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Terrain Photogrammetry

—Its Application for Measurement of Ground-surface Deformation—

By

Kashiro NIsHIMURA

Abstract

It is quite difficult or impossible to measure both absolute andfor relative amounts of
movements of many points on the land surface which is in change due to various surface
deformations such as landslides between desired time intervals by orthodox ground survey
methods.

Although aerial photographs and photogrammetry may be applicable for the purpose, we
usually could not get large scale photographs enough for precise measurements because there is
limitation of minimum flying height. Thus the author has attempted to apply terrain photogram-
metry for the purpose.

In general, it is considered that an appropriate number of ground control points, whose
accurate geodetic or local coordinates should be given at the time when the photographs are
taken, is indispensable for the photogrammetric measurements and mapping. It, however, is
very difficult or impossible to have those control points spread over the surface on the fastly
moving land masses of broad area with adequate planimetric arrangement. For this reason,
analytical solution from the measurements of photographic coordinates on the photographs
whose camera positions, strictl\j the local coordinates of the centers of projection are given, is
discussed here through the paper.

For the experiment, 21 of target points within the area which comprises landslide
mass and three pairs of camera positions in the opposite stable area were selected as shown in the
figure 2. And observation platforms which are convertible to target platforms are installed in
each point as shown in the figure 3. For the forward intersection measurements, various con-
stants of the phototheodorite used are calibrated and those were put into analytical solutions.
During three years from 1967 to 1969, total five observations were carried on with interval of
one year or half year.

The results obtained through the above-mentioned series of experiments were checked
in comparison with the results which were gotten by the ground triangulations carried on with
above photogrammetric observations. The discrepancy between both results was 107-166 mm
in term of mean square error through the five experiments.
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d |— 3,065 2,744) 321 103] 260,110 259,942 168 028 141,938 141,955 017 000
g 71, 563 71,703 140, 019 210,273 210,337| 064 004 110,884 110,876/ 008 000
5 32, 593 32,572 021] 000 261,594 261,490, 104] 011] 128,072| 127,782 290 084
j |— 6,262— 6,204 058 003 311,870 311,731 139 019 143,102 143,086 016 000
7 145,701 145,906 205 042 344,209 344,116 093 009 100,218 99,963 255 065
c 57,753 57,8411 088 008 364,027| 364,061 034 001 125,446 125,175 271 073
h 104,299 104,411 112} 018 377,604 377,609 005 000 107,245 106,848 397 158
b 147,089 147,281 192 037 441,566/ 441,423 154 024 114,183 113,895 288 083

- X2
Mo= % '\/n__(n—l)

Mp = =36 mm

Mg = £25.4 mm
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Mo = +46 mm
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B 33 om ffE 28.5 cm OHIINE 5TV %, =AH
BEOBSE LT vy y OSBRI PRigRR
DFED B\ ik, HEORETHEH, TRTHIFEOR
B L2 EDEERL TS,
oz aEmk it v, ZToRERE=
RU— B2 CHERTH I EPRBTHE LICERT S &
ZARKTHBIED, BETOREBENMD - IfERE
CrebntELS,

1.2 fBERLOARERE

BECOVW TR LI BT, THIHBEITRITS
HENFRSBILLIIEROEBEORRTHL 5 5 L L.
Tro LBLEMRS, ZOXTHERETTELRVLD
PORENRD 5. T, Zomi > THEicfh T
Tz,

EFEMCELONG Z LT, HBRLEREIIRT3
BHHA T OB FORENTH b, ZHiIZEEREORAE
HRETLH B,

B (EREDEE)

ERIC bR TS L AT, = OFEIEEK20
LRETIE0DRTC S, WER D I R IEEE165mm
OHATERCTRBE LT 5L, 12725 300m
DRI B 5 E 0T B 13 E BRIt L TR KE24mm i
Etasz iz, ZORANOREIERBLRTH
EB o, ZOREOBRRIESHOEEL LTERSh
5L1LTh, SANBRORELEENEOREEZILEL
THIEE O, PEREE (M) i L s = £36 mm,
y = £254 mm, z = + 46mm & 7L PRI\,

IORED1I-2LLT, BPERPELbNS. T2
bbb, BEEBEMHENETHLLBR2X 2T, EH
DU 1T OB DS NEROHIEMIC K & pEY
HzTw3, 20K, 20OW, k&S, &%, WHIES
DIRPEEZETIZLICE ST, PRVEERShSD
DELEILRS,

