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Research on Detection Method of Content-Aware Image Resizing

HU Hao-Hui'?, NI Rong-Rong'?, ZHAO Yao'?

Y(Institute of Information Science, Beijing Jiaotong University, Beijing 100044, China)
%(Beijing Key Laboratory of Advanced Information Science and Network Technology (Beijing Jiaotong University), Beijing 100044,
China)

Abstract: In order to deal with the forged image using content-aware resizing, the content-aware resizing detection algorithm based on
statistic characteristics of probability map is proposed in this paper. The method uses the probability map to reflect whether the image has
been processed by content-aware resizing operation. In addition the proposed integral projection and local statistic characteristics are used
to detect the tampered image. Trained by classifier, this method can then identify the content-aware resizing forgery more effectively. The
experimental results reveal that the proposed detection algorithm can distinguish between original images and manipulation images with
high detection accuracy.

Key words: content-aware resizing; statistic characteristics; probability map; image forgery
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(b) 3 458 5 5 B RS AE X B
Fig.9 The scatter diagram of features 1 and F2 (Continued)
B9 HFAE F1 AT F2 (s B (5E)

2.3 BEGITHHE

XFHE 5 AR AL GO R Map AT LR B S5 L Map Pl v R /b B R A Dy O; 1 38 3 45 7% 1) % 7 11
Map & th &1 R A > B RE A 0;9F H & 8 AN 4 5 BT Map 18, 181 vh il BL e XA IR = (B 0 B
/N R HBUAEL, T 98 A 48 L 5P X3 PAY DU R R K R UL AT B AR B Map [ 22 T 3 2 22 S AR ST AR Y o —
)3 AR5 AU PR B0 12 V2 ) R A S ) P S [ 9 28 M 8] e =l 2/ 0 X 25 2 S Sk 40 M 5 00 PR 5 g 28 2L
X Map BIHEAT 7> B4l AR G5 Map 181K RSt R/ ASSORE B 18 70 D BLAS T B 15 T4 32x32 K/ B,

TR BRI RE B B A BEREBR 32 (5 0, B0 KA i 0, AR SR PR I 4 (K947 BOBOR 3K B B Bk 32 1)
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Fig.10 The heat map of M matrix
10 M FEREH A

ML 10(a) AT BLF M e R 43 Hidhs #8434 75 800 BA b, I HAFAME AL #B LLAUR. 5 A A AN 48 T8 -M
L B 41T 2 1 (A P 10(b) AT 10(c) s ) BEAT ELAE, R B b T 28 ek P9 2 SR 4 TG A 5 Map B R R B R TR
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UEB G AT AW S5 35> 9% Y Map 15152 J& 18— 2K B 45 (19 A 181 10(d) AT 10(e) -5 Al 1T 1) 3 1 44 st B 24T X bR B,
e A AR AT )5 Map B b AR KA BRI BT AT AERS M rb AR AR O B0/ R, M Map [ b
TR B R DO A U AR T s R TR A 2 25 RO ) L B 10 TR i) 5 g R R B AT LI, R 0 RO S8 4E
577 Z oA BRI ZE S BT AEASOH R R M B AR AL F3,8 0 M (75 ZAF 4L F4, AR b
AR 11 PR KBS S5 R RHIE F3 12 RACR 20 835 (W& 11() F1E 12(b) 5 1 IR ANES 3 1R
BIFTR). MRFAE F4 173 FEBCR A I F3AE X 73 P32 RN 4 i BT 5 B P K S LR F4 1R X 23 RCR B0 X (A
B 11() 5 2 1R 558 4 08 PR 76 4 R 5 R B EEAT LEAL Fa UGS IR 110 18 G R A BT IR 1 X 70 3L
SRKAE T, 1X 120 i BBOR ST KT BT AT BB 00 RUST i DA PEAB A 0 40 4 2 A0 B S i ) 28R & R A
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Fig.11 The sketch map of F3 and F4 features
Bl 11 RE F3 5 FA MR EE

TR 11 s i BB B 3 A 4 3 B R R ERE F3 A1 FA L AFRRE R 9 T &R i & B —#E.
24 SN

4% i (ensemble) 7 288 2 2 4 2 Al 7 288 25 19 73 S 4 SR A% MR P DU AL 45— S R R 2 S X 1R 7 A IR
A3 AR W 1 20 SR R L SR BE R 1 73 FEROCR T 2 W 45 7 SR AR RERS AT R R pR AR IR R 0 A o AF
25 PR VP T . AT I, 7 A S P SR 4 PR 7 I8 7 S LB RS A HEAT 20 R I 2 M 2% 70 SR80 3 SRR
AETEAT 73 28 IXRE R AT UK DX 20 S P L PR 8 B R 4 T ) 15 308 47 S 80 A 45 D 288 vl JRL 22 1k 3 2 485 03 28 ik
TEAX 73 X 3 K E1E.

