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Evaluation of Efficiency and Accuracy for COLMAP-

based 3D Reconstruction through Inspection Videos
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(1. Department of Civil Engineering, Tsinghua University, Beijing 100084, China;
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Abstract: Indoor inspection is a crucial process throughout the entire lifecycle of a building, while
image-based 3D reconstruction provides a cost-effective and highly flexible solution for its
digitization. Multi-view geometric reconstruction algorithm is widely adopted due to its
productivity and stability, yet its reconstruction efficiency and accuracy in indoor environments
remain unclear. Therefore, this study employs the open-source tool COLMAP, conducting 3D
reconstruction experiments on seven typical scenarios using inspection videos to reveal the impact
of factors such as image quantity and overlap ratio on reconstruction efficiency and accuracy.
Results indicate that: 1) Relationship between reconstruction time and the number of images follows
a power law with an exponent of 1.15; 2) Reconstruction efficiency first increases and then
decreases as the image overlap ratio grows, suggesting an optimal overlap ratio; 3) Geometric
accuracy of reconstruction using consumer-grade cameras reaches centimeter-level precision, with
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scene-specific errors minimally affected by reconstruction density, and the mean absolute (relative)
error across different scenes is below 3 cm (4%). The study reveals the general rules of efficiency
and accuracy for 3D reconstruction of indoor scenes, offering guidance for optimizing image
acquisition and application in indoor inspection workflows.

Key words: indoor inspection; inspection robotics; 3D reconstruction; COLMAP; reconstruction
accuracy; reconstruction efficiency
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Fig. 1 COLMAP-based 3D reconstruction process
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Table 1 Comparison of parameters and indicators in region A, B, and C
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Table 2 Reconstruction error under different point cloud densities of the same scene

Sl 7] b 10 HEK M E BEAL | HK A8 P35
&) T10 Ajo(cm) €10(%) n A1(cm) &%)
5 14.02 1.07 1.53 13.98 1.66 2.47
10 12.84 0.79 1.26 12.84 1.53 2.14
20 12.79 0.43 1.37 12.71 1.24 2.26
30 12.42 0.98 1.70 12.39 1.37 2.48
50 14.20 0.94 1.72 14.22 1.42 2.62
75 13.36 1.97 2.49 13.42 2.47 4.02
100 - - - - - -
Ty 1.03 1.68 1.62 2.67




AT A
[}
5] =m0 5
4 4
A 3 E
e
B B
L v
1 ‘\ 1
o o
1 1
iR iR
wasm

9 F—5ARIE f o8 T R IRZE AT
Fig. 9 Error distribution of 3D reconstruction under different point cloud densities of the same
scene

IR AR R = T A0 TLARDRS X T AR B A R B R I s
XTEE, REMS R DR = 4 B 0 T SO AR (0 Y DO A A BOR KR RE )y, XS RIME R
R R A, WIRRIRE RS 2SR REAS 15 20 R, TUAS 200 B i) LTS LI A
W, X RIS COLMAP H13£T SIFT S5E5EIEAT FUGRHIE s iU R = B2 5
3.3.2 FRRZHFAIUTHE

WA 5, R L R N A B A AR LR T SRR FoR R, 3L 7
MHFL R ADHERT 7 A0 10 AR EM | AR ERIRZES R W&
DLW, EAZREE = ERRNLAREN cm . A 10 EREERATIER, 43R
ZEFHE N 1.29 cm, AAXIRZEFIIME N 2.27 % HH 1 A ERAT AR E HOXF REFE AR 433
2.29 em 1 3.49 %. [E 10 X HTA S E@RIRZE P AAMAT T WAL, EIR T ARG
JRAG AT IR B T A A5 A RS M E B B, (AR IR ZE A A6 2271
(EFAE, AL KRR L 45 SR A R & 3 5t B S R e A

R4 ANF R B R T

Table 4 Error range of 3D reconstruction in different scenarios

. 10 HAKEE bR sE BEHL 1 KB bR E 13
YIRS — - -
T10 Ajo(cm) €10(%) n A;(cm) & (%)
1 14.01 0.58 1.42 13.99 0.98 2.26
2 22.82 1.62 2.57 23.22 3.64 3.51
3 8.63 1.23 1.85 8.77 2.00 3.09
4 12.79 0.43 1.37 12.71 1.24 2.26
5 9.51 1.47 2.44 9.64 2.81 3.85
6 9.93 1.68 2.90 3.92 2.33 4.23
7 13.79 2.04 3.36 13.97 3.07 5.22
15 1.29 2.27 2.29 3.49

10



7 7
AT iFEAas
-

6 . 10 6

5 5
— 4 4
5 £

3 3
| 2
5 2 2 @

1 1

o o

1 1

HnetiRe iR
REARR

K 10 ARSI EERZED A
Fig. 10 Error distribution of 3D reconstruction in different scenarios
UEAh, ROTHRILES] ro R 7 B SHMENEOR, JHA RELH U SR X —L
122 3T COLAMP AR A M, Tk EMNT. & 10 k], A 10 AR
5E FT LASRA AR TS AV S A ) B R 22, IR R fE— E RE B N SR TE 22 SR B0 A RT3 B e s
ol V45 = 24 B8 2 e 4 TS LU AR T R £ L ARTHRG E R o
3.3.3 BMRZLEETEME L#KIG

