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Target contour image reconstruction based on reflective
tomography lidar
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Abstract: Reflective tomography lidar (RTL) uses laser detectors to obtain target echo projection data from multiple an-
gles, and then reconstructs the target contour image. Although the spatial resolution is not limited by the detection dis-
tance, the acquired detection data is often incomplete due to the limited detection angle. Therefore, while introducing
the principles and techniques of lidar reflective tomography, this paper aims at the target contour image reconstruction
with the projection data under incomplete angles. Especially in lack of projection data under many angles, a method
combines structural sparsity of projection data with super-resolution convolutional neural network (CNN) is proposed
for RTL target contour image reconstruction. Unlike introducing sparse solving model in traditional RTL imaging, this
paper restores the projection data under missing angles through structural sparsity of the projection data. And then, su-
per-resolution CNN technique is adopted to further recover the restored full-angle projection data. After, the complete
reconstruction of target contour image is realized by using RTL imaging method. The laser echo simulation is designed
based on the panel method, and combined with the field-measured laser echo data experiment, the image reconstruction
capability of the proposed method under different detection conditions is verified.
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Fig. 2 Flowchart of target contour image reconstruction from lidar projection data
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. PSNR B9 LUNF ;
(MAX,) MAX,
~ 20 loe0 SE (19)
Soof MAX 27 Q. 605 % 218 MSE 2275 A/
Ry mxn (4 JEUIA EAR 1R EE G KR K Z 8] 34 5 1 2
(Mean Squared Error, MSE ) , HoiE X UNF -

PSNR =10-log,,

L e T
MSE —E;;[l(la])_l((l’])] (20)

LA 3D Max A58 7Y 1) - 1 5 52 8 J6 1 {4 O L 4y
225 BB, o3 IR 10 rh 2% H A 45 2R 79 SSIM AN
PSNR A ANZR 1 A2 7R
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Table 1 SSIM comparison of the reconstructed image

by using different methods

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

M 0.925 0.916 0.816 0.751 0.927  0.903
10°Malk%  0.741  0.673 0.533 0.372  0.754  0.737
10°KEHL  0.717 0.611 0.529 0.331 0.725 0.724
60°BE  0.602 0.601 0.499 0.310 0.652  0.722
120°5155 0.499 0.495 0.321 0.226 0.531  0.699

®2 FAEEEEZEBKRAPSNR
Table 2 PSNR comparison of the reconstructed image

by using different methods

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

SfIFE 28.95 28.25 25.41 25.49 28.74  28.66
10°[A]f%  26.66 25.87 23.61 22.09 26.55  26.41
10°FfFL  25.88 24.43 18.91 21.31 25.66  25.57
60° B 24.89 24.87 20.74 24.11 22.63  25.43
120°B4%  23.76  23.64 19.69 22.87 23.53  24.89

MR LU e, 500 A B AN AR AE B G B
TCie 4 A B I S F B WL £ B2, TV-mART fY SSIM
fon T H A B 2 A, 2R A By A L H At B
HAE W ESEREGES . FE, NLM-ART & £
S50 PSNR(E W18 i TG G0 1 DL M HAR Rk 2
A UEWZ T R s A RO RS . R 12
H 25 SR 5 110 H 2 SR o A — 2, iE— 25 UE
3.2 T AR T B O VA A A EE AR s O A
P L5 B A A A 5

XA R AT Y H ARSI g,
Al LLA #), 41 H #) SS=SRCNN-iRadon J7 ¥ Y SSIM
FTPSNR {EAH L TA47 BR A1 E R B4R 7 &
PR A A R A IR K4 &, I h O R A BR
FARE T EMSR EE JE RE ) U e AE . RO A R AT S
T+ SS-SRCNN my#% sZ 5k 52 e >k FAL 4t 1Y) iRadon
BT 1%, T L SS—-SRCNN—iRadon 75 5 5 W8I
B A4 A L0 B 25 SRR AR RS 55 F TV-mART Al
NLM-ART, {H SS-SRCNN-iRadon ¥ iz 4. 4% %8 % it
& T TV-mART I NLM-ART, 3¢ Tz & & 16 et
TE4. 35 s BAR R 4347
3.2 ELMEEZITFLE RS

