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Developing a Depth Estimation Algorithm for an Ultra-thin Light-Field Camera
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Abstract

In this study, we developed an ultra-thin multi-aperture light field camera system and algorithms for depth estimation. Depth
estimation is a field that can be utilized broadly. It can be classified into monocular depth estimation, and stereo depth estimation.
Generally, in order to acquire absolute-valued depth estimation, stereo depth estimation, based on the disparity informtion, is
needed. For stereo depth estimation, we need to capture the scene using at least two cameras, with known baseline, then process
the images to get the depth map. Therefore, we need a specific camera system for this task. In this research, the camera system,
comprising 9 lenses with 3 different aperture sizes on an IMX477 sensor, captures multi-view images in a single shot. This setup
enables the extraction of depth information using stereo matching techniques. Despite challenges related to noise and distortion
due to the compact design and lack of an objective lens, our approach demonstrates the potential for accurate depth estimation.
Future improvements in manufacturing and lens design are expected to enhance the image quality and depth estimation accuracy
further.
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Figure 2: Camera board with micro lens array, NVIDIA AGX Orin,
and the total system
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(b) Guidance image (c) Guided disparity
map

(a) Disparity map

Figure 3: Guided filtered disparity map.

o] =7} Wt YK olu|z] HRE s|uro 7 Az} W A4S

5t7]
918 guided filter [9]5 AH§5to] 14 HHE yrgot A7}
2 Qich o] uf A2} 4L $I5ko] AHEH reference o] 1] 2|
A2t e 5] 919 AHE R gray scaled o] §5HIc
Figure 3 92 o] 0] 412} T guided filter7} 288 A3} W
HolZe

322 JlvE AHHQ B 9 Zo] A

4 7))o} 244 o] A A}
o] zho& WgH 4 9lrt.

ol ghup 0 7 S| EFH AR} ghe 2%
& 7t k] baseline& ©]-8-5to] 7l
R 4 [2]2 ohaah 22

[T
7 - — (2
o|uf, Z7]— Zlo] gt f= %27 73], T= baselineo| ™, disparity d
Fe A2 — x,)E R[St |2 ofglolof A 2t &l =9
2 of A|2F 9 A9] 71EAE 271 fle AHE L
ASIGT. HAS 95 8 x 5 G| AAHE
2 M ow, ket B AL 95 12740] FA
ZJ Atk Figure 42 H A2 9|5t A AHE AF7 9]
oA E HolEoh B 2, dl= g 7ke) 7| EA 0 24 ﬂa‘g—/\}ﬁ
stol A7} W& Zlo] Wo.2 WITh A% Bt T2 ¢
Zlo] M2 Figure 5¢f 1}2} Q)ct.

Y

N ﬂJlO 2 o oAl
b 2 o

Figure 4: Chessboard images for stereo calibration.

323 Zo|l W g%

Tl @l % %8 Agale A% ojeole} A= 27], 127 of
2 dx0] BAR, oju| Ao o] %7} BoH, o= 7} o
A7} 3} Zo] W A& o] =7} vt o] o] 24 A
5171 914, 12 7ol W& shte] Zo] Wo = §EHEt. A 7

i ' |.7(m)
‘ 0 (px) l"' 0.0(m)
(a) Disparity map

(c) Depth map

Figure 5: Disparity map and depth map.

ohe 27 271 dioll AlAF o] FAE vhefettt. ol o
Tt ES G837 Al = VISAE VIRIC R olnAE
B ot 7FEA] 9= Mertens et al.[10]9] =& 8% &1
2lEe ]‘?_B?a gk g g9 G SN 7HEA dee
contrast, saturation, well-exposedness& 2H-&-Stc}. o] ¢1Lo] A=
=1 o|n|2]& AFE5ER7] W2l 7HE Al ol saturation @52

Aoz ket B b E g G EolA §EE i ol
o2 o} b A FE-2 F1RE oln A= S LSttt o] ol A= 2
= o|n A 2R E 7MFAE FE6HAL, Y 7HEAE 7Rt R

4 2%

Alehe) HPE-S Z18ro 2, 4w o] Zlo] BE Figure 79} o] 42
% Stk 7o) W] Atz ¥ 32 $15+ Ground truth 2] We] ¢
7] wl, AT o] A% AH o] AA| Zol 2 HolA 27
2 o 28kt oA g 2ol Jwstel, 4 Zo] We
248 ARl sishs BA Yol A AA| Zolet vlwsteic.
Table 12 548 Zlo] Po] H7} A2 Hefzo,

SREE EEREFEREE BRERERE S B
EE shujerz 98 ofm| A to| =9} ohto] EA). ek
Betet ARG 4L @7 g8 Ax BHS AN Bast
olet. A= ofelo] AAE Bekstel AAHTtd 2 D=2 AHE

St o|u| 2] St 4 Aolth T3, AR Fhuet HEg}
NVIDIA Orin AGX 7}F¢] USB 9142 = A|7HS AHald 4~ ¢l

o} o5 OS2 AR WASH AH el A 12F A7HS A2
G % 9lo] o] 27k AL o]n| S P& 4 912 Aoltt
TFE A1 oln] g Fol A% W Zlo] B P 5 AN,
ieo] %7} o} B Zlo] W @717} ol Y. gk A= of g
o U] N=E0] e baseline© 2 13| 7h|etet 525 7ol
oA gre AR o] Zo] P& AL % girk. o] FAE A= o2
o] ] baseline & 27| AA|5te] 12T 4 Gk FAlo] o] 1] %]
AL At o JE A% B 2 4 9ol Pol 54

- 14 -



0.7(m)
L {- 0.0(m)
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Figure 6: Depth map fusion.
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Table 1: Depth map evaluation.

Comparison of estimated object depth and actual depth

Actual Estimated Error(cm) Error(%)
Scene 1 8.1 8.8 0.7 8.64
12.0 13.5 1.5 12.5
13.5 14.4 0.9 6.67
14.5 16.9 2.4 16.6
233 24.2 0.9 3.86
Scene 2 10.2 12.5 2.3 22.55
13.2 13.0 -0.2 -1.52
214 22.0 0.6 2.80
22.5 26.3 0.8 16.89
29.7 32.6 2.9 9.76
Scene 3 17.1 14.3 -2.8 -16.38
20.4 17.9 2.5 -12.25
23.4 23.3 -0.1 -0.43
26.1 29.5 34 13.03
30.5 32.2 1.7 5.57
Scene 4 10.1 9.5 -0.6 -5.94
15.0 15.6 0.6 4.00
18.5 21.1 2.6 14.05
19.6 18.6 -1.0 -5.10
26.4 314 5.0 18.94
Scene 5 4.0 4.5 0.5 12.5
6.0 6.9 0.9 15.0
8.0 8.7 0.7 8.75
10.0 10.3 0.3 3.0
12.0 12.2 0.2 1.67
14.0 13.7 -0.3 -2.14
16.0 15.7 -0.3 -1.88
18.0 18.6 0.6 3.33
18.0 20.1 2.1 11.67
20.0 20.7 0.7 3.5
22.0 21.9 -0.1 -0.45
24.0 24.3 0.3 1.25
26.0 31.6 5.6 21.54
30.0 314 1.4 4.67
Scene 6 4.0 4.6 0.6 15.00
6.0 7.1 1.1 18.33
12.0 13.1 1.1 9.17
18.0 17.6 -04 -2.22
18.0 20.0 2.0 11.11
24.0 25.6 1.6 6.67
26.0 31.1 5.1 19.62
30.0 28.5 -1.5 -5.00
Mean - - 1.521 -
Std Dev - - 1.395 -
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