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Photorealistic Real-Time Dense 3D Mesh

Mapping for AUV
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Abstract: This paper proposes a photorealistic real-time dense 3D mapping system that utilizes a
neural network-based image enhancement method and mesh-based map representation. Due to the
characteristics of the underwater environment, where problems such as hazing and low contrast occur,
it is hard to apply conventional simultaneous localization and mapping (SLAM) methods. At the same
time, the behavior of Autonomous Underwater Vehicle (AUV) is computationally constrained. In this
paper, we utilize a neural network-based image enhancement method to improve pose estimation and
mapping quality and apply a sliding window-based mesh expansion method to enable lightweight, fast,
and photorealistic mapping. To validate our results, we utilize real-world and indoor synthetic datasets.
We performed qualitative validation with the real-world dataset and quantitative validation by

modeling images from the indoor synthetic dataset as underwater scenes.

Keywords: Underwater Robotics, Dense Mapping, Autonomous Underwater Vehicle
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[Table 1] Comparison of map representation

Realistic Speed Difficulty
Pointcloud Middle Middle Low
Voxel Low High Middle
Mesh High High High
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[Fig. 2] Illustration of Joint-ID and image enhancement result
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[Fig. 3] Point sampling and triangulation: The red points are
extracted feature points. We performed Delaunay triangulation
on the extracted points. The red triangle mesh is the one that is
removed from the image plane. The purple triangle mesh is
removed after the 3D projection. The yellow triangle mesh is the
correct one in the map

(a) before outlier rejection  (b) after outlier rejection

[Fig. 4] Generated 3D mesh map
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[Fig. 5] Mesh map expansion: (up) 3D mesh map generated
from the previous N camera frame. (down) Yellow triangles are
projected mesh from a global map. Red dots are sampled points
found in the current frame that are outside the mesh. Blue points
are sampled points that are above the existing mesh in the image
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[Fig. 6] Mapping result without image enhancement: (left) FLSea-VI Canyons Flatiron, (middle) FLSea-VI Redseas Cross Pyramid

Loop, (right) FLSea-VI Redseas Northeast Path
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[Fig. 7] Mapping result with image enhancement: (left) FLSea-VI Canyons Flatiron, (middle) FLSea-VI Redseas Cross Pyramid Loop,

(right) FLSea-VI Redseas Northeast Path
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[Fig. 8] Mapping result for FLSea-VI Redseas Big Dice Loop
sequence without image enhancement (left) and with image
enhancement (right)
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[Fig. 9] Number of sampled points for hazed and enhanced image

( Pointclud

(a) Mesh (c) Voxel

[Fig. 10] Comparison of qualitative results using artificial land-
marks in the FLSea-VI Redseas Cross Pyramid Loop sequence.
(a) Proposed method, (b) Pointcloud, (c) Voxblox
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[Fig. 11] Processing time for FLSea-VI Redseas Cross Pyramid
Loop sequence: The orange area represents tracking time and
the blue area represents mapping time

[Table 2] Number of point (voxel) in FLSea-VI Redseas Cross
Pyramid Loop sequence

Mesh
17,538

Pointcloud
22,833,823

Voxel (1 cm)
13,997

Number of point (voxel)
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[Fig. 12] The original image of the dataset (c), the distorted
image following the underwater light propagation model"! (a),
and the enhanced image using Joint-ID"*!

[Table 3] Absolute Trajectory Error (ATE) (m) for of kt0
sequence

Mean Median RMSE
without image 0.038324 0.020187 0.055224
enhancement
with image 0.018117 0.012457 0.024910
enhancement

7R A =R T} A2 529] voxel block 0.2 A &= 31§ 0] 7158
Ak Abgro] sl abr] S e o] AR A<
7hFsat3ith
A3 }% HHH-S mesh”] ‘?_]'94 E?ﬂﬂ} hdmg window 2]

ol xl

AEApo] %

3l N=25= window iﬂi A5} “@.—% A 3yatct.
[Fig. 1119] A¥= v Z|9] F XA e & 4= 9lek 2
3= 2 B ORB-SLAM2 7]4ke] 914 Q1418 4 18.14
ms®] 3 AJ7bo] QA A% AALE 37| 9lelA] et
OF11.18 ms©] A7to] 28 H ek A 22H|Qld A g AlRE
Ht 9F29.32 ms O &2, o]= A|oksli= o] 91X Q123 =] 1
2] o] IR oA Ss] AAzke = F2 7bs e HefFErh

3.2.5 324 23 vl

% 79 54 A ground truth A2 R E A7) dE31,
ol 4] ARS-gE Hlo] B Al B3 ground truth 7= FHE
Al gL A ek whEbA] 2 =itoll A= Aljtehe W9
AR HS A7) Sl A 4 dlolEAlsl ICL-

& ARE HFAA F5 BEE 7tk
A= A oA 2RE = v 0w E 1
317] 98 dubd o7 Wo| ARE-EE McGlamery2] 5 9
73} B AL8-31QIT. [Fig. 12]014] Qi o] ]| o} 9=
/\] /‘7‘ oﬂ/\l—g JOHE 2= o]

[Fig. 13]%} [Table 319141 of k10 Elo]Elol] T3k 34 7HA A
$-9] 912] 914 A7E ERIEE = qirk & =il A= A
AR 921= AXel] Qe evolPE o] 8313} [Fig. 1312
SIS HAF 072 G 7 Fell §1H] Q14 o] ARt

1



194 =35:5t3) =584 4199 423 (2024. 6)

x (m)
y (m)

1.75{ — Ground Truth
--- Trajectory (Hazed image)
--- Trajectory (Enhanced image)
4
ot

z(m)

roll (deg)
&
2
pitch (deg)
o

yaw (deg)
o

=100

-02 00 02 0 10 20 30 40 50 0
x (m) time (s)

10 20 30 40 50 0 10 20 30 40 50
time (s) time (s)

[Fig. 13] Trajectory, position, and orientation of ground truth compared to the results using the hazed and enhanced image for of k20 sequence

[Fig. 14] Mapping result for FLSea-VI Redseas Coral Table
Loop sequence without image enhancement (left) and with
image enhancement (right)

W4

[Fig. 15] Mapping result for FLSea-Stereo Rock Garden 1
sequence without image enhancement (left) and with image
enhancement (right)
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