B0 ELAN AT A7 S e AT 41, O o b
Fb 55 4% T 1 A6 X S [) B0 i 2 15 400 1) H A e JE
FMGE#EES . K11 FTR N RTLAMG LR E S
s, B 11 (a) W OB IO R B 8 R B i ik e
1 100ps , 45 9E A 10GHz, & 11(b) MM H 45— =
TN, B3R 4em, BTS2 M0 1357, 460 H
P A B S O & S R 30 Kk Ab , UEERD 25° () fE
E M ENER . 505 B SLE AR R] AE AL BE A1 g S
P F 2 EAT RN | v DL K 180° 5 B U 6 8 25 191
AR A R LR I R SVD BRL AT R A UE
P, X 0—180° A3~ 1 2 X 107 114 — & 3406 [l e 58 43
AT UGG, 1 otk () G—S BB E S OB B
P HEAT ECAE SR 5 MR S 2 S AR e 4 G R
360° W S S 45 BCH e 46 1 180° 335 S 43 i
RN 11 () FiR e Bl 5, kvl DLk T H
PR B MR 0 F

TE 56 L IAL R, >R FH BIG  d SvE X 4 %
PEHEAT RTL SR o A5 X 0-180° £ B T Y 52 0 %5
P43 M HEAT 10° (I BE3 5) FREHLRAE L 60° £ 52 F &
iR DA K 120° 485 A7 BE B AR 68 g SO B A 8 A%
B JL AP 15 % . R ) TV-mART. NLM-ART, SS-
SRCNN-iRadon [ RTL &4 8 & )7 15 LA B AE A5t E
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Fig.11 RTL outfield experimental device and data (a) laser transceiver device (b) experimental detection target (c) measured laser

projection data
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Fig.12 Reconstruction results of the measured RTL data.
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X HH ¥ ) i HE R sE _
Bl 12 i B AT DA R AR B R i S A ]E__zpilnpi 1)

PR 0y, FLER I H A 09 58 B 0 A5 B4R 47 19 &
A BT A B B RS A e e
AL E SRR E I A RS2 R M
TV-ART 5 245 AL H G AR A 73 BARFRIEIR B
7 THT F I T A 8RR R e R AT 32
B . A2, B 12(£2)-(3) 1 NLM-
ART 5245 AR5 B VR AR & W & .

SO A BE T A3 e A H b AR B R
iy 18 12 & ) & SS-SRCNN—-iRadon 4, Hi 28 e 8
AEMG R HiRFe R I, Hae i E B0 B ARy
— B4 . i A SS—-SRCNN-iRadon J5 3% 1 LA
ARGt H PR G B, 5 4 A FE 5 R A% T, PR
TEHA 42 Y 1Y SS-SRCNN-iRadon 75 ¥ 75 47 B £ i 4%
SRR AT ARG AR

FH EG A ELSC 5, 76 WO AN S S50 v ik
> B AR S S X — S % (5 B, SSIM Al
PSNR JC kA R AT EUS BT f V P f , R AR 5 5 A
H 2% 85515 B4 (Information Entropy, 1E) F14H ¢
Z ¥ (Correlation Coefficient, CC)""'VE K RTL 3L 5L
BT dE bR . IEAAREMG G B+ E R IEHE
HRF R BMG M5 B 78 RTL H RIR L 4 B Ax
TR AE . TE R LUE

Ho p 2 BUSAR 2 SRR R i AR

CC FR UG Z [ B AIALEE , Hoe AT

cov(4,B)
Jvar(4) var(B) (22)
Horp, AT BIE AT LIRS, cov Fem A FI B Z [H]
Mt 2, var Bn 22, CCHIEA T O0F1 1 2Z[H],
M CCAAMERT 1B, AN G EAH DL 7 RTL 5256
o TR A A T Y S SRR 5 A T
FHLRN CCHERIN BGERLFRE ., B 12
A RS A TE A1 CCEUNZE 3 Fl 4 FiRs .

