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Abstract

In response to issues such as incomplete image information due to subject obscuration, and the aerial
triangulation failure of merging imagery from different datasets, this paper proposes a comprehensive
method for image acquisition and data processing. This method optimizes key techniques in image
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acquisition and multi-source image aerial triangulation, and gives the full information image acquisition
method of aerial multi-view oblique image plus ground-based multi-layer, multi-angle close-range im-
age, adjustment solution method of stepwise integrated aerial triangulation. To validate the effective-
ness of this method, this paper conducted a study focusing on a complex ancient building. The full-infor-
mation image data was collected using a Phantom 4 RTK drone, and a combination of ContextCapture,
MicMac software, and programming languages were employed for real-time three-dimensional recon-
struction. The results demonstrate the superiority of the method compared to traditional modeling ap-
proaches in terms of positional accuracy, point cloud deviation, white film structure, and preserving
textural nuances. This method effectively addresses key challenges in digitizing and realistically repro-
ducing complex construction, making it highly significant for modelling complex construction in smart
water resources.

Keywords

Full Information Image, Three-Dimensional Modelling, Oblique Photogrammetry, Phantom 4 RTK,
Complex Construction

Copyright © 2025 by author(s) and Wuhan University & Bureau of Hydrology, Changjiang Water Resources Commission.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5]

Bt R ROKOR R W e, — 4 BOR TR KR A itk A 3 1) AR O TH B AS B T2 B, (AR —
G ) Bk A AR R 1) CAET 2 UREOE R TR R A T S — A e R R, Jo AL A R AR R R T s R A
e B IR AR ) = Y EE DS E  RR1]-[3]: 2) FEJS AL ARFERY, T 2 URERE AR R 3 HEFR AT CMOS
BRSPS HARE R ZE R, TUAE S =M SO AR UL S T, AR AE 2 = R S0 SR ML DL B DT C AAS A2 1) 17
57 [4]-[6]-

BEXT BRI, ASON 22 IR A R AR 2 AR 2 = M H W DO R R AT T, Al T —Fh (s B
52l & 77 7% (Full Information Photogrammetry, FIP). 25 tH I F A% 1) T2 AERIEZEMhm 2 2. £
FEER 215 B R T2 AT B R AR, %07 LR AR U I A T AN PRI 4215 Bse g H A @AM 2) &
F oy D RARE A 7 = 2 IRAR T =R T, ZONEERERIE T =M R E 55, NReitm B A dm
I =2 AR i &

2. FRXHE

AU T AL A AR TN G, SRR WS 1 R, H@mam a8 xCHE Bl R
%), Wik [ BRI =g ) 2 UM AL, ASCLL Phantom 4 RTK B AN EEAZRBUCT A, Bl A
1 ContextCapture fll MicMac 31 K gufEis 5 T ELIRAL R, S0 IEA IR ik A 2, AR @ s
RUFARSH .
3. 2RRRBRERZE
3.1 ERESUMBRERESE

FEBEAT RAR R A AU 75 ZEAR I D B XIS B PR 5 M H AR DAL, BEE AT IR BE S A1) B 8 M1 55 [ B

B,

ik

DOI: 10.12677/jwrr.2025.146069 641 IKBIEW T


https://doi.org/10.12677/jwrr.2025.146069
http://creativecommons.org/licenses/by/4.0/

RT2E RN ETNEM SR =Y

1) RIS
T 7r Hr AR T RAAR R o e T, MBI PSR BUE AR, A FEAE JTRRAK[ 7] SR EEARYE
FEREFAR B R, R A iﬁ(l)j?tHAﬁE’Jﬂnm
- fxGSD/a )

Horb, Ho R4l {25k, GSD &Hima#HiR: a REMRBITRT.
2) HEEAL IR TR R R 55 [k PV EE B S

. H(1-P)

P,=1- . )
B Hx(l— Py)

R —1——H0 3)

