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Target Extraction of Infrared Fingerprint in Criminal
Investigation Based on Improved U-Net
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(Tianjin University of Technology » Tianjin 300382 ., China)

Abstract: Infrared image technology is applied more and more widely in the field of criminal investigation.
Heat traces left at the crime scene can be used to gather more evidence for the case. However, there are al-
ways some problems such as unclear contour and fuzzy extraction effect existing in infrared images. An image
object extraction method based on improved U-Net to solve these problems is proposed in this paper. Three
layers of up-sampling and down-sampling are adopted in the network structure. Double-cubic interpolation is
used for up-sampling, and 3X3 convolution with step size of 2 is used for down-sampling. The shallow feature
and deep semantic information are combined by skip connection. The introduction of Dropout and Batch Nor-
malization structures makes the network converge faster and better. Taking infrared fingerprint of criminal in-
vestigation as the research object, the image object extraction effects of U-Net, Sobel operator, watershed,
maximum entropy and Otsu are improved by comparing experiments. The results show that the U-Net net-

work built in this paper can extract the contour information of infrared fingermarks more completely and effec-
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tively, and good results are achieved in the extraction of infrared fingermarks.

Key words: improved U-Net; fingerprint infrared image; criminal investigation image segmentation

0 5%

WEE 2y . /T KM
“HaET FTRAMIE AR, BRI
Iy HT S AL FRE o R R L. YRS
FERAR TR, T LML AR b P i ]
i R Rt R g — 2K EYE . HarF
BAFAEYIIE (N5 28 NI SR R W0, 18 15k
B, N3&E e 2355 (3R B S 5 Tm) J e,
B AR . TR SRR 35y w2
KBRS .

Tl T 21 41 152 ) FH AR ASCHRE R ol 7 o
5% B8 1) R AR AN AT DL 1) 21 4 b P i B 6 il 1) ] D
PG, BAT 0 ] W A48 AR BT A B VF
ZRE . LLAN T ENEMGAE IR T 320 A 0 ok et o
JEANT] 20 () —JEUE S . AT DAk 4 g\ # T
L BEREXHRE RIR . i H R A LA
G RE A IR B R e 5 . 40 AR
WATEVF Z 8 DL b A B R e, =22 W
T8 Wk SR ANEG BA B E AT
EME. MTFR-—E, AANEG S A G E R
BIRKEX . #5522 EGERH . R R,
PO ZE RS, T ARG A Xt
FLEEAG . EURME S 2. M RAEEE T . Bl
AR TR T 21 A1 PG A A A7 1 RS H bR 38 JBEAS
M. GRS R, X o R H BR R
iR B2 B (5 T

LA, VT2 HIELLANEIR I B AR iR
B 18 345 TR Z R . Ghaneizad M 251 5
1 F 3 5 b R AR B AR IR R A TEZOR 42 1
PR A B AT SE B ER Y B AR, B
S gE G Canny $ GRS AU (B 75, HOKHE
T E DGR AR BUSCR . X 5 S B R
SRS H AR XS DR B (), 4R T
ST eI AR AR R A3 B0 X I8 H AR P U
LA IETF ViBe F 25 16 1 X 38 H b 42 BUE

http://journal.sitp.ac.cn/hw

W KA IO m R AR, PR T —
FPLLA GG 5 5 3 B s .l 5| i FI (e
AR B, o] I O B L AN B bR )
VR R s 1) 29 RO C 28 3500k o 0 4o ik
X3k, 254 B bR o6 R 0 ok 2 8 X I8 4
ERNEVAC S VA £ Y S P /-8) 3 R
MEIEARSRBCR, 2T —Fh ik H bR s
o BIBERE T M TS MER
FAER ROT S By . AT 1] 22 20 B 285 0
e i/ BARa . 0] B DI R AT 3R 28 40 R LA
E—L A /NE L IR AR Sy ER ROT 43 5
HEAT (R 23 31 DT 52 B

X LE KGR H R4 U7 VA TR S AL
e T e . TELLAN T BN ER AR O BOCR A
. EREEIMEHANREB G, ETHHR
Pz 9 2% 1) B 4% 2 ) Bk (FCN 2 U-Net,
PSPNet S8) M4k $2 11 . X Se B FR B AT 1z 1k
RE 758 . 4 HIKG B 1 R . SR SED Y A X
TGRS B R AN ROEETE UfE B &
Ky N EGRBE TR T — R 1]/ B AR
B HIE DeepLabV3 -1 XA BB R, 4 6
FEAEDE P Bk R fE B 2. BiR
ME DL B RO AESE R, 2 T — P T
KT G B AR A i 5 o SCRAAE BRI EE AL . A
TR SR . 2040 T B0 H bR 2 AR
J& TR 0 oy #E0 B, A S0k
PR Je R JBE 2 2] Oy i o T B 21 40 - B R
PR AN SE B, T BRI, A SCHE Y —
Tolt 35 7 35 B A 25 ) 2% ) A SR IR AR