i DUE TR A BRI AN TR Dy A 4R

®3 ARAEZEEEZEKHIE
Table 3 IE comparison of the reconstructed image by

using different methods

SS—
NLM- TV-
ART FBP iRadon SRCNN-
ART mART
iRadon
S 6.03 5.8 576 4.43 6.01 5.93
10° 7] 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°HRIE  4.72  4.57 3.57 3.41 4.84 5.62
120°Hk4e 4.01  3.23 2.98 2.68 3.95 5.43
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Table 3 CC comparison of the reconstructed image

by using different methods

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

10°/E]f%  0.878 0.835 0.791 0.735 0.877  0.833
10°KEHL  0.803 0.772 0.755 0.653 0.828  0.822
60°H  0.451 0.423 0.412 0.398 0.431  0.614
120°5k45  0.232 0.211 0.207 0.173  0.243  0.598

2 19 5 R TR (R R B . (R T B A 4
SR, 8 NLM-ART A9 B 845 5 B A e = 19 1E
B . ffFH TV-mART 153 2 /) 25 5 CC{H 5% & , UE B
TV-mART J7 i 5 @ KR 1 808 DL & NLM-ART 7
Pl 25 Bk R RCR B0 0E T 3. 2 9 i TR
P H B AR B RTL R E i A 80 . R AR
AL B PR A RO RO B T Y G
A J7 i SS-SRCNN-iRadon 77 12 Y TE H1 CC {E 41
P HR R E RS R ARG
S5 )5 1 ART B30 e, RS % 06 2 A FE
I FH iRadon 55725 B R MG 45 T ART 86, 7E 80
AR R B AT E A, TR IE S cCH¥ & F
ART 8.1, i1 M6 IE SS-SRCNN i 52 #5554 i 1
AT IS A — 7 LB ) A Rt
3.3 ZEEXE

TEIG S50 T, iRadon 15 B (500 15 SN 4052
BT B ERAE  X — R R R B T
Q05 BERRBEE, FLE 24 O (pxMXN) , p 3%
INEFEEL, MXN 3R 5 2 MR KN s FBP BUL A iRa-
don FIEILR_F3E N T U8B, HO MR G 22N 0
(pXMXN+px (N=p) ) , N-p R R AL ZFAH ; ART
248 ] Kaczmarz 2647 SR A, 4 0GR AR 75 4 4%
FEBBENGREITEN, TR E S E o
(KxpxMxN) , K %75 AR UEL; 1T ART 7 i 5 g 45
T SR FH R 40 BN s S 5 4% Bl O (K< (Mix
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don FV5 52 4% B B A, THER RO B i IOCAEAS 9 25
Il SS-SRCNN ¥ & #5% K& 5 , >k 1 iRadon
SR LA T AR T AR Sk A T A, S
45 KE) T A 1 4855 B0CH P O 3 — el R 1 A R
58552 BURAG R A A 5, 1A SRCNN #5543 Ho
X — it B S A BB R KN L R
¥ KINA X, # SS-SRCNN-iRadon [ 5 2% & K O
((N=p)Xk*+(MXN)+(pxMxN) ) , Hoh k2 78 B F %

RN TESL B B o 3x3, B AT LA H 4
TEAETH R S 2R B EAHOBUEARUE K, ALAL 35 R /
S MXN F 2 [ B Ik L K T R e ikia 5, 5 4%
JE R KRR, £ PRk PR S A OR (9 [R] R PRAIE T
BT RRCR

4 HiE

AR SCHFGE T RTL B A ) 5B K S, -5 X 3%
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Peo BR TR R AR S ART B9k 45 540, AL
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o R0 90 43 5% B30 Hi X — B B A AR R = 2
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