113° lll'10"?J:\ 113° 1%'15"?}7\

I
33°49'0"Jt

33°48'55" ]k

] siaxg e w#ks
A fEmlm 01530 60K

1. RE#R

32. WEER. ZABERVEGRESZE

W TR SR A B L IR, TEAN BRI SRR BOR T4 23 Bt IR S5 T 2 S0 (A 4] 2(a) it 1X 35 A
B OUIARRIEAT, BRI N 2(0) Ay B #853), i LA AL 1% S = SRR N 7K

N T IEPAASEIE AR RRIUR A, ASCE T — M 2 2R 2 M RE SR SRR TS, BMCRAETT ik
i 3 foR. ZIT SR AIXUR AT, AR EBERSRECR 2 R 3R T7 30, AMZER A 58 m B B A
Ji ke

DOI: 10.12677/jwrr.2025.146069 642 TRV TL


https://doi.org/10.12677/jwrr.2025.146069

ET2E RN ETNEN SR @ =Y

7 i A \\N

/ I (i \! .
7 RSN
2
/]
/]
/]

HuTHT ;

(GVREIE 21 o h (b) R
2. RAHGRRHRR M ERREA
A T T
HuTH

B3 thEZRE. SAELRFBRELE

AR L B RNZRREINLE A E . HE, ASCEESA ST U — AT, T3S AR KT
R — AP, HARQ@)H, BH, =H K, P =R, MERNERXEZZIALIRESE. Ll A
IR (RS H P AU F L) BT I B B 5 55 ) S8 P W) W /e M L 2R, SR, 70 IR A 5 (4) A
O3 3(B)THIRL HH AT 5N 2 S5 A B B 2 A (1) — T AR 48 AT 0 P41 S5 28 ) MURH B 7 Ay R R R (R B o i)
MRPEE IR T8 L m R A i R AR X o Jm,  ARAEREE X TR . SRR AL AT [A] B A 4
ALE, THHRHREIE SN ERRRERNL R E .

RIFFRR LK

sz(l—qx):HleX @
SRAFFTLR [R] B -

g (oG )xHixty ®

y
f
Horb, o NIRRT E AL, g ATIRSFREEL, Bl X SSHIBE IR AKEE; By 2 St L ATZL ARG

DOI: 10.12677/jwrr.2025.146069 643 TRV TL


https://doi.org/10.12677/jwrr.2025.146069

W aE R NE AN SR = g

MITERE s LR BIRKE: L 2RI Hi2WERE SR EmIEE; f 28knmn.

W 2: IEFENEZMERARRE . R DI LU E R L S E, PRI SN BB . T
BN EEIERH 2 BRI %, 5222 M ERERIEE 3 R), RELFHENZNE 1M 5>
AR PRI =N AR Horb, SPAFIIN A IR AR, 35 0°F1-15°, MtfaEZHA, MM
52 ETFURE, MMM 0°F 15K 5 1 E, M 1 ZH5E 5 ZRIGEN, 6 ZE5H n JZHERH-15°,
0° 1 15° =M FER AR ¥ -

WIR 3: W IESANER BT SN E . AFREBIRE R IR P 2 0 KK S BUASICEILRCSE i #[8]
Bentley ContextCapture & /745 tH AN FIEHE R ISR 73 HE 2 BE R ORIEE 5 5L . B SR SR B 0 %
ZEIAE S RECAIET,  E A 2Q(1) M /3 e SH0ERRE B DS R A AT, T SRR AN 2RI B (Ho) N A URHI 7 Ho 1)
1/5 531 5 fis 2 8], [RI U RIZAE T 5 A JZ R IREERE B Hy 16 1/5 581 5 52 8. 111 Ho > Hio (R, NRKHIHR
B IHMER AR B (Ho) PG IR B AE 1/5Ho~5Hy [ FFEsBR 1 A Q5 s 542 SR RS s sy B

WU 4 TRAMNEARRE . AREIE 3 MR B INUE AL E, BTN = & A EEHEN-30"RESHE . R
S SRS ZE B H R 5N JE AR R B B — AN AR E R, (5 U k& 21— e

