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Abstract

Aiming at the requirements of high-precision, high-efficiency and lightweight 3D reconstruction for
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smart port digital twin construction, this paper analyzes the bottlenecks of traditional methods such
as LIDAR, oblique photography and NeRF in port scenes, including high cost, slow modeling and poor
dynamic adaptability. A port scene 3D reconstruction method based on 3D Gaussian Splatting is pro-
posed. A 3D Gaussian Splatting reconstruction framework covering sparse-view robust modeling and
lightweight deployment is constructed. Key technologies including improved Structure-from-Motion
initialization, multi-constraint loss function with port structural constraints, and hierarchical adaptive
density control are adopted. Experiments on port scenes show that the single-scene modeling time is
only 7.1 min, only 4.4% more than the baseline. Compared with baseline 3DGS, the proposed method
has significant advantages in reconstruction accuracy, rendering efficiency and lightweight deploy-
ment, which can effectively support high-precision and lightweight 3D reconstruction for smart port
digital twin construction.
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Figure 1. Gaussian splatting flowchart
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Figure 2. Port image dataset
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17)~ 32 GB g7 AAZ AR v LIRS IR, 30IERMR A E G 1. AR5 T PyTorch
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Figure 3. Point cloud extraction result
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Figure 4. Top view of the 3D reconstruction model
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Figure 5. Front view of the 3D reconstruction model
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Figure 6. Side view of the 3D reconstruction model
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Table 1. Comprehensive comparison of innovation points between PG-EGC and DM-GC
# 1. PG-EGC 5 DM-GC BlIFi mizA*itL

B A Bt R T [TL
BRI S PSNR Jy 22.92 dB 6.8 min -

A7 N 22.3 GB
PSNR 5 26.71 dB _

_ & 2 ([E B . TRl
PG-EGC B (R TE) S5 223 GB 6.8 min RS
‘ X PSNR Jy 22.75 dB .
- Z=) Bl =
DM-GC YIS BAF (R B [i]) W45 72 GB 7.1 min PSNR #i%k < 0.5 dB
. . PSNR Jy 26.32 dB . . e
AT FE - B SNR 7426324 7.1 min R AR

B N72GB

7 | "%, PG-EGC 5 DM-GC TEARALYENE 1 IEAZ HAb: PG-EGC At AL [ A 0] A 0 2 2 it =,
DM-GC RAGAH R [A] P9 (1 A7 5, el S . BEEHE R, PG-EGC Bz EIv] B
DM-GC 1375 sy it A6 52 FH —— it A v DRI CR A R 22 X 7, A DR OB [X A TR S A7 4 1 o &
Fe. 7EML# 8 GB A7 RTX 4060 ¥4 b, BXET7 5508 PSNR 26.32 dB. A7 7.2 GB. YIZKII[H] 7.1
min FIZEAPERE, % PSNR22.92dB. &A7 22.3 GB. JIZki}[A] 6.8 min {45 3DGS BLE, 7EiRIETHH
7 s R AR AR AR A2 1 T
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B X ARAE 3DGS TEE5E 30,000 R Il ZRHAEAE “H A EA” MR, A3t is i
e 5| L T PG-EGCo &7 2R BRI 73 A =N B 5 44 0~10,000 307E 172 %R
PL O B ER1E o8 Btk iS4 = T UAAT s SE 3 10,000~15,000 5811 # 28 4 00 e A 1 B BRI 58 5051 N8
St KR4I 15,000~30,000 565 3 Brekil B BOL SR S i, 145 AriE GeiR 22 3 B S 2= AL 1
il % 18 PG-EGC 5#5ifE 3DGS 7EAH R VIZRI 18] F (s ae gt B, & 7 i ah st U .

HH# 2 A[Al, PG-EGC 5% 6.8 min AHFEVIZEH A, PSNR $#2F+ 3.79 dB, SSIM &7t 0.15,
LPIPS [ 0.14 o F itk s o el Zh ik ok, Fodid 1/2 2 #F 3 I 2R 10,000 $255 201544 7500
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s
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Figure 7. Group of comparison figures for ablation experiments (a) Standard 3DGS render; (b) PG-EGC render; (c) PG-EGC
+ DM-GC render
7. HEASLIS SR EL B4R (a) FRofE 3DGS MURE; (b) PG-EGC R E; (c) PG-EGC + DM-GC MR E

Table 2. Ablation comparison between PG-EGC and standard 3DGS
3 2. PG-EGC 547 3DGS jHRA LI xIEL

gt PSNR/dB SSIM LPIPS
FrifE 3DGS (F:48) 22.92 0.67 0.32
PG-EGC 26.71 0.82 0.18

HE—H, HF PG-EGC KM BOIZRskng, REM BRI PR BREM SN & s i %
5, HEFAMTEIE 2O E MBI . T 780 W E i s SRS R R R, R 3 4
HT PG-EGC &M B R 5, - 5hr1HE 3DGS T H.

