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Abstract: Non-line-of-sight (NLLOS) imaging reconstructs hidden scenes by capturing indirect optical sig-
nals reflected from targets occluded by obstacles via intermediate surfaces, and has broad applications in se-
curity monitoring, autonomous driving, and related fields. Existing methods often suffer from weak effec-
tive signals, strong noise, and limited reconstruction accuracy due to insufficient exploitation of the non-
Lambertian reflection characteristics of intermediate surfaces. To address these limitations, a passive
NLOS imaging experimental system was constructed using tile intermediate surfaces of different materi-
als, and the NLOS-Passive-TILES-stl10 dataset was established, comprising eight groups and more than
800 000 projected images. An enhanced-reflection improved U-Net architecture (ER-UNET) was pro-
posed for passive NLOS imaging, incorporating a reflection feature extractor, differentiable CLAHE,

adaptive instance normalization, and other modules. RGB images are transformed into Y, R-Y, and B-Y
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channels, with an increased weight assigned to the Y channel. Multi-scale features are extracted through

an encoder-decoder structure, and SVD-based low-rank decomposition is performed to enable gradient-

aware RGB reconstruction. Experimental results demonstrate that ER-UNET achieves an average PSNR
of 15. 14 dB and an SSIM of 0. 50 on the NLOS-Passive test set, outperforming NLOS-OT and C-GAN.

The proposed method also exhibits strong generalization ability on test data such as faces and icons, provid-

ing a promising approach for the practical application of passive NLOS imaging.

Key words: NLLOS imaging; passive imaging; U-NET; NLOS datasets; ceramic tiles; intermediate sur-

faces; reflection characteristics
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Tab.1 Comparison of quantitative results from different

methods on test set

Method PSNR/dB SSIM
NLOS-OT 14.08 0.50
C-GAN 14.48 0.48
ER-UNET 15.14 0.50
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Fig.9 Image reconstruction results for different methods
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Tab.2 Quantitative comparison of single reconstructed image

Method C-GAN(PSNR/SSIM) NLOS-OT(PSNR/SSIM) ER-UNET(PSNR/SSIM)
INPUT1 11.10/0. 35 15.56/0. 31 15.17/0.37
INPUT?Z 12.87/0.37 12.03/0.42 12.59/0. 34
INPUTS3 14.71/0.51 18.06/0.48 17.59/0.53
INPUT4 15.57/0.25 15.24/0.15 15.21/0. 25
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Tab.3 Reconstruction index of different interface

Relay wall-method PSNR SSIM

White rough tile-ER-UNET 15.94 0.51
White rough tile-NLOS-OT 15.20 0.45
Black rough tile-ER-UNET 17.03 0.53
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Fig. 10 Reconstruction results of ER-UNET under different interface planes
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Fig. 11 Generalization test of ER-UNET

1E I B s EA RIS R A AR . R
I 2B e A Bl Y i, ER-UNET Rt ¢
FI) 2 0L 00 e A% S P R M B 6 R B sRiz Ak

ol
He o

N TR TS NLOS iifg 78 Hbr g 5 B 5 &
YT RE AR SO T 3 T 5 S S R Bl
NLOS %77 % ER-UNET %) % i JE B 2
T B S S M ER-UNET 38 i 58 A 52 59 45 1F 42
BEs Al gy CLAHE | {3 Wy 58 4 5 — {5 38 18
T3 AL R 5 ) A6 AR AIE 2 BB AL O B B, IX
BTG U-NET 584 NLOS W45 B X 2 %k
B 2R 100 SCS ARPE  BETE T R SRR R 1 e B - e
PRAR WAL S8 U-NET JC ik A FH b v 1 S S 45
(4 Je B, 52 BT 6 328 i =1 BRI 3 e 1 1% 7 30
o #ENLOSE# 5] A SVD IRk 53 + # HE
B RGB B 42T T EEACE ., LR KWL ER-



9 3]

