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Freeform Light Distribution Design Based on Deep Learning and
Length-Energy Mapping

Zhang Hang , Chen Jiawen, Hu Yuejiao, Xiu Longwang, Yan Jinhua
College of Science, Zhejiang University of Technology, Hangzhow 310023, Zhejiang, China

Abstract In optoelectronic applications or specialty lighting such as laser projection, structured light, and beam
shaping, a non-imaging optical system is often required to achieve a specific light distribution design. For this
purpose, a light distribution equation was established to describe the optical system. After the beam, the optical
surface, and the target screen were discretized, the mapping relationship between the optical path length K of the
sub-surface and the energy E at the target point was leveraged to obtain the corresponding light distribution equation
under length-energy mapping. Although adjacent optical path lengths were subject to complex nonlinear competition
in the length-energy mapping, K and E enjoyed a favorable monotonic mapping relationship that paved the way for
introducing a deep neural network to fit the length-energy mapping. Then, deep learning was adopted to solve the
light distribution equation as an inverse problem, and the required freeform optical surface was thereby obtained.
With English letters and Arabic numerals in an input lattice of 28 X 28 as the training set, the design of optical
surfaces with the corresponding character illumination distributions was achieved through multi-dimensional parameter
adjustment and training of the three-layer neural network. The structural similarity of the optical simulation results
reaches 99.97 %, which indicates that the deep neural network can memorize (or store) the optical surfaces of each
character by learning. This is equivalent to building an efficient and scalable intelligent optical character library. The
basic light distribution equation established with complex media provides an elementary theoretical framework for
existing light distribution methods and is conducive to the systematic expression of the theory of non-imaging optics.
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2#1#,»'+(:1
Z(x,y)zﬁ
pe T py +C
26,0, +C.
cCxy) = T (12)
o, +o, +C,
( y— 0.y +C3
Y 75.;-0} +C,

KHrep, Mp, HE&EACHHEFHE 0, Mo, 2
R o, BYI T 22:C, . Co A1 Cy 2 IE WAL H 2L,
TE 55 BE A — 46T 9 BRIAE 4359124 0. 0001.,0. 0009 A
0.00045,

PEIE 7Ca) 5 7 (b) v 6 0 45 R R
FEBE 7 5IE R x Fly D H — bR R AKX AD
A% SSIM K 99. 97 % . X F W] DNN-KE 777415 5
MY RREE 43 A 5 SEM 358 45 R B A 1R m 0 — Bodk,
DNN fRIF #4047 KE B St th 5280 7T HR 4 7 2 B8
JEE R T 27 3% THT 3 A 396 [ R0 ) oK A

4 4k 1w

— M ERR G R Goal H AT i — B T R R
A S T B R iy B SR 0 kR L i AT
607 B A R A ARG 2E 1 SR Oy AR L R R g
Sl EOE T B E TS BRI, —
AHES N SEM FHECOE T FE . SEM HfEfE S E 42
AR LR e 4 G R L ARAR A T B GT OC R A SR M L oy
FIAHAT RAFJE 2k M % 35 8 1 1 DNN K814 KE
B S5 E T 185 B IR 2 ) B O AL ML A 2 T DNIN-
KE J5 ¥, 528 T DNN Fl KE B 5 i 2R B BE & 5
B LA SCE BB 7 AP B80T R 9 L A R AR
H 28X 28 By LAE TR L T Xk = 2 M 25 W 2% AT £ 4
JE V20 00T I e o DR 2 BAE 1 5 4 R BE 43 A3 1Y)
SeF iR, FFE S WRM L, 1 SEM 38 H A 2
20 min, DNN-KE 77 fj 5 45 5L (1% 45 44 AH 0L ik
BT 99.97% ,53E T DNN ELA5 1R {F-$0L & 2 fig e 5

fIfiE 7). DNN-KE B3t/ 8 & LA T DNN 38 i
2 2 AT L AE (B ) B A A5 19 06 27 S 2 i, B
AT DL EEST — > i RO RE O 2 FAF E  AE R A R
L IF BAZ G20 I R A A7 AT 22 10 g

F—#4%F DNN-KE ¥ 35 2 #9 1000 2 fig it
A7, B DI 25 82 o (9 5 4 5181 28 i A7 100 00 F
i s ANTE JR A AR S ity 13 S A% L B ol A T S
ERAEAE AR U 2R 8 1Y B FEAS, w020 3 Uk 45 SR R W)
DNN X~ 25 A1 F B 10 002 A7 2009 .

s £ X #

[1] WuR M, Feng Z X, Zheng Z R, et al. Design of
freeform illumination optics[J]. Laser & Photonics
Reviews, 2018, 12(7): 1700310.

[2] Fang F Z, Zhang N, Zhang X D. Precision injection
molding of freeform optics [J]. Advanced Optical
Technologies, 2016, 5(4): 303-324.

