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In modern applications such as virtual reality (VR), augmented reality (AR), and autonomous vehicles, the

accuracy and

performance. These applications fundamentally rely on Depth Maps for visual information processing, interaction,
and decision-making. While 360-degree cameras have emerged as an innovative solution, offering comprehensive
visual coverage of the surrounding environment, current technologies face significant challenges in efficiently
processing large volumes of data and generating precise Depth Maps. This study addresses the critical role of Depth
Maps in VR, AR, and autonomous vehicles, proposing a novel hybrid depth estimation framework. The framework

combines patc
Depth Maps i

(SFM) to improve local spatial precision, while ViTs address distortions caused by wide field-of-view projections and
learn global features. By integrating these approaches, the framework improves the accuracy and resolution of Depth
Maps, enabling the generation of dense 3D point clouds for detailed spatial representation and reconstruction. This

method overcomes challenges of computational complexity and accuracy, marking significant advancements in 360-
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Hybrid High-Density Depth Map Generation
Using 360-Degree Camera Images
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ABSTRACT

reliability of Depth Maps play a critical role in enhancing user experience and optimizing system

h-based depth estimation with Vision Transformers (ViT) to enhance the accuracy and reliability of
n 360-degree imaging applications. Patch-based depth estimation leverages Structure from Motion

degree imaging technology for immersive and autonomous systems.

Key Words : 360 Camera, Hybrid Depth Map Estimation, SFM, ViT
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2. High-Density Depth Maps

2.1 Overview
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2.2 Initiation Module
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Fig. 1. Flowchart of a 360-degree image-based high-density
depth map generation system.
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Fig. 2. 360-degree panoramic images (top) and generated
multi-view images (bottom).
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- Feature detection and Extraction
- Feature matching and geometric verification
- Structure and motion reconstruction
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Fig. 3. Backtracking camera locations via SFM and creating
point groups for matching pairs.

2.3 Depth Estimation Module

ol Al e =] Mt BE A%t A
718k Zlo] A7)} vFd e M7 |(DBIE 2l HE
oAl Higt ZolE FA Rtk

T2 7]k Zlo] 242 SFMORRE =&E 54 HE
o] 23S ulgto 7 27|34E |04 A&, HHE R
ol STt S Sl ZolE Antste 7leelth o]
YL SEME 3l dolxl 27] Zo] 24 Axs wit
Sto] ZAfSbE oS AAdshs Ae HRE jrh 4
Aol FALRE &0l AAFHE TFste] Zlo]
E 2A3la, o) MEFste] 1EdE Zo] ARE ©
Z3t

278k Zlo] FA[719] F8 AL tht Zo] U

i
4
30,

A, 2HE e el Aol 2w B 7hA 7]
Fol e 2ejel e A A, Alokzbe] A}
shulete} 23] 2] HAG AelE wefstoiol gk 2
dlEe A T F Aeke] 718 Aok g SE
oM 0 Alolo] $IHFES AAstolol, F et 2k
o 34 AelE Aske 4 9k

£, ZlolH ] Axto|chAEE 2ed| 2. Ao thstol
SFMO.2 ZA¥ A3 point doud)yS H7Iste @x 27 2
oS TLABRIT ol BE LAl PA9lE 4y
AAHAL Bg3to] ZolZ ALK olefst B L 3
Rt e HEste] ANTFS Folt FAlo]

H

24 7o) SE YU vlwste] ol Ty

[e)

O g
ot
rH

BhER|E| 2 E o] 7| 453k] ) A3 AU, 2024

ARG FHot= 7IeR, FE A9t vl
7]Hko & glc} o] 3} o 4] Vision Transformer (VIT)[8
ARl AakE s, o|m|| Q) A& EstaL o]
Higo g Zo] JHE aaty o7 A

ViT= oF olmx|& 44 =7]9 & &ot
ol AIAIE Hlold FelE Aogitt. 2 sjX|= H
B2 HEtE|o] 7] Jug o LAY, FHor &
A BEET 9] dugo] xFHETh o] HlojE=
VIT7F 49 o|u|R| 9] $1Hd #25 S5 4 Qe A
Sabix=d

o} Fig. 4= ViTolA ¥ o|n|R& EFCo = /435
7] $18l 3x3 FejE Uro] EU3 2715 22 9719 o]
H)A] A2 = RS RojErh

-
N

T
= ]

s}

ofr
—_

ot [

)

Vision Transformer (ViT)

Class
Car Head

Transformer Encoder
A

‘ Transformer Encoder ’

34 F08 4B T

7} g FAES Fastel 9%
MaE, B M 7} WEst gl male] ¥
AL g

29 SR e gl e TEe A St
=4 zojole] A3 nl4 PO ololxith Ay
e olnlxg st mule] Aol aAkEAL,
o F7bAQl SEGe] AU AFT 4 ek olHT
3 TPgolA] VITE dolge] dBAS s, vt
FANNE 5UT =2 45 §H7h
FAHOR VITE o|u|AE U 27|19 A2 o)

9g &3k ol2fat o

o MEE WY F Rguo] AFHOE X o
o= gtk BT ResNeSOT} e 7|2 Y2932



360 7|2} olm| A&

B3 stoluels

U= Depth Map A4 175

Fastel 7140l B4 HAL %
2o Agstel s A B8 AN
gaEt shaE B2 uhgo

3 A

oA E AL o] 7NIe R Zlo] YRS Eolet
A <

R

fu
S

O
-3
:oé“‘
o
n
=2

U= o2 Sasith o] oA VT ofu)
fatstol AU go

19
&)

=
% £z

giisey

o7 E 2] 90
1 EAE

2.4 Depth Correction Module
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Fig. 5. Segmentation of the generated depth map.

Fig. 6. Convergence of patch-based depth maps and ViT-
based depth maps.
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Fig. 7. Patch-based depth estimation (left), vision-based
depth estimation (center), fused depth estimation

(right).
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