3 SLIRZER

AR SCH [ BT SR AR A Nikon B EE, M ARk B P9 25 AS AR TR 1 425 1 BEHGAE Dh JiR 4 1 i 22 o5 1) 2 )
46 B E 42 1 seam insertion. seam carving. bicubic KA bicubic i/ 4 FhgAEA R, H o, S 805 7 H 10%.
20%F1 500, 5% £ 13 3| 13 >S40 B FE B A S o i) 45 SRR MR 10 IR 45 SR~ 354d.

31 RoHNERMGEHESEE

FERL I seam insertion f#/E K SLIG h BxF B S HONK, I R i B4R I 5L 120, 120 A1 150 &1 p L 1%

(17 350 17 P45 4 B R AE S T 4% (00 T A AR 0l VA UK, DI SR SR R R G2 0 9 B A I PR R B B S
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A2 BB 1) B A R AS 90 seam carving #4546 S0 P 2 R 4E B . 10, C20 Al C50 B, Il R4
SR AE (0 BU S K seam insertion 1757 25 BL. SEIG 45 5L L3R 1 1R 2(191:97.97%2% 71 T JR K EE AN 120 B I
SR BRI 120 2R o R AR I %6 97.97%, I A 7] 3.

MFE 1 FaR 2 A LUE AR SCTER 7 VR AE [X 43 A [F) 28 284 B e B A W 6 0 20 SR 3 o 3 R A~ SR A% R AT LR
241 254 5 MR AE (0 S BO R A R A B T 97% LA B U RSy 50%I A I 2 2 B s (0.3 B,
X S K A T A7 R A R I 2R S R T DU AR S 2 B0 AR T 2 /N T 1 G 8 R R A 2 B S 1 A
2R = RPN R4 2 BUE T IR 45 2 50 ARG I 2R T U 254 5 R AR AR e i O AR DI 2R e /e b P S IR &
B 1 A T 6, 22 s AR I A T 2 B I 2R 2 B KM IR 9 HE S ECN . 50%I K A 80% %,
T 24 [ 52 11 25 52 0 2 B0E A6 0 2R 2 i 00 35 4 25 3R 388 KT 38 K ABLYE 25 350 /N B ARG 0 R AR R L R 1
K carving AR B, FoAS I AR F 50%.

Table 1 Seam insertion detection accuracy for different training-testing combinations (%)
F= 1 AFEIZEFNAE T K seam insertion £ il 2 (%)

Train
Test 10 20 50 Mix
10 97.97 84.01 61.99 62.00
20 98.41 97.45 90.71 86.27
50 99.16 99.09 98.87 99.07
Mix 99.20 91.20 74.00 81.27

Table 2 Seam carving detection accuracy for different training-testing combinations (%)

T2 AFRIZERDRLE T 1) seam carving 1l % (%)

Train
Test 10 20 50 Mix
10 98.72 96.53 76.93 38.27
20 98.93 98.01 88.67 71.13
50 99.73 99.47 99.37 98.13
Mix 98.80 98.53 88.60 68.47

32 XoTLEmEmEsREE

A sz £1%F Bicubic JEURHERAE, IRATR A JRIEE . FD10. FD20 A1 FD50 &% %1%t bicubic 4 /N1,
B KRG B EE . SX10. SX20 F1 SX50 & 2. S8 b i I R4 5 A AR A I B 5 26 3.1 5 b A B v — #.
SpEG gk LR 3 FR 4.

Table 3 Up-Scaling detection accuracy for different training-testing combinations (%)
&3 AFIIGRERN R EE T ORI 2 (%)

Train
Test 10 20 50 Mix
10 97.33 98.27 98.27 10.47
20 96.93 97.19 97.33 90.53
50 95.87 95.47 97.16 64.53
Mix 96.73 92.20 97.00 54.60

Table 4 Down-Scaling detection accuracy for different training-testing combinations (%)

A4 AFEUIGRERI R T B4R/ BRI 2 (%)

Train
Test 10 20 50 Mix
10 97.39 92.40 84.40 7.00
20 98.27 97.55 96.53 95.27
50 97.60 97.60 97.67 97.53
Mix 97.27 94.80 93.40 67.20