HIRBILLHNTENH R R I B, A TR
PyTorch 1. 12 HEZE v #5 7 F I 25 H A 204 T Ep
FRAESRICRE 1 9 U-Net BEBL, Jf-38 i Dropout
1 Batch Normalization ZEEVEAL R Y ,

1 HEE
TESCIRAOT TN . A0 TR 8 A DL L2

INFRARED (MONTHLY)/VOL.44, NO.5, MAY 2023



48 . Hb

2023 4 5 H

K1 25 FENE R

FIRBAEI I TR . IS 0T, 2y ]
FHLLAMEBACR E G 1 T 5 . TS
B AT WG ME DR R AE D . A XA 48
1) F-ER G T 0, AT AAS B SRR T
EDEFRH 4. T IE s E T, Rl A
[T, ZLAPEIMR 2 Ok B . o T k15
THWLLAM T EVRRAEAS B, . A SC ST SR
LA T EARAE AR B A HR IR

A SC S i g S 2 Fluke Tix640 2140
PN B] . B T BB H A B AR S
B DIORIAAEE . AN [R]85 B B 1) o) 8 b A 21
SRR FEAT OB . AR R SE g AR AT 3 418 5k &
o X HFEATREIEFN 432 . A% 3] png #52X
A, ik Labelme 4 #F 47 bR 3. AL B AR AR
json SCAF CEPLRAE 0 43 F 3 AR bR ) o R4 HL %
1505 53 B S R FNBR 2 R . R ik 2 8] R4y
BN R4 370 5k BRUE4E 24 5K AT 4R 24
gk fEHA A SO BR SR . fAE S AL BTG
1y png kX B R wlanE 1R
2 #F gt U-Net oy il 4 2 40 F 97 B
R B

AR SCIR IR 38 W AS [ ] 1B] Be ) 21 0 T B i
A7 N AR B4R 7 5 25 19 U1 5 4R 3G Tk 4R 5
L Y 2 25 R A IS 0 2 R B TN R
B, o) RESR UG U-Net AL 7E
R UE R VPAE VI R8s ROF R M B S50 &E
TR AE S A BN b i U-Net F8 41
HNFENFEIEE J . ST U-Net P45 (12150 F-Ep
HARSEIBCAT 73y B v 4 (UL 18] 2 vp i o 68 0
MM &IN5 e OLE 2 H s )

INFRARED (MONTHLY)/VOL.44, NO.5, MAY 2023

PN TRy FEAS B S A 2 B )5 R AR
BB AR, ] DL R AT AT B 4
g R, AR SCH A U-Net M85 anlE 3 fr
7R o

2.1 i U-Net 5= 5Y

U-Net W&t JE TH MMMy, 5HA
GRMEME AN, BRA2EERZ, mRH
i i P28 4548 . R A MR R4 T S g il IS
Fl R HRAE o XIS Rt 2 D T i ) i 174 A
RIREZR,

M 22 R 1 REMRE 122
B2 RN P AEE 3 K 2 1
R 3 WAL I EE A 3 Bk ER &z i Ah
WA 14 RAEK R 1 &, Dropout fil Batch
Normalization #24F . i AR EUR E e &4t 2 4
KANH 3 W& R IE S BUOR $& LT /b T BNy
ik, TEGRIBHZHT, 23X R B AT B R
oo XFER] LU DO 15 FRERAE S R
ROT U/ IN R a) 8, R B9 fe 2) 64 5@ 08, B4
M5 #8 A — 4 Dropout #1 Batch Normaliza-
tion #24E ., RAPKN 2 MGHREERE R U-
Net W R MAL AT TR AR, #H REEAIPY
UGBS RER 3 IR, AFHIEE R R
Skry 1/8. MIERCH 512, FH&E R ERG .
AR TRy AL S 3 K ESRFEF 6 IKE
Bl FoRFER X RGE idifE . X B oRAE I
A A AR BT SR AR A AR v A ] RS RNy
FROE AT PR R . Bl 1X 1 5 U
WIERRE R 2, FF50 LA FEN R S —
JEpm e,

FEAREINBERG o BEXTFR . v Rl i) Bk BR 0% 4%

http: //journal.sitp.ac.cn/hw



a4, 5 4 )

A 49

FRELZISNFED
A&

v

HEE0S

1 BEAIRE

Wik &

&S HIL

BEU-Net W
%

BE %

i ﬁﬂfﬁmﬁa
MR

K 2 Jiik iR

BAEN RS BRAEREEZ A RN S HER.
BEYRAME T RAE R AR AL 5 B . 33 X 14
15 V0 Ji) B 70 TR A5 30 % W A% 3R ok S B A 15 3
Fo. RIEHHE 3X3 MERBEIETER, K
ik B RSF RN