Table 3. Comparison of resource consumption at each stage between PG-EGC and standard 3DGS
% 3. PG-EGC &M ER FIFIHFE SR/ 3DGS Xtk

¥ B PR SHFir#{ Gaussian B(&//i WBHEEF/GB FHEAFA/GB Hk{CA)/ms
¥ 3DGS R 3 5— 300 22.3 16.8 13.6
PE-EGC ‘B 42 12 0 580 8.5 72 6.8
PE-EGC M &= 1 80 — 150 15.6 13.8 14.2
PE-EGC 540  &/rHe% 3 150 — 300 223 19.5 17.8
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3DGS ) 16.8 GB. F54HIHE H 3 Brskil s BT et ve 22 5 S % s h], miifcERg 22 300 /5, WE{E BAF
ik 223 GB, Shpifk 3DGS £, (HFIERA] 17.8 ms, W& THrdE 3DGS () 13.6 ms, EEHRZERS
BIVE g 5 72 A0 FE R ] 51N BN

MEAATE, PG-EGC =Bt S IR 8] A 10,000 x 6.8 + 5000 x 14.2 + 15,000 x 17.8 ~ 406 s ~ 6.8
min, PR 3DGS (1) 30,000 x 13.6 <408 s = 6.8 min JEAFF T, LB “Hf AL, HEFEDHERT .
B SRR B S AR R 4 G AR A IR UR 22 5 R B, K v R 2 X E B A B AR T 40%~60%, 1T
fIGIR ZE XA U AR S T A1 30%~50%, SEILE JTREAER . ABASVE R 2, B 2800 5 0 I~ 25 R A7 (4
W4 7.2 GB Al 13.8 GB)E T 451 3DGS [ 16.8 GB, X WREEIIZRATIA(H SN GRS 8] [ 50%) 547
T RERR, ERAARA N N T A6, 758 DM-GC A7 R4 H A 1P [F) 5 8 29 5E 7 5
filio

BEXF bt 3DGS VIR EAF 5 i . 755 16~24 GB ¥l i, A SCH 1 3h 26 BAF AL S 06 FE R 2 5
% DM-GC.o 1ZJ5 YN EBE RG0S AT B FEAS AT a7 B HUvE e A 5% 18] 8 46 B e
2 90% AT s BhAS m bk v B A b PR R B VR R R B s R ERIRAS R 4R
Adam F) & DA floatl6 FAEE AR 3 HUE Gk K7 5c4% 25 () SR 2K 7 PURAIC R B Jel i . & 4 79 DM-
GC &P IR S g 45 3

Table 4. VRAM optimization effect of each module in DM-GC
3% 4. DM-GC &RREF MR

fic & I AE B A7/GB IR 1] /min PSNR/dB
PG-EGC 223 6.8 26.71
DM-GC 2%k 7.2 7.1 26.32

H % 4 B[, DM-GC 52 B R W AE B A7 M 22.3 GB &% 7.2 GB, 1144 67.7%, I ZRA [0 38 111 4.4%,
M 6.8 min # % 7.1 min, PSNR #7112 0.39dB, A& 0.5dB. H AR A UK 300 77574 10 ML
PEHRERTE G, W O RAE S B S e Mg, I AR A, M 4 GB £ Z 370 MB.
BN AR = T B E S HIAE 300 7 LR, VKB RY R R ZE X m . AGEPIRES R 40K Adam 3
B om f77 % v UL floatl6 f74i%, T4 S0%MALHS AT . HE Y% K-Means RISH I For 4 By, BIK
TER = TR 75 75, TEGUEEPEIC 75%. DU ARS MG, 300 /&g a1 8 GB A7 GPU

AT
4. 4518

ARSCEE X O AR A R R . REA G E AT R, 0 T ROE IR BRI
AR AL G IR L RO A R A T . RS . B E S e, T — T =4
R TR IR 3 SR @ A DR TR AR A B S R R 1) = A v R DR
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