M 3 FNE 4 W] LTS SR AT AS SO 75 9 R IX 2 Ji ek P A5 R At 8 44 T3 PRt 72 A ORI (H L RUR ey
DN P TR RN 48 TR A ) RCR G X A R TP R s T — A L — 2 U R AT S 1 2 B 1)
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I, H A I A HAE 97% 5 98% . 18], I H. B R TBCR I b ) 4% 5 25 50 ) 488 i o /I ; AR 44 /DN I A 0 3 B 2 0
BRI 38G OR L = AR /N AR B3R AT 0 L3 A VR 5 R PR R 00 4 SR SR, =24 ] g 00 1 4 2 e e 00 < o T 2
BB IRl N T /0N s 24 18] 5 I 2028 2 B0 A 00 25 B 0 X 8 25 50 0 1 KT /).
33 XOARBRHMGEMES L BELEME

ARSI A R R B R 2 B W A B (e 4110 &5 FD10 & e, HoAth [R] 1), FE S B 45 SR 3K 5 RIS 6.

Table 5 The detection accuracy for insertion and up-scaling images (%)
<5 Insertion 15 BAAR UK EIE A I 22 (%)

S b A PAREIE
% 110 FD10 120 FD20 150 FD50
110 92.13 7.87
FD10 5.20 94.80
120 97.20 2.80
FD20 5.33 94.67
150 88.00 12.00
FD50 8.27 91.73

Table 6 The detection accuracy for carving and down-scaling images (%)
% 6 Carving 5 8R4 /N U s I 2 (%)

il HE R
A% C10 SX10 C20 S$X20 C50 SX50
C10 96.93 3.07
S$X10 5.73 94.27
C20 99.60 0.53
SX20 2.40 97.60
C50 99.73 0.27
SX50 4.00 96.00

HI3% 5 A4 6 W] LA i, 24 2 SO R, P9 78 BRI 46 3O A -5 8 A 4 i AR (A TN 3 A0 22 A8 K A2 TBOK B &
o AW bicubic KA IRCRZERAF TSI insertion #F (¥ R4CH i 76 45 /N RN carving #:/F B R 2L LE
bicubic 45 /) {5 {1 6 K6 U 2 ey, 1 Ut B, i $18 S0 025 1 A M) VBT 246 /D 8 I B8 A 00 R I e 3 rh il W] U Y 7E A
T insertion(50%) {5 5 I, HAR I 2 i IR KD, IX A2 B O 8 R PR b il N 2 i JEOR A B IR 1 A3 A2 30, 31X
FERLASBE 5 VLURBETRY AE UL BC, AT 7 A 48 6 0 5 DR 0 SR 1 5L B9 Map 18155 3 TR #5841 9 Map I BE L6 X
A BA RIS 2R A, T AE R I I 540 1 150 & 41y FDSO0 B L.
3.4 XORFBAGEAE . LidgE s E R E

TEX 43 3 28 G I S 6 v B 0 b A8 i 1 2 0 79 b 5 3 R e (bt B 81 L 120 A FDLO, HoAth A 38), Il 25 4R 5
TR MEROT 55 3.1 WA R R & N 4 4 88 04T 43 28 s i 25 R L3R 7~ 12,

K 7~3K 12 \TLUR I B T 7ESH0N 50% 2 MK 4 AN Fekk b, R L 92 BN 4 T R A @ 4 i s =& 2
V) PO 8 0 6 A2 3R VAT 488 K 1), I ELAS U SR A7 90% LA 1.1 7E S 40 50% 1R 9 H R NIl AR BUE B 2 T 8 1L
PR GE ™, FE 150 BG4 H1 )y FD50 BUE I JLER 3G K, BRI L 150 (A AR I 28 3t AH T B A

Table 7 The detection accuracy for original, insertion and up-scaling images (10%)

=7 JREA. insertion A E G 2 (10%)

s ) E 45 R

s E 110 FD10
[ 93.33% 5.33% 1.33%
110 0% 97.33% 2.67%
FD10 1.33% 0% 98.67%
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Table 8 The detection accuracy for original, insertion and up-scaling images (20%)

8 JRUA. insertion FECK B EGAG I (20%)

. ) e g B
Ak 5 120 FD20
5 94.67% 4.00% 133%
120 0% 97.33% 2.67%
FD20 1.33% 0% 98.67%

Table 9 The detection accuracy for original, insertion and up-scaling images (50%)

=9 JRLA. insertion FBCK ) EUGAR I 2 (50%)