FIF 2 Z RS + 22 2 MAE RIS, Reii 2 2 ISRl & = 4k e AR
B AR R A5 RRAR S5 T7 B i 2R
3.3. REFMNF®

N TR AR SCZE H ) = AR VE B, AN AN J5 T AT = 4 S0 s A i B VP . EWT
M MASEAY [y 11 58 235 K RSO0 T P AN 7 TR BEAT 208, AN HAR 7 VR AR A B UL, SRR AR SCAIT A 7 R 1 2
B . AV DAY S5 25 5 H B e R A7 (K B AR Ak A A A AL BERS B  S w2 = N AT b
L R S L S A 2 s AR RS R F S A B AR BRI 22 B, SR SREUR £ A5 Z J7 A 1115 22 (RMSEZ)
XY V15 2 (RMSExy) M B K% 22 RMSExyz, A 3 IL(6)~(8). i n AREAME 2 55 A0l &= 8L, (X, Yi, Zi) /2 GNSS
TR (PR 2 A B | VR R (R B ARAR (i, i, 2i) P2 BB AR b st A7 B (A A o

RMSE, = —z‘-l(zr‘] ~2) 6)
RmsawzJZXA&_xﬁ_“M_“) W

Zinzl(xi - Xi)z +(y; -Y, )2 +(z,-Z, )2

(®)

RMSszzJ

4. KSR
41 2EERERE

BUY T 2025 48 6 1 3 F5a, HEERTIDN S FEFRT Sy, KW, B, BEILEEN, BPAK LS
B, ARTARECN, T ALK

411 ERZMEMPIERE

s (RS ETHIEERMTE) 20K, R G AR LR BB /NN T 53%; 5517 SR B & i/
JS/N T 8%, AIRSLIR TR 60 m,  EE iR = Rl AT R 38 me IRGEASCHE S AKX QM AK(E), HHE
FFRNTRVCAT 7] 3 B AR /N T 70.23%, S5 1A EL& AN/ T 41.73%. ZMLERTINALL:, ASCRATA T EE
FEBETE Ny 80%, 55 A Tl HE B S 70%.

DOI: 10.12677/jwrr.2025.146069 644 TK BRI 5T


https://doi.org/10.12677/jwrr.2025.146069

ET2E RN ETNEN SR @ =Y

412 WEHZBERE. SAELREERE

XTI A BRI SREL,  E RS 1 1E Phantom 4 RTK L AN, KM ZELZMEMER %, hit
AT E o T A2 TR AL S B 80%, T 5% Al H B 60%, 115t N JE R RIRAEIE R H ol 10 m,
AR A RG)HHAML RN T E N 4m. BHE 22m, #ILTERE S ERG80E. BHNEBIEN LR TN
521, B 12 BEANIEGAEREN-1—MHEESINE. 625 BaGMAEREN-15"F 0" 4
FAREE A, B3 2 B EMEREN-15. M =M E ST, 42 BEEMEREN-15.
0° Al 10° = AMAFE e 43R, 28 5 J2: Ko 6 MR E N-15" 0°F1 15" = AN B2 f AR MBS Ho A 60 m,
1 Ho i A2 1/5H0 < Hp < 5Hy 25 FATHEH 12 m < Hp <50 m. ASIRSZEKG Ho %0 26 mo 54 (s BANZEE A KA
SE B B AR T, ¥ Phantom 4 RTK 2 & # JE # B h—30° 2 M.

4.2. GRS HT

421 BEMNERSH

AR £ 75 5y HA B 1) RS 7 6 R ) K B A0 Ay R A PR, R B R 0 s 22 = A 7 AT 8 e, iE B
AR = AR ATV S

1) FERK AR

{5 A ORI R T T o BB . BRI SR SO (] 4 BrzR)3EAT 1 il A0 & m i &, it
FRERY F AR A B EXS B, SRULHIEE T FIP MRS, Auh (G E SRR g R 1. 450 E
TR: FET FIP Ry R TR 2 T R AR SO R B KR 258 0.023 mo MR A ( S 4EHB IS SRR B > i A0 YE ) (CHT9015-
2012), ARUKHZEIMIBIAL R IR T RAEE I | SR R A IR R

