ 490.07 |— 432.09 |+ 4.92 |+ 489.25 |— 431.30 | +6.00 | 4+0.72 | —1.79 | —1.08 | +1.07
Lw |+ 18.95 |— 907.67 |+ 5.68 |+ 17.71 |— 906.52 | +6.15 | +1.23 | —1.15 |—0.47 | +1.68
Ly |—2239.95 |-1750.63 |+ 3.28 |-2240.46 | —1749.52 | +4.10 | +0.51 | —1.11 |—0.82 |+1.21
YO |+1664.94 |+1450.23 |+33.34 |1 1564.49 |+1450.68 | — | 4-0.49 | —0.45 | — |+0.67
41,30

8 AREBEROMEMIE
BREARRR X > TRDIPREE SO L oM ERE DK E S18, ZP=ANEOBECHRT 2 2 L1314
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Fig. 6. Distribution of Discrepancies in X, Y Coordinates at all Points decided by the
Absolute Orientation with the Different Series of Major Controls in same Strip
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Fig. 8. Distribution of Correcticn Values for Position Error at all Control Points

TABLE 9. RESULT OF PLANIMETRIC CORRECTION FOR CONTROL FOR
HYDROGRAPHIC SURVEY

R EREANRECIAER | W OE OB FRTEHR ORI AR MIEH O OB RS
=t X Y 4X 4Y Xe Y. 4X 4Y 4R
m m m m i m m m m m
Bn +1752.67 +1930.78 —0.3 +0.2 +1752.4 +1931.0 | -—0.5 —1.3 1.4
Ls +1194.51 + 994.21 —0.6 +0.3 +1193.9 + 994.5 +0.0 +0.1 0.1
Ls — 242.87 + 313.98 —0.7] +0.4 — 243.6 + 314.4 | —0.1 —0.7 0.7
Ly + 249.07 | — 432.09 —-0.7| +0.5 + 489.4 — 431.6 | +0.2| —0.3 0.4
Lo + 18.95 — 907.67 —0.7| +0.6 + 18.3 — 907.1 +0.6 | —0.6 0.9
Ly —2239.95 —1750.63 —0.6 +0.7 —2240.6 —1749.9 —0.1 —0.4 0.4
=i Y +1564.94 | +1450.23 —0.6 +0.3 +1564.3 +1450.5 —-0.2| —0.2 0.3
PR +0.63
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