N T I g AR G e e B R
T BT PR AR Kb HE BRI ST
Rt i 0 3 ) 2 B N A O o B AL £ ORI
B, J5R U-Net R IR R AN e Kt
fe. R TRAMARASHE. HEEFT
3/4 MBRME. & 3 wibfb)s, BE THZ
WA G SRR R 2E . A SO
RGIAL KN 2 BB P REE. SRR
WACH . BB T R RG4S
B AT — R U MR P s R R A B
T A RHE T . S RE R R
P 1 G TR BN A SR ERE 1 . BRBRIE

http://journal.sitp.ac.cn/hw

FEARAE R G 0 R 25 R0 PR R . % G 5 T
i LG A v R PR ) R AR R AR A TR AR HE B . A
PHER S RN T — DGR A

RERUAT 250 00 R RS &R 40 o AR G XLT
TAGEVER FRAE . 5T R, lifHRE—
ME B RE, £ 22 ERFE. BB
ROTWRE BRI . A AV oot A A I 1Y) 465 A1
EEARAE . HAE SRR A A —
SRR IR RE ST . HEEERE HEX E—2A
A E AR, A mARELE, Kt
G AE B ARAE T LLSE 0 A b — 2 0Bk R 0% 2
A BUCRHIE AR B AT BRI S
2.2 MKMRHL

TEM 28 Y Zradd B v, S T f ) 2% AT DL
PR, BERE S, A T Dropout fil Batch
Normalization 2/, H. 1, Dropout #/E & Ik
Bl HLZ W — 2 LL Bl p 220, Al B R A2 42

INFRARED (MONTHLY)/VOL.44, NO.5, MAY 2023



50 . Hb

2023 4£ 5 H

1 64 64

128 64 64 2

=3
=

=

—

=P copy and crop

256x256
256x%256
256x256

128 128

§ WustEE
= conv 1x1

=p conv3x3+Relu+Dropout+Batch Normalization

* HH260conv3x3+Relu

Output

256x%256
256x%256
256x256
256x%256

256 128

128x128
128x128

l

64x64

64x64

]
s
ro

32x32
32x 32!

64 x64

32x32
64x64
64x64

128x128

128x128

v
=y
no
N
w
(=)

Bl 3 U-Net W £5 it 25 4 7~ = R

I EUEA DS NN EPSINTIE N R R a =N o
Batch Normalization $#4F 13 £E g b F F W 4% 45
RIS, HEMEIMT . - {2 s
) AR A 5030 JhE A RE IR T 1 51 s B K R D 3
AT DR TIE R 265 14 2 L /N 31 1L 9 At b i3 47
B

2.3 M%ilZk

SES BT B9 R S 5 5 8 Python3. 9. Py-
torchl. 12 #£ 232, Windowsl0 #:/F &£ 4t. 16GB
RAM., AMD Ryzen 7 5800H CPU L} M Nvidia
GeForce GTX 1650 &,

TEM N GRrp . 322 R ) AL F0 R 1) f%
REWTRGY o P U GRBss B % A 45 v 4T i 1)
1RRE I B IR, AR IR BRI 2 S =[] 1) 28 S
W% o S AE R A 2R AR T Adam A6 5T
BT ML P RIS WG R E
0.001, AWk HEBHREBINLER, X
R R BT A KR

Loss=— X ylogy +(1—y) log(1—y) (1)

Kofs v RRHIE P P R 3SR 3 R T
EPRMERAE: v W EAH, HiZA A THL, y=

INFRARED (MONTHLY)/VOL.44, NO.5, MAY 2023

1, & y=o0,

H T AR RO B R 30 29I
GG HURAERAE B2 WU, A R Bk Ad-
am [ 27 2] PR N JFOR I —2F . AR5 PRk L
gk,

3 LIWEREG S

L2 WINGRIG . WA IRl Rk — A
PR ZEBERL, ffl AR T X 21 0 T B A 3
SEHEAT HARSRIL . Ry T B0 EAS SCRAY 14 £t 3 LA
S HXFLLANFEN SEELAE F1 . 43 R 4
U-Net, Sobel B 7, J3/KI& 43005 . e KA
Bk, Otsu BHEXHLL AN F BN MG R 4T 521K

TIZERWE 4 PR, A 5 48R A 4
4IxF a4 RO A R L Bk H
A3 U-Net W %%, Sobel & F. 437k I8 5 3%
R Otsu B3 5019 &1L .