THIZ , 55 - 3450 S5 R s AR LR (R U-NET F 1505

UNET #F PSNR 1 SSIM 8 frik ] T 15. 14
dB #1 0. 50, it T NLOS-OT, C-GAN & X} [t J5
%, e NS T A b A AR R

ER-UNET & # 31 NLOS 1% £ R4t T
A5 R R (| R o of LA NI & e K= U
B 712 W 45 Gk 1) S B g  a2E — 25 P Al A AR
g 4R v LT R BB NS M HE HE NLOS %
BE AN Z AN LA, 45058 AU X R
FE AT A A AR R SR AR AT T BRI

S E WK

[1] VELTEN A, WILLWACHER T, GUPTA O, et
al. Recovering three-dimensional shape around a
corner using ultrafast time-of-flight imaging[J]. Na-
ture Communications, 2012, 3: 745.

[2] YANG Y, DU K, WU X D. Iterative optimization
dehazing algorithm based on improved linear trans-
formation [J]. Laser & Optoelectronics Progress,
2021, 58(6): 0610011.

[3] KATZ O, HEIDMANN P, FINK M, ez al. Non-
invasive single-shot imaging through scattering lay-
ers and around corners wvia speckle correlations [J].
Nature Photonics, 2014, 8(10): 784-790.

[4] LUESIA P, CRESPO M, JARABO A, et al.
Non-line-of-sight imaging in the presence of scatter-
ing media using phasor fields [J]. Optics Letters,
2022, 47(15) : 3796.

[5] KIRMANI A, HUTCHISON T, DAVIS J, et al.
Looking around the corner using ultrafast transient
imaging [J]. International Journal of Computer Vi-
sion, 2011, 95(1): 13-28.

[6] O'TOOLE M, LINDELL D B, WETZSTEIN G.
Confocal non-line-of-sight imaging based on the
light-cone transform [J]. Nature, 2018, 555
(7696) : 338-341.

[7] LINDELL D B, WETZSTEIN G, O’ TOOLE
M. Wave-based non-line-of-sight imaging using fast
J-k migration[J]. ACM Transactions on Graphics,
2019, 38(4): 1-13.

(8] # |, FHw%, LYk, F . I CAT TR
MR BT, k% 4% T8, 2025, 33(3):
377-388.

HAN Y, L1Y ZH, JI ZH CH, et al. Technologies
of real-time non-line-of-sight imaging based on time-

of-flight array [J]. Optics and Precision Engineer-

5 P W2 AR BE T A RSkl Y e AL 2 A
A T B FEXS I BRDF 2 800 B0 4R ok i — A0
DL, DT 100 2% RE 65 27 >) B E b oY T
R 1 P A i IR

EE mk AR
THZ HEFR, FRET,ELIET;
BB ERT, ISR E T
ENFH FRFTRIBLELE KT,

ing, 2025, 33(3): 377-388. (in Chinese)

[9] BATARSEH M, SUKHOV S, SHEN Z, et al.
Passive sensing around the corner using spatial co-
herence [J]. Nature Communications, 2018, 9:
3629.

[10] LIW W, ZHOU Y J, et al. Turning rough surfac-

es into non-line-of-sight cameras [J].
2025, 12(5): 626.
[11] SAUNDERS C, MURRAY-BRUCE J, GOYAL

Optica,

V K. Computational periscopy with an ordinary
digital camera [J]. Nature, 2019, 565 (7740) :
472-475.

[12] YEDIDIA A B, BARADAD M, THRAMPOU-
LIDIS C, er al. Using unknown occluders to re-
cover hidden scenes[ C]. 2019 IEEE/CVF Confer-
ence on Computer Vision and Pattern Recognition
(CVPR). June 15-20, 2019, Long Beach, CA,
USA. IEEE, 2020: 12223-12231.