X5, 20X RAENDTRCIEETSRE T
DY, BBEHPRELDLDE VI LEBNTRAEDLR

e

®5 5% = % BE — B % (B4 mm)
s 492. 58~11H4 49,11 ~43.107 43.108 ~44. 58 44, 55~44.111
" X Y z x Y z x Y z x N z
2 — 5 — 5 — 9 — 9 — 10 — 4 — 2 29 — 929 6 8 3
3 - 9 37 7 47 3 — 61 56 75 40 12 16 6
4 8 70 — 29 — 15 34 — 14 18 8 13
5 4 — 9 — 10 479 45 — 180 37 80 — 13 — 2 20 6
6 — 8 — 2 27 528 4 245 11 58 5 14 46 4
7 - 29 40 284 — 73 95 73 91 12 7 32 8
a - 19 — 4 24 10 15 12 40 27 15 0 6 8
k — 20 — 6 35 24 39| — 5 30 39 — 26 16 28 7
i — 4 — 7 48 44 6 — 50 59 91 — 13 21 28 — 3
c 100 — 92 35 633 39) — 113 67 94 — 21| — § 20 3
b — 4 — 36 40 135 49 — 5 75 o1 — 12 — 2 22 2
d 5 5 19 174 91| — 49 31 971 — 16 9 18 2
r 5 7 — 251 — 38 44 270 7 15| — 15 BikTEoHH#E
e 8 16 23 65 4 — 8 390 — 100 — 8 9 6
g 58 3 10 45 18 14 12 — 3
h 650| — 74/ — 103 83 105| — 23 1 — 24 — 1
i 461 169 — 246 17 106) — 34 25 200 — 6
m 133| — 26 — 7 26 44 — 6 — 7 17 13
P 51 — 18 — 11 4 28 — 9 5 5, — 3
n 51 49 747 — 57 44 18 8 — 4 4
q 47 2 13 54 150 — 53 — 35 g — 100 — 11 1 7
£ 25| — 11 18 24 17l — 7 45| — 15 — 12 — 73 — 32 6
b’ 104 23 24 HRTEOLDEE

HE 0 REMSE10 A ORIER ISR O e Fifcic gL I,
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EERHN, BERPIZET bRAELRESIE2WT, =
AR X > THIE SN A HEHRZ & 0L ghE L &
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FEIRE %5 L, FLEMOFSICERTELEHOF D
EHREEIEDLD TSV (ESH) . EREIcfET
5d, No. 5, j, ¢, h, No. 7, No. 6, b 0K EFHEOEE)
Bi2H5L, ThZNWESRIZERZD B3R TFH LR
RHAEERLTWSED,  ZhicH U TR OE R
DENEABRITH B, TE, dSHEEEY No. b, K
OEHZISEREILICEIEELOREERA LR, Th
LR EED TUEOEEABRETRY 20b /TR
VLB LPHALLTH B,

I HHTRYEEOL S OEHEZ&HEIC RS
&, BFILA»BE4MEILR w258 1 EFIC b
2 EbREL, BREDEEBI LTS, Zhbok
RIEGHLHBZ L, BRHOS A bILA £ TOMOE
BRIVEEH @SHEEh) OLUAPLS HETO
TRBRRRKREVIICHADBNE, LHLERD, T
BYRER L UTHBRRO X 5 IcB R A T 2RI
HBHZ L, BIUAKEFRICHT 2E8FHRIC—EDE
AgERS2 X5 IcAbhbZ b, IKhhHCEHiNx
BB LHEET 2 DI I Tth B 5,

—HEEFNOLEEREEZ 25 L, HTY OFRBIch
B3 3No. 6, No. 7, k23282 WL T2xh2h 281mm,
155 mm (HFAICES), $TabbBELEsTw3, HicH
FTRYOPEP L EF BT S d, No. 5,3, ¢, h, »
BRPOFRTrbL, IWTFLTW5, DR TR
RIZBWTRATHY, 24 EE U T 286 mm i
L, dRIZBWTE/MImmTH 3,

13. # =®
MR IV 5 HRAEE OB W E B S 0L BiE D
HWEIC>WT, MEEENEOAEZEZ, BES IE
CbitoT, MR EO T &3t L Lt
EMEZTER, & QBB OBENKE < K 23R

#2) HSRERTRLTHEOE, ThdDOFLOWT, FEH
BiZk > TR bhie, S£REHMHI L OEBRTD 5.

(FEoak £ 9 %)

bl s, TEE» DESRTREEC X 3[ER
BEELELDTEDTHY, POEEMNTH S5 L&
%, TOFEEELERECOVWTERENX .

ZDDIT—EEREIT Lo TEHIE 2 n R E
&, —BHEBOBRZEREERL, EE0BRGHEER
—kZT 3L EEBRHE L. SOKFABEEREED
HTEREL, FOEFHEEML L TERFEICEAN
Teo BERICY - TEOD EBM=ARELTRY, &
HREI X 3HEORKE 2SN Lz,

ZOFRER, iS5 EIOEREBC CZANER X 28
EHELEEANRIC 3T L OBSEIIHEBEECLT,
+25.4~46mm ThH 5T, ZhEr £52mm PIRNIZHENT
XBRFBLLE ORI, Lied > T—EDRH 4 B
2, ThEBXTEET 5 X9 G+ %R
HTEB,

TEREE SR ICECERIE, BoFkick-TH
BOREEFRICHET S LIIRAETHY, 20K
Bz X BT,

F I E IR NI e B EAITIE, BEDOH A
TEEBLCEERELVETDY, T, boHEH
MFEZBE N ERBIET S X5 kBEREOFEN
KEW,

Thbb, ZO%xEOMEECEROCHREREEE
AnBE, 3OMBS LOBRELRSTETHY, EE
IR OERREBRIICIT R A PEEBE LER SN TE
Y, ZhEFBATIIE L IRIEM4BIAEHETE 5 RE
LAELRTV B,

ZOERICI T, HTRDICXBMBOLE S x —
VIE—oDHEERL B Lz A LHBA L, Zhizow
TRBERD THE L,

(BFI424E 5 B, 454 3 A #%E)
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