EARE WA B R = 2 TR 2B X RZE T I MEAE 3 om BAPY, (HAEE A = BRI HLAL
SRRE, BASFTH SIS, R R HIALE RO kL R i B R R AR A TR S Y
UO), gl (I RAEAR AN I, 3Rl HIEA S 2 RO Jo s DO B AR . B 11 R
N T ALE T E WA RS () 25 MRE I A SR, (U A SO S SR
WHE A B AR KRG, L BAE b 32 B S B i AR T L (b) st i ARG T
BRZOEMER SN SBEEATE, RARECREL; (o 75 M IA SO W
HRAR, BRIEAS PLIe B A, 5 CORAEAR i Tk Z SO A e 3, AT IR E s (4D
ST E B BOMRE A T R RTO R i1 X LSRG HR F AT T R

NS YR R I DR BOR AR, R AR B e R I 7R BT

| ——— %‘ . " :

(a) MEERATE, WFH

K11 S s R B SRR
Fig. 11 Common defects in 3D reconstruction of indoor scenes
4 ZFRE5RE
BIG =4 B E O TSN S 4RI gt 7 — AR m RO VERI AR T 56, AT
FENER R EERARZ —. COLMAP JHEHEZRA 72T StM 5| MVS KIS EE =4

11

HEIE [Author12]: BIZ Al E— AN/, IR 447
.

{ HEVE [Author13]: @UUBCKEIR, 2X2 HiAT & T 4F




E, RS MR 2 2 N . A SCEXT COLMAP 38k M40 = 4 8 @/ =
P 355 e (R 28R ARG BE EAT F 905 VP A, S X AW AR AT A [ T o P g S A [) o B R
1 EME B A DLIT Jeonf B sz, R T P 2 PPN (R RUEAT AR SRS FE Ak . 4551
K

DD EAB R EEARE T, SNSRI UL A G E =R 115 R RIEL:

2) AR ER BRI 255t E S NS, AR 0.5 m/s ML
HIELE 16 ©/s AHLIERE LR 30 Ii/s WATCR AL I T i AR P 450 ol 2 A5 TS 00 2 Py gt )
K& 20-30 1, AERETE CRIESEJ 2 F A 1] 1) ] B 3R A5 e v 1Y) B 800

3) FEAGFEG =4 BRI VAR cm 2 F—%RMERREZ S o %R
BUN, AEZENGFLESREFEANED 3 cm, MXHRZFHEABL 4 %.

R T =N R MR = Y E R SR AR B — o, R =g E
T 2 PN 3 5 R SRR S ARG B Rt T R

D MBRIRE R AERE, FT COLMAP [ = 4 55 7 i} 5] B 4% A0 5t i v i i
K, HULHANEH T R 2 BRI ERTES . AR IR W GTFHILM “S” B4
$77 2], EUGECETE 300 5k ANBONGIE, BRI (A BU S R i, X RBE R AT AN
I 30 m? =N R T EN RS R, UGN SRY FATIHESEF RS S E .

2) WHKEEEMEERT, W PR ARNIAN AT 2 1) JH K 2 R 22 R Ao I 2 5070 o SOGB4 1
BEESKIER w2, Gng S (5 Tk RS . 50 23 AR AL A I S50 AT 55 BAK
SR8 e i ) RS0 o i DA FPEAT: o SR A A 25 WA DR B b o 1) VAL — 20 9 v
HEN VAR, @M T3 Z 8w K.

IeAh, H TER XS N 3 5 R = 2 T R LR )25 B AT AR B =, IR L8 ) 2>
SEEEEENRK, FELE PR, Rk BTRGE4EEMENRETUES S
EXAEIL ERIRA, ER A BEPIER ARG, DRI AR B

SZ3CHR (References)
[1] #whif). 2025-2031 4 H E 2 Re R Las AAT L T 34 R R B A2 e BT st i 25 [R]. dbat: dbnis

WHREHE B AR A, 2024
[2] MADAN H T, MAHESH L, SAIJAD M. ROS Powered Autonomous Mobile Robot for Indoor
Applications[C}//2024 International Conference on Intelligent Algorithms for Computational Intelligence
Systems (IACIS). Hassan, India, 2024: 17.

MRS, BRETWS, WM. @ TS T S R ae A DUR SRR R RE 24 (B AR,

2025,55(1): 16-29.
LIN JIARUI, CHEN KEYIN, PAN PENG. Digital and intelligent standards for building and construction

[3

—

engineering: Current status and future[J]. Journal of Southeast University (Natural Science Edition), 2025,
55(1): 16-29. (in Chinese)

[4] ZHOU S J, LIN J R, PAN P, et al. Impact of color and mixing proportion of synthetic point clouds on semantic
segmentation[J]. Automation in Construction, 2025, 171: 105963.

