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Target contour image reconstruction based on reflective
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Abstract: Reflective tomography LiDAR (RTL) reconstructs target contours by acquiring laser echo projection data,
but incomplete angular detection in practice often leads to insufficient projection data. To address this issue, the authors
propose a target contour reconstruction method that combines the structural sparsity of projection data with a super-reso-
lution convolutional neural network (SRCNN), based on the principles and technical implementation of RTL. This ap-
proach effectively resolves the failure of traditional algorithms when projection data suffers from severe angular deficien-
cy. Different from conventional RTL imaging methods that directly incorporate sparse reconstruction models, the au-
thors first recover full-angle projection data by integrating sparse constraints with SRCNN based on geometry prior of
the projection data, followed by standard RTL imaging algorithms to achieve complete target contour reconstruction. To
validate the effectiveness of the proposed method, the authors design laser echo projection simulations based on the fac-
et model and conduct field experiments. The results demonstrate that the authors achieve high-quality target contour re-
construction under varying levels of projection data missing conditions.
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Fig. 2 Flowchart of target contour image reconstruction from LiDAR projection data
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10°BEHL  25.88 24.43 18.91 21.31 25.66  25.57
60" 24.89 24.87 20.74 24.11 22.63  25.43
120502k 23.76 23.64 19.69 22.87 23.53  24.89
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45 5L 1 PSNR (- 35 8 TAZ G530k DU AR vk 45
SEBE , UEZ O VA e A RO PR . R L2
T EE R 5 BT TR A5 R AT — 3, PR A 1
7T T TE A R O R A R R Y
ARt XA BRAE T B H bR B R E i, A
Frhu[ LLAE B, $2 A9 SS-SRCNN-iRadon 77 ¥ 4
SSIM 1 PSNR B AH Eb T4 B AR EE T R R LAl A F oy
T E A R A R RS B s ikt
AR RS E AR ) U A . O e
172 T SS-SRCNN Ay 4% 5% £ s K &2 Jm R AL Ge iy
iRadon B #E 17 BUA% , BT L) SS~SRCNN-iRadon 7F i
B O U 3 R 4 UL B 25 SR AR BR R 55 T TV -
mART HI NLM-ART, {H SS-SRCNN-iRadon iz &
BRI 5 T TV-mART fI NLM-ART, 3 T2 J it
(T AR 3. 3795 TP 45 H LR 43 #T
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Fig. 8 RTL outfield experimental device and data: (a) laser transceiver device; (b) experimental detection target; (c) measured laser

projection data
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Fig. 9 Reconstruction results of the measured RTL data

A 10785

o =. . . .

(al) (a2)

10°BEAL 60°HK 120° k4%

(a3) (ad) (a5)

- - -

(b1) (b2)

(b3) (b4) (b5)




10 EAND ] SIS =

XX 4

:

(c1)

ART

(d1) (d2)

.

(el) (e2)

.

(f1) (£2)

SS-SRCNN-iRa-
don

TV-mART

NLM-ART

(gl) (g2)

.

u.

(c3) (c4) (c5)

(d3) (d4) (d5)

(e3) (ed) (e5)

(13) (f4) (£5)

(g3) (g4) (g5)

KOs Bl AT LA W FE 4 A B T Y B g 1
PR E W0y, BRI H A 09 %8 B R4S 2R 47 1Y
FEOE S DO T DM@ 2 & TR g = O W e
L E A R R B I H R 2R i
TV-ART 5 @45 RAE N GRS AR5 H R FRE IR
77 THT F I A SR A R R e R AT 32
B sEm . A2 T K 9(£2)-(3) i NLM-
ART 5 55 AR Ph s 22 B L IrE AR w B & .

B AR BE TR R R A s T A H AR TR R R AT
iy &1 9 F H1 5 SS-SRCNN—iRadon #h , Hi 4y i g 4t
FIG Y B bRfe R34 28 51, HRR IR 20 5 bR i) —

W44y . 1 A1) SS-SRCNN—-iRadon 77 32 7] LLAR
I b A HARFEJEE , 5 4 A B AT, FRUIE
45 H 1Y SS-SRCNN-iRadon 77 s 75 47 BR £ & % 5%
B T B R A S

FH EC A0 ELSC 5, FE SO AN g S0 52 560 v G
A H bR R R E R X — B S % {5 B, SSIM
PSNR JCv& A R A7 BUR B s A, LA 15 51 A
H 2% 8 %515 B (Information Entropy, 1E) A4 5
Z %0 (Correlation Coefficient, CC™"'VE i RTL S| 52
B AIEMMeR. IEARREURNGE R FERE  IEH
MK R MG B L RTL B R R & Hx



XX B T R ENTHOCE IR AR R R 1

SR ANEM . 1ERYE LA

[E==) pnp, (21)
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cov(4,B)
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Table 3 IE comparison of the reconstructed images

using different methods

SS-
NLM- TV-
ART  FBP iRadon SRCNN-
ART mART
iRadon
il 6.03 5.806 5.76 4.43 6.01 5.93

10°/E]f%  5.03  4.63 4.53  3.91 4.87 4.91
10°FEHL  4.96  4.58 3.91 3.87  4.83 4.88
60°H 472 4.57 3.57  3.41 4.84 5.62
120602 4.01  3.23 2.98 2.68  3.95 5.43
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Table 3 CC comparison of the reconstructed images

using different methods

SS—
NLM- TV-
ART FBP  iRadon SRCNN-
ART mART
iRadon

10°18]B%  0.878 0.835 0.791 0.735 0.877  0.833
10°KEFL  0.803 0.772 0.755 0.653 0.828  0.822
60°HL  0.451 0.423 0.412 0.398 0.431  0.614
120°52% 0.232 0.211 0.207 0.173  0.243  0.598

CIRDR S i e g < i 3 S N il R
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B XA BR A B OB BE T i MR E A, S Y
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