E 4 ZHRMEFENE
= 1 U SRBERRE

Hdfa A AUH S A Fm R ) 45 S /m WM
WA KE 4.236 4.221 0.015
WA R 3.074 3.097 -0.023

LA B K 1.586 1.595 -0.009
LEAF B % & 1.189 1.177 0.012
MR C K& 5.231 5.208 0.023
1R C T8 1.845 1.859 -0.014
WER D K& 4,937 4,920 0.017
FilR D 98 5 1.790 1.810 -0.020

DOI: 10.12677/jwrr.2025.146069 645 IK IR FT


https://doi.org/10.12677/jwrr.2025.146069

W aE R NE AN SR = g

2) tuf i B

FRPE A A0 SRR e, ARSCER 5 MG 11 M E AT, Wl LR, BN A I 5 AR, SR
iR 2 5L G R HE I B (Oblique Photogrammetry, OP) LLHE, MG S A7 BAS B SR IGAIEAS SCHE HY 7 v A 25,
PRIV 45 R LI 5 o o 85 R3] KL 5 vh, ATRAWT R Y, FHEE T OP, FIP Y 7E RMSEZ Al RMSEXY
J7 TR B R 0BG, R s 2 R s A B A T @ SRS N A ER AL E

T T T T T T T T T T T

201 |—m— OP_RMSEXY ]

1g [ |- FIP_RMSEXY
L |-a— OP_RMSEZ

16 |- |—4— FIP_RMSEZ

- |—e— OP_RMSEXYZ

141 e FIP RMSEXYZ

Jo1 Joz JO3 Jo4 JO5 JO6 JO7 JO8 JO9 J10 JI1

WA

& 5. RNE)ARAEFEEIILE

3) malwmZENRE

AL, OP RV AEICEAR BN S NS, NE s mZRAE ST FIP BT, SRR S
TRZE A 25 AN 6 s . BT 45 R o, FI ] OP A5 78 25 SR UL ) 14 2= By 536,424, Hoh w2z 4a%HE 7 0.35
mm LAN B BT A BEERT 43.94% . FIP AR AL AR DURAC SE 19 20 1) sl = i 599,113, A ffm 22 4 X
/T 0.35 mm 1 s BT A ELE AT 59.37%. 45 IREHT,  FIP RS %5 A2 DU AN R g VTG HH 2505 58 2 1) [R] 44
Bori, WikE 7 EILE AR

*ﬁ*ﬁﬂﬁfﬁ%ﬁﬂiﬁw m0035 m0350.626 W06261075 W

>1.075
OP HERY £, 25 1 22 A% L 43+ V08 BB VA A R o 107
e |
FIP BB 5 25 (22 48 40 A W BBl PO R 2 i A B 087
I 0HE 4 A5 Y5 /om OP #2%! pi = ¥ /n FIP BB S 7 i /n

0-0.35 235698 355698
0.35-0.626 257126 211286
0.626-1.075 37859 26894

>1.075 5741 5235

E 6. TERE R mEN I

422 938, BEAHSH

N T BB SRS SRR, SO 1T SR AR SO DA R ST T A A6 e X A SO A Y
FBAETT @ 5 OP AT A bE, 1EM FIP @ BTVARIIUEANE, AN FT7VE MR AR LIS 7 o, ANIA]
JHERR R LA 2 foR . S5300oR: 1) fE ARG, A SCER 7 i i AR A e B 4y 1t 5% L i
FIAERE R, 565 OP JERT i IEALIE A 1 S BIXT LG . 2) OP 7528 i SO I I8 5 1) = e AL (N T 45 5L A
FEPRHUAN e 38 H AL ™ AR B, A SCHR 21 1A 75 35 3R ) S SRR R 22 iod SO U ) i ) = 24 R 2R ) i 135 05 S A

DOI: 10.12677/jwrr.2025.146069 646 TRV TL


https://doi.org/10.12677/jwrr.2025.146069

ET2E RN ETNEN SR @ =Y

SUEANT MR, WA RIE AR O, AR EIR S, R RS BB E S, R,
RETH 2E M7 2 WA P 35

(a) OP 7! (b) FIP 57
& 7. EBVEEOREXTEE
2. RETERTEL
o AR [F 7 B B AR 7 0 SR
L

OP ZUHRUR FIP FER SUB R R OP H (AR FIP R (AR

L, S )

A

B
£

I

DOI: 10.12677/jwrr.2025.146069 647 TRV TL


https://doi.org/10.12677/jwrr.2025.146069

W aE R NE AN SR = g

M BRI A SO AT, M ERE . Aoz, PR SUEEANST LA )7 T # R DL
.