[13] TANAKA K, MUKAIGAWA Y, KADAMBI
A. Polarized non-line-of-sight imaging [C]. 2020
IEEE/CVF Conference on Computer Vision and
Pattern Recognition (CVPR). June 13-19, 2020,
Seattle, WA, USA. 1IEEE, 2020: 2133-2142.

[14] GENG R X, HU Y, LU Z, et al. Passive non-
line-of-sight imaging using optimal transport [J].
IEEE Transactions on Image Processing, 2022,
31: 110-124.

[15] Xl &2, #pda . A G JR GURRIE I 4 R %
REMI]. k5 M52, 2024, 32(14): 2311-
2324.
LIU Y H, YANG H. TIterative reconstruction of
compressive sensing combining image hierarchical-
feature [J].
2024, 32(14): 2311-2324. (in Chinese)

[16] B3E, &4, kA, 5. T Mamba-2 1)1

Optics and Precision Engineering,



1506 e K TR o 34 %
AR R A R M IT R LT] kA R oF ShHK, 2024, 46(11) : 1225-1234.
2025, 40(6) : 881-894. CHEN H P, JIN W Q, LTI L, et al. Study on
SHI D P, XU W, PIAO Y J, et al. Reconstruc- BRDF scattering characteristics of relay wall in
tion method of video snapshot compressive imaging non-line-of-sight imaging based on time-gated
based on Mamba-2[J]. Chinese Journal of Liquid SPAD array [J]. Infrared Technology, 2024, 46
Crystals and Displays, 2025, 40(6) : 881-894. (in (11): 1225-1234. (in Chinese)
Chinese) [21] RONNEBERGER O, FISCHER P, BROX T.
[17] SHARMA P, AITTALA M, SCHECHNER Y U-Net: convolutional networks for biomedical im-
Y, et al. What you can learn by staring at a blank age segmentation [ C]. Medical Image Computing
wall[C]. 2021 IEEE/CVF International Confer- and — Computer-Assisted — Intervention-MICCAI
ence on Computer Vision (ICCV). October 10-17, 2015. Cham: Springer, 2015: 234-241.
2021, Montreal, QC, Canada. 1EEE, 2022: [22] METZLER C A, HEIDE F, RANGARAJAN P,
2310-2319. et al. Deep-inverse correlography: towards real-
[18] T, frk, Mk, F. ELFHREEIHIER time high-resolution non-line-of-sight imaging [ J].
WS [T]. k% F |, 2019, 39(7): 0711002. Optica, 2020, 7(1): 63.
YUTY, QIAOM, LIU H L, ez al. Non-line-of- [23] PIZER S M, AMBURN E P, AUSTIN J D, er
sight imaging through deep learning[J]. Acta Opti- al. Adaptive histogram equalization and its varia-
ca Sinica, 2019, 39(7): 0711002. (in Chinese) tions[J]. Computer Vision, Graphics, and Image
[19] PHONG B T. Illumination for computer generated Processing, 1987, 39(3): 355-368.
pictures[J]. Communications of the ACM, 1975, [24] HUANG X, BELONGIE S. Arbitrary style trans-
18(6): 311-317. fer in real-time with adaptive instance normalization
[20] MM, 24HE, 24, F . BT SPAD 5 [EB/OL]. 2017: arXiv: 1703.06868. htips://
AW A% (4 P A T BRDF SO R e pise (7], 4o arxiv. org/abs/1703. 06868.
E&E I BIRIEE:

FHZ(2000—), 5, W AR, Bl
T WA, 2023 4F T AL 5 B LR AR
G e e DANE SR\ 3 | R ||
WOCERM 5T . E-mail: slintonyu@
163. com

EHEHEH961—) .5, B L H
P, T S, 1982 4F F b 5t Tolk 2
B 645 2 b2 A0, 1990 4F T AL 5U 3 T
KRB0, FENFERAY
LLAMEE AR S R A 3 % v s
S A5 5 Y W 5E . E-mail: jin-
wq@bit. edu. cn