[3] Tai W, Schwarte R. Design of an aspherical lens to
generate a homogenous irradiance for three-
dimensional sensors with a light-emitting-diode
source[J]. Applied Optics, 2000, 39 (31): 5801-
5805.

[4] Mendes-Lopes J, Benitez P, Minano ] C, et al.
Simultaneous multiple surface design method for
diffractive surfaces [J]. Optics Express, 2016, 24
(5): 5584-5590.

[5] Ries H, Muschaweck J. Tailored freeform optical
surfaces [ J]. Journal of the Optical Society of
America A, 2002, 19(3): 590-595.

(6] 2%, RBENS, EF%, 5. k&b dE k500
FRHERAL]. PEBOE, 2008, 35(7): 963-971.
Luo Y, Zhang X P, Wang L, et al. Non-imaging
optics and its application in solid state lighting [J].
Chinese Journal of Lasers, 2008, 35(7): 963-971.

[7] WuRM, XulL, Liu P, et al. Freeform illumination

design: a nonlinear boundary problem for the elliptic

1022003-6



M RILX EA2 % F 10 81/2022 £ 5 B/ HFER

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

Monge-Ampére equation[J]. Optics Letters, 2013,
38(2): 229-231.

Chang S Q, Wu R M, An L, et al. Design beam
shapers with double freeform surfaces to form a
desired wavefront with prescribed illumination pattern
by solving a Monge-Ampére type equation [J].
Journal of Optics, 2016, 18(12): 125602.

Michaelis D, Schreiber P, Briauer A. Cartesian oval
representation of freeform optics in illumination
systems[J]. Optics Letters, 2011, 36(6): 918-920.
Ma Y F, Zhang H, SuZ Y, et al. Hybrid method of
free-form lens design for arbitrary illumination target
[J1. Applied Optics, 2015, 54(14): 4503-4508.
Oliker V. Controlling light with freeform multifocal
lens designed with supporting quadric method (SQM)
[J1. Optics Express, 2017, 25(4): A58-A72.
Lucas A, Iliadis M, Molina R, et al. Using deep
neural networks for inverse problems in imaging:
[J]. IEEE Signal
Processing Magazine, 2018, 35(1): 20-36.

beyond analytical methods
Goodfellow I, Bengio Y, Courville A. Deep learning
[M]. Cambridge: The MIT Press, 2016: 167-227.
WASY, MO, B, SRR TR EE AR T 0 i MR AR
PG > P [J]. % =M, 2020, 40(24):
2410001.

Hu F, Lin Y, Hou M D, et al. Super-resolution
reconstruction of cytoskeleton image based on deep
learning[ J]. Acta Optica Sinica, 2020, 40 (24):
2410001.

R, Ma i, BES, 5. BTN ERIRE
Y HE i 2 A R IE A I (7. WOt 5t kR,
2020, 57(22): 221502.

Wu T, Yang ] C, Liao R Y, et al. Weld defect
inspection of battery pack based on deep learning of
linear array image []]. Laser & Optoelectronics

[16]

(17]

(18]

[19]

[20]

[21]

[22]

1022003-7

Progress, 2020, 57(22): 221502.

EX, ER, FHEY, S WES I E R T
NI, Je2#2#4, 2020, 40(1): 0111002.

Wang F, Wang H, Bian Y M, et al. Applications of
deep learning in computational imaging [J]. Acta
Optica Sinica, 2020, 40(1): 0111002.

i, BrEY, M, . 3ol gt R e
Wit HIE R RS M T]. st ddk, 2021, 41
(1): 0108001.

Yang T, Duan Y Z, Cheng D W, et al. Freeform
optical design: theories,

imaging system

and applications [J]. Acta Optica
Sinica, 2021, 41(1): 0108001.

Gannon C, Liang R G. Using machine learning to

development,

create high-efficiency freeform illumination design
tools[EB/OL]. (2018-12-12)[2021-03-02]. https://
arxiv.org/abs/1903.11166.

A, e Ot it M. dbat: BlAA
FiAt, 2016 7-12.

Zhang H, Yan J] H. Nonimaging optical design[ M].
Beijing: Science Press, 2016: 7-12.

R 2. BE T SQM A oG24 i I i 1 22 2 5= i i
JEMALBETE[D] . BT - WiVL Tk K2, 2018: 32-51.
Lu J D. Orthogonal polynomials surface smoothing
based on the free-form optical surfaces from SQM
[D]. Hangzhou: Zhejiang University of Technology,
2018: 32-51.

Innes M. Flux: elegant machine learning with Julia
[J1. Journal of Open Source Software, 2018, 3(25):
602.

Sara U, Akter M, Uddin M S.
assessment through FSIM, SSIM, MSE and PSNR:
a comparative study [J]. Journal of Computer and

Communications, 2019, 7(3): 8-18.

Image quality