5. &

AILLAEE RGN RS, W T HERERS R S E RN ARG NG ERGRE. D RARE
EREZANTTEET, SRR T OFIP AT R, S BURSg: 1) FIAE SRR + i
2R ZAENEEBPMERETERIGERY &E SRR, Mok 7 AT FUE IR B S S S0 i 20
RGN SR = B @R O T B R 2) M PRI G E =HT ER AR b
TRAEA A ZAE R MR 2 =R &, RIE T 8RB AR E M. BT FIP M =R . 808
A, BEECSEHUD SR B R H KIS SRR TR EE SR L, ff ok 1 2R B BB b, SE AL
SRR, N BUKR R IR HY R SR .

Sk
[1] WANG, Y.-M,, YU, S.-Y., REN, S, et al. Close-range industrial photogrammetry and application: Review and outlook. Pro-
ceedings of the SPIE, 2020, 11568: 1156800.

[2] HU,C., PENG, D, LV, F., et al. Application of Terrestrial Laser Scanner in engineering survey. IOP Conference Series: Earth
and Environmental Science, 2021, 783(1): 012084. https://doi.org/10.1088/1755-1315/783/1/012084

[31 AHHE, 7k, X2 FR=4EB0s R ERRR T EF IR ], W4k, 2022(S2): 122-125.

[4] HUANG, C., ZHANG, H. and ZHAO, J. High-efficiency determination of coastline by combination of tidal level and coastal
zone DEM from UAV tilt photogrammetry. Remote Sensing, 2020, 12(14): 2189. https://doi.org/10.3390/rs12142189

[5] CHEN, X., PAN, S. and CHEN, G. 3D model construction and accuracy analysis based on UAV tilt photogrammetry. IOP
Conference Series: Earth and Environmental Science, 2022, 1087(1): 012047. https://doi.org/10.1088/1755-1315/1087/1/012047

[6] YAO,J., NA J., MA, R, etal. The key technology of oblique photogrammetry of assembled buildings by UAV. Advances in
Multimedia, 2022, 2022: 6267403. https://doi.org/10.1155/2022/6267403

[71 #BE, 28, EW. T4 ERS ML =4 EEU T[] WZER, 2021(S1): 144-148.
[8] 7hiie, g, BEEME, % FHEZHIEEHMAHEARERUMA S EZREZWNAN]. WL@EEKR, 2022(1): 121-127, 132.

DOI: 10.12677/jwrr.2025.146069 648 TK BRI 5T


https://doi.org/10.12677/jwrr.2025.146069
https://doi.org/10.1088/1755-1315/783/1/012084
https://doi.org/10.3390/rs12142189
https://doi.org/10.1088/1755-1315/1087/1/012047
https://doi.org/10.1155/2022/6267403

	基于全信息摄影测量方法的复杂建筑三维重建
	摘  要
	关键词
	Three-Dimensional Reconstruction of Complex Construction Based on Full Information Photogrammetry
	Abstract
	Keywords
	1. 引言
	2. 研究区概况
	3. 全信息影像采集方法
	3.1. 空中多视倾斜影像采集方法
	3.2. 地面多层、多角度近景影像采集方法
	3.3. 质量评价方法

	4. 实验与结果分析
	4.1. 全信息影像采集
	4.1.1. 空中多视倾斜影像采集
	4.1.2. 地面多层、多角度近景影像采集

	4.2. 结果分析
	4.2.1. 客观定量分析
	4.2.2. 纹理、白膜细节分析


	5. 结论
	参考文献