12



[S] JALRAS, WM R, 55 Ald BIM 55 = 4 5 2 )t Tt J i 2R A SRR IR [CY/ 48 Ui 2 [l BIM
EAREW, P2, HIE, 2023: 453-457.

[6] WIJAYATHUNGA L, RASSAU A, CHAI D. Challenges and solutions for autonomous ground robot scene
understanding and navigation in unstructured outdoor environments: A review[J]. Applied Sciences, 2023,
13(17): 9877.

[7] XK, $NBUE, BEPRHF. JET7E 2R H @ K& BV TN Bm R[] R 223 (A R AHERR), 2015,
45(3): 448-454.

HU HUAN, SUN HANXU, JIA QINGXUAN. On-line reconstruction-based predictive display system for
teleoperation[J]. Journal of Southeast University (Natural Science Edition), 2015, 45(3): 448-454. (in Chinese)

[8] Z=itla, Jkme, A, BT S AMLGE I — AN I AT AREE RS2 (E RBHENR), 2013, 43(4):
711-716.

LI XINDE, ZHANG XIAO, ZHU BO. Generic object recognition method based on stereo vision[J]. Journal of
Southeast University (Natural Science Edition), 2013, 43(4): 711-716. (in Chinese)

[9] i MRS HAEE 5. ARl =g m R BARLZIR[T]. FHERARE T, 2022, 22(23): 9897-9908.
LIU ZHIHAIL DAI ZHENRUI, TIAN SHAOLU, et al. A review of non-contact 3D reconstruction techniques[J].
Science Technology and Engineering, 2022, 22(23): 9897-9908. (in Chinese)

[10]RAO A S, RADANOVIC M, LIU Y, et al. Real-time monitoring of construction sites: Sensors, methods, and
applications[J]. Automation in Construction, 2022, 136: 104099.

[11]SHENY, PENG P, GAO W. 3D reconstruction from a single family camera[C]//2012 IEEE Fifth International
Conference on Advanced Computational Intelligence (ICACI). Wiirzburg, Germany, 2012: 108-112.

[12]BAYATI H, NAJAFI A, VAHIDI J, et al. 3D reconstruction of uneven-aged forest in single tree scale using
digital camera and SfM-MVS technique[J]. Scandinavian Journal of Forest Research, 2021, 36(2-3): 210-220.

[13]BERRA E F, PEPPA M V. Advances and challenges of UAV SFM MVS photogrammetry and remote sensing:
Short review[C]// 2020 IEEE Latin American GRSS & ISPRS Remote Sensing Conference (LAGIRS).
Santiago, Chile, 2020: 533-538.

[14]MA D, FANG H, WANG N, et al. A low-cost 3D reconstruction and measurement system based on structure-
from-motion (SFM) and multi-view stereo (MVS) for sewer pipelines[J]. Tunnelling and Underground Space
Technology, 2023, 141: 105345.

[15]SCHONBERGER J L, FRAHM J M. Structure-from-motion revisited[C]//Proceedings of the IEEE conference
on computer vision and pattern recognition (CVPR). Las Vegas, NV, USA, 2016: 4104-4113.

[16]PEPE M, ALFIO V S, COSTANTINO D. UAV platforms and the SfIM-MVS approach in the 3D surveys and
modelling: A review in the cultural heritage field[J]. Applied Sciences, 2022, 12(24): 12886.

[17JHERMANN M, WEINMANN M, NEX F, et al. Depth estimation and 3D reconstruction from UAV-borne
imagery: Evaluation on the UseGeo dataset[J]. ISPRS Open Journal of Photogrammetry and Remote Sensing,
2024, 13: 100065.

[18]LU P, SHI W, QIAO X. Multi-View Image-Based 3D Reconstruction in Indoor Scenes: A Survey[J]. ZTE
Communications, 2024, 22(3): 91.

[19]PINTORE, G., MURA, C., GANOVELLIL, F,, et al. State-of-the-art in automatic 3D reconstruction of structured
indoor environments[C]//Computer Graphics Forum, 2020, Wellington, New Zealand, 39(2), 667—-699.

[20]5BRER, PRI, PRAEHS. JRHEEL S5 MR W5 & B0 R S0E L RE IV 5 704 [CI/28 4z BIM 24K
S, B, HE, 2024: 489-493.

[21]H %, S, TodReb. JREE - R IR 4T BB RHMES BOM M E K [T]. KA RS2 4 (B AR AR,

13



2022, 52(3): 497-505.
GAN LEI, JIN HONGIJIE, SHEN ZHENZHONG. Influencing factors of characteristic parameters of digital
image on concrete surface roughness[J]. Journal of Southeast University (Natural Science Edition), 2022, 52(3):

497-505. (in Chinese)

14



