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Design of focused light field computational imaging system with
four—types focal lengths

Wang Jiahua, Du Shaojun, Zhang Xuanzhe, Li Jun, Wang Yan, Liu Qingsong
(College of Advanced Interdisciplinary Studies, National University of Defense Technology, Changsha 410073, China)

Abstract: The light field camera is a new camera structure that put a microlens array in front of image
sensor. It can not only record the intensity and color of light at different positions, but also record the
direction information of light in different positions, so that the depth map and high—order phase map of
the target scene can be calculated. This technology is limited by the depth of field and resolution, and the
resolution is reduced when a large depth of field is achieved. Its structural characteristics were analyzed
and the relationship between the depth of field and the resolution was derived, and the change curves
were ploted for selected design parameters. Based on this, a design method of a novel light field camera
based on a microlens array with four types of focal lengths was proposed, which can obtain large depth
of field and control the decline degree of resolution in an acceptable range. The simulation results show
that compared with the three types of focal length microlens arrays, the depth of field of the four types
of focal length microlens arrays designed can be increased three times, and the resolution can reach
18.9% of the ordinary cameras.

Key words: light field camera; depth of field; effective resolution ratio;  multi—focus;

microlens array

%% B 81 .2018-09-10; f&1T HH#A.2018-10-20

E €A 4B H (30504050309)

EE B THARA1992-), 55 Wit A | EE NGO RUR BOGHREE G 7 H 9 . Email: 16694660 @qq.com
SN A7 1972-), B 5T 5L, A, RN E e oL & i OB A S 5 i B 5Y ., Email:d_sj@tom.com

0218003-1



9Nk TAE

%2 4 www.irla.cn % 48 &
R A B ey L RY R, X ERE
0 5] 5 F T R R BRI B, (i KR B R IE W, L 58

TERT R AR AR R, TR AL 53 A
150K H B H 5 09T E LR ) RN B LA i TR B 5 S 2
SR TRE NS G, TR T 2ty E
T2 ORI AR R B BF AR AR E e R
e 2R B s5HEAS [R] 7 1] b %) 55 B2 2o A 550 e M i
S A R E G, R A AL A AL Ge A
BL Y 32 37 B TG A% TR 2% 22 T) i 2 Tl i 55 15 471
(Microlens Array, MLA), 523 T X — H#M, L H
J& Lytro Fll Raytrix %5/ m] & A G A ML i LAk
HEGAIAL L IE A [0 13838 0 2 & B il

SEGAHALAT 43 R AR R AL BRI AP, 25—
PR RS ROE RS T BB AT, B
EFRTCIR K (E 2 USRI BER AR, (A5 T 6%
BRCH ke FUE E R b 5 5 A R AR RIS M % oT
eI — e R Ry, ARR%0CT X FE 8k iy AR gt
17 ZU LR U, 3 B RO |, (H A AR
MRS g 5, IRIB TR o BRI IR 2
(] (4 AH B 1 2,

SCHRTEA AT T AL IR S B R 2 a1
KFR, TEMEAE FEE S T —Fh i £ 0B fGE BE RS Y
READEMNL, T AFRIRE S Hirt i~
[Fi] £ 2SR A9 s B PR 41 el D B e R AT | B R
VIRTRZAEMSHH, 28] = EEREETEY Y
FeIGANLR IR 6 £, [RIE 45 il 4 DX dak o0 4 78 o
PRI X3, 58 73 B R AT B 2135l ALY 18.9% , —
FEFRRE LA T OGS AL B AR
1 & =
1.1 &5

TENACHEIL IR Z R, ' eat— T g
AL S

mE 1 FoR, BEERT BRATT X, Sk
B A E I RBESELG T YW, E
T2 8] 1Y 56 28t s 5 )y B R

1,1 _1

PR ()

AP f B G REE AR B BB B 19 Y, AL JCE:
1R I 2AE 64N 1 e X, 3 sl (Y % i T

FAHL R RE K ) 25 18] — i TR 23 Pl o A AR B 1R ==

], X —IREEREIFRZ A =% (Depth of Field, DoF),
B

1 LGP R B
Fig.1 Schematic diagram of a conventional camera’s

depth of field

bR b TARTHO AR, ROt S B
JE FHABEIL RS — A~ o, Wi B —5E 1Y 585 70 A
PRZAZEHBES il RN — A LA 2

sA:1.22%B (2)

KXo, WIHBEEAR N ACIEK ;D NiB AR,
B i G B L AR W BE RS o Fh S R DU AT G 2R
B PR Z B A B B R8N DL T AHBLAL IR
i L HBETT G K TSRV W B A Y
A BEARAS L TR ) — B R, BTN g
AT . X F#=B/D T AE F%™, Y4 BIK
BF, SE BB AR d R 2 38K PRI AR T BE TR T
BRGorHE, R BERR S T REAS 5 B A BR 43

BEEAETT Xo 8RN A 62k 40 i 55 J5 4R
FCRBN BT Y A, TTBBEZETT Xoin~Xnax Z[H]
1 5k RSO 7 M B B R B A MY B AR B
O — R s Ron B EAR . R L UL
PIXR G,

1.1

s=iD(B(7+;)—l ) (3)

A IERSIXN & B>b Fl B<b WG, —4E
TEOLT AR5 B R, F R, B3PR8 SR
b R @
K Loy WAERAHREE s p HRMEITRGT, SEkr |
A R4y PE R H R (Effective Resolution Ratio, ERR)
SEVFN AL T A TR ) B S8 B SR

0218003-2



9Nk TAE

5 2 M

www.irla.cn

% 48 %

R
ERR=—¢=— P 5
R, max(lsl, p, s,) )

W —H S5, &5 HA% D=0.3 mm, fE f=
1.8 mm, fZEEHEITCR S p=5.5 wm, JEIE K A=550nm,
A IFE B=2.4 mm il B=4 mm B} 2§14 3R 1L
R ERR WEEYIHE a (AR R Qi 2 B

DoF

1.0
& (a) B=2.4 mm
5 0.8F
g ERR=0.5
S 06F
s
5 04r
3
= 0.2
0 :
0 k] 10 15
a/mm
1.0
- (b) £=4 mm
3 0.8}
= DoF
= 0.6F
Z ERR=0.61
5 0.4F
k=
£ 0.2t
b=
% 5 10 15

al/mm
2 ARG R R R

Fig.2 Effective resolution ratio diagram
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