AT T 25 52 W . Sobel B T 4
BT B0 R {5 Bt 2. JC1 A5 B0 W % 2k
AR s 437K U B3 T SR B2 1) F BV s A
BEZ, MELAPASA B T EDRAE ;s Je KA
Otsu FEL AR I R EAHAT] . #0 HABARAS K

http: //journal.sitp.ac.cn/hw



ALk, 5

g 5 51

LEIPANEES U-Net

Sobel %1

4 AN[R)J5 32 ) TN AR X

BB R, HRRRTENA LI E 2SN
FHELZ T s ASCHE Y U-Net 2% g 15 $2 1
THWEZ R TENEGR . H TR R85 52 %,
WAL 200 2% 1 4 B SR S e A R 1) T
EN oA i 3, RN 1 AR SCOT I R TR E
4 45 KE

AL AR LT T EN R A 1k . 1R
T EARPEBORERE . X B A R 2 4 T B R
BN G R, A SOl U-Net #1347
ZLAMTEDRAR I, BT AT 20t 2 I ZhAt
AS BT AR A A A A 4R USOCR . 3@ ad 5] A Drop-
out 1 Batch Normalization W #5439, =5 T
0 2 WS SICER I F M) T LS. 2 SR A
SR LR A T AR SO R AR A 21 41
FENEMG IR IO 1 B A — & i) L N E . (B2
T8 LS AR R0 B 37 40 85 A 2L 0T B AT RE 23 LU 4K
EAEEA AL TR KN FENES ., &

http://journal.sitp.ac.cn/hw

sv]
LN

fosh e A
Sk K Otsu

FERSN S5 () d) . TR I T — 25 i BH X 4 [ 7
GBS AR A . DA B b S AR 0T T R AR
FF.

£ % Lk

(1] X, & IR g st & 48 (D], Jeat: P
NIRRT R, 2019,

(2] BB, F. WAL AP B AR B A A TH A7 45 35k
i LCL deat: s — ORI 5
TrE TS AR 2 2016.

(3] ZPLEL. 2L AMR Aot 3 BN R H bR 5 O s k52
[D]. KM REH TR, 2022

L4 AR/NMS. e T TR B2 27 2 i AR Z0 80 5D 250
MOrENESE (D] BB =iy ke, 2021,

(5] Mg, BT AW E 7L 20500 AT B4 B Ar
FECE U (D] K KM TR,
2021.

[6] Ghaneizad M, Kavehvash Z, Aghajan H. Human

detection in occluded scenes through optically in-

INFRARED (MONTHLY)/VOL.44, NO.5, MAY 2023



52

4 I

2023 4 5 H

7]

L8]

spired multi-camera image fusion [J]. Journal of
the Optical Society of America A, 2017, 34(6) .
856—869.

WA B, R, . BT Canny WG
) REAR B i kR SR R B PR O 2 (T B
THFIEER, 2019, 31(1): 65-70.

X5 3. B2 H AR U R AE 20 B 5 BB 57
HEBTSE (D] R AERRHOR . 2019.

LOT AT BT, X, 2. ok v i 28 e 1 21 5h

[10]

Hyrpdgad fde sk [J1. Bk 54, 2020,
50(7) . 882—888.

. 3T AR IO 20 50 S AL B bR
e [J]. BEAR, 2020, 60(7) . 785-790.

(110 ZEarug. skimeph. SRR, 5. LT 2HHERS

AR W iz sh W 4 H prd2 E [T, Al #l
23R, 2021, 52(11) . 244-252.

[12] Tl FR. R M. T 2B BB

Kmeans++ 2 25 1) & #b 55 B b5 40 40 & 15 4L 1
[I]. £4b. 2021, 42(11) . 25-32.

INFRARED (MONTHLY)/VOL.44, NO.5, MAY 2023

[13]

[14]

[16]

[17]

[18]

Shelhamer E, Long J, Darrell T. Fully convolu-
tional networks for semantic segmentation [ ] ].
IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence, 2017, 39(4); 640—651.
SR sfout, Bedb. 1/ H AR SR U B Dee-
pLabV3+ Bl & K H 3 [J]. BRER.
2022, 37(2) . 34-44.

TRWERE, T Th . E. KT B B AR Y 5
T SCRFESR I [T, BB KXEER (B
RBIZRR) . 2021, 49(4); 38—43.

AR, M. REEE. U-Net BB 6 BUM & W
KEVHFLRERR PN T fEDE.
2021, 41(5) . 21-32.

BRIY . YR, TR, BE T ) AR B {E R AR AR AR
eSSV EAR A iR T = SR E R 7/ & A7 IR
ZI5h, 2021, 42(10); 33—44.

W . PR, AR, S5, HEGE St UN-
et 43I [J). Rl TRZHR, 2021, 37(9):
185-191.

http: //journal.sitp.ac.cn/hw



