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Fig. 5 The dense point cloud evaluation comparison with Pix4DMapper
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Table 1 The comparison of processing times of different data sets of Dronemap2 in seconds

. . AbFRET[E] /s
R RgEE R KRBk _— : ‘
TerrainFusion Pix4D ARIT5
mavic—factory 359 4000%3000 153 0.545 1003.89 4811.0 106.23
mavic—fengniao 109 4000%3000 60 0.073 377.302 3303.0 4431
Plantom3-olathe 160 4000%3000 122 0.257 161.295 2514.0 67.26
mavic—yangxian 165 4000%3000 100 0.113 171.719 2935.0 40.89
P4r-village 136 4864x3648 250 1.076 288.272 2762.0 61.50
mavic—campus 293 4000%3000 213 0.974 368.182 4707.0 92.13
mavic—warriors 95 4000%3000 143 0.157 218.324 1623.0 27.11
Phantom4-mountain 81 4864x3648 300 0.929 173.598 1752.0 39.90
mavic—huangqi 229 4000x3000 188 0.478 809.678 4351.0 74.94

T A 3 B 2 R 2T T AR 2
RS BRAR B HOE AR B, 38 0 2 )k 0 F T
AR IR, 0 9 AT BE A 8 DX R ARLIX
TCH LT SRR 5 K Az I FLSE I 3R IR B R
Al RERSE CROR TAERER . XTit, FAIFET AL
) B3 X b U BB LR 0 33 A8 I DX R A T S
H% 5~ PR R, SRR 20204F7 H
S SR A R 0 PR N 4864x3648 15 % | Kl
A I3I A9 5K . AT E N 150 m 1200 m, %

Koy R

PRI A 0.4 km® F10.65 km®, 2SI 8 4 2 4 i
SR 62.56 s f191.89 s, FHELERME T, HAR
LR TR S o BE R B R AR AR
RURNE 7R S R AR B o 56T S A4 8 ) 8507 1 5
AR, It QGIS B A Rl AP A ¥ 3 AR X
B AR R AR A, o, S — B AR T X B
SRR N 222329.479 m?, 45 Bt h 112436.588 m?,
A O S M R AR AR AR AN B 8 BT o

O
e
i) B EAR

(a) AT AR — BUARIE X6

(a) The lower portion of a mountain landslide

W R

LERBW, A SCRRA RS A T I e D
Pl FRY ) A Ak L — W e o B A 9 i A AT
18, SIS AR LA T B DX I 3 P05 ) 285 i s
BUP B, B G X B = YRR 5 R TS AR

Hr LSRR

B mreia
(b) IR — BRI X 3
(b) The upper portion of a mountain landslide
F7 LT M RS R 2 5 B R A
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Abstract: The development of high-fidelity 3D digital model of the land surface environment in real time has become essential in many
fields, including urban planning, agricultural surveying and mapping, disaster management, and military applications. Building a high-
fidelity digital model of the land surface environment in real time is the key foundation for realizing the virtual mapping of the geographic
environment and then forming a digital twin geographic environment. However, current methods for constructing these models suffer from
several challenges such as slow speed, low timeliness, and limited application in large scenarios. To overcome these challenges, this paper
proposes a new real-time dense point cloud generation and digital model construction method based on unmanned aerial vehicle (UAV)
platforms. The proposed algorithm remarkably improves the speed and accuracy of land surface model construction compared with existing
algorithms and improves the degree of online data collection and real-time modeling. The algorithm is based on a general simultaneous
localization and mapping framework. The technical chain from data acquisition, data processing, feature extraction and matching to 3D point
cloud generation, digital model reconstruction, and result analysis is unobstructed. The algorithm breaks through the key technologies in
scene reconstruction such as online data acquisition and pose problem solving, real-time dense point cloud generation, digital surface model,
and digital orthophoto map construction.

According to the experimental results of the dataset containing different land surface environments such as cities, farmland, mountains,
and deserts, the algorithm proposed in this paper can process high-quality land surface environment dense point clouds and digital models
while being 30—50 times faster than existing algorithms such as Pix4DMapper. On average, it can process a high-resolution image in less
than 1 second, whereas the interval for general aerial survey drones is 1—2 seconds. Furthermore, the application of the algorithm proposed
in this paper to emergency rescue work of mountain flood disasters can assist in the real-time reconstruction of inaccessible areas, survey the
area and location of washed-out and sediment areas, and support emergency rescue work.

The proposed real-time dense point cloud generation and digital model construction method based on UAV platforms represents a
considerable advancement in the field of geographic information systems. It can revolutionize various geographic fields, including disaster
warning and management, emergency response, military applications, and agricultural and urban planning. Additionally, due to the
breakthrough of the algorithm, it solves the core problem of real-time mapping from reality to virtual in the construction of digital twins in
geographic environments. Therefore, it can empower digital twins and provide a digital foundation for digital twin applications in
geographic environments. Based on the real-time mapping of 3D information of the ground environment, parallel simulation and decision
making can be conducted. Therefore, it is also expected to achieve functions such as emergency warning, scheme evaluation, and decision
optimization based on the dynamic monitoring of target information in the scene, further improving the automation and intelligence level of
the applied system.

Key words: remote sensing, real-time reconstruction, dense point cloud, digital twin, terrain environment, digital model
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