_— S 45 R

WS 5 150 FD50
JR B 97.33% 1.33% 1.33%
150 0% 85.33% 14.67%
FD50 2.67% 6.67% 90.67%

Table 10 The detection accuracy for original, carving and down-scaling images (10%)
F 10 JF#A. carving FO4E /I R KT 22 (10%)

[ H) 5 25 R

Ak 5 c10 SX10
5 94.67% 4.00% 133%
C10 1.33% 97.33% 1.33%
SX10 1.33% 0% 98.67%

Table 11  The detection accuracy for original, carving and down-scaling images (20%)

Fz 11 JRLE. carving A4 /N B BG4S I 2R (20%)

. S 45 R
RS B C20 SX20
Ji P 96.00% 4.00% 0%
C20 1.33% 97.33% 1.33%
SX20 1.33% 0% 98.67%

Table 12 The detection accuracy for original, carving and down-scaling images (50%)
F 12 JRUR. carving R4 /N1 EMEAS I 2K (50%)

S ) e g B

MR 5 C50 SX50
5 & 97.33% 2.67% 0%
C50 0% 96.00% 4.00%
SX50 0% 0% 100%

3.5 StExfEE

EF %t Sarkar $ B T2 58 Markov RRAE B A6 0 7 v, A ST BGHIE T 1% 7 YATE Nikon B FE HR (R I 280 SR
B, T8 L se s T A BB S 58 3.0 W SR e & — B B AR LS LR 13 F1%k 14,

M 13 F1 14 7] LLE B 4T seam insertion #R:4F, 7E 84 (50%,10%) . (50%,20%)- (50%,Mix). (Mix,10%)
F(Mix,Mix)5 A7 B b, A ST T3 77 2 R I R 48  F Sarkar 777 IR IR I R R I 4k S 40N 50% %5
FORG MG OLR X R 8, RATATHR B 7 vETE R A0 R AR S 50BN BOR G 16 D0 T 28 SR B 4 i A% Fo At B
RS I E BB AR LG Sarkar J7 v BAS I 28 B (R 28 R AR /N IR R FE T Map BB H IR A I B0t
BB AE I AT — 52 B S2, BT DL S SR AT A I 22 ¥ A7 Sarkar J7 9% 7. 110 4 seam-carving B4R T 5, A 5 E R
(20%,50%) (Mix,20%)F1(Mix,50%)i% 3 A7 B 4k A I A T Sarkar J5 ik, H A& 00 & MM R ZB L Sarkar
73 (R B e, L AE (509%,10%) A1 (Mix, 109%) #6425 b BTk, A< S B3 5 ARG I carving #4F (1208 _E 24
F Sarkar (977 7% M AR insertion £ AE B, Sarkar 77 v2: (1 A& W R0 SR AR X B8 73X 2 B, AR SC AR T HH 1 4 BB
FHIETE X 4 TR B 5 P 25 B AN 4 TR R 3R B AN 4 35 an 1 9 5 1 11 A il i A of L P81 B 7R 1 — 8RR AIE
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F2 %05 R 43 BRI IX 23 URAS B R AIE FA YT J5 110 18 BRI 43 SRR AN R B S22, R] 0 3 350 A S 7 9 1y ks )
FMKT Sarkar 75 1% AIAS I 2 ((50%, 10%) 7 & b Il 2R 56 2 K0 50%, A5 Dy 10%. Al [F] 2).
Table 13 Seam insertion detection accuracy of Sarkar’s method (%)
#< 13 Sarkar J5i% /) seam insertion £ % (%)

Train
Test 10 20 50 Mix
10 100 88.53 0.40 2.80
20 100 100 68.13 98.43
50 100 100 100 100
Mix 99.93 96.73 55.93 67.20

Table 14 Seam carving detection accuracy of Sarkar’s method (%)
# 14 Sarkar J7iE R seam carving ¥ il 22 (%)

Train
Test 10 20 50 Mix
10 93.73 78.00 10.13 18.47
20 98.00 97.47 67.33 78.93
50 99.20 99.73 98.67 99.40
Mix 98.00 93.27 56.73 65.60

4 LERE

ASCHRM T —FEE TR Map B GETHERAE [K) P9 28 188 40 4 JRORE I 55092 % 500k o e R AR Map B SRA
BUG = A5 A7 AE CRA R, TR 1 A0 ) 1) &85 SR W 122 UG  15 40 0 P 25 JE R 4 TS B A D 2 8 5 HL, 3 I ol i 22
Map B BEAT 2T 3852 T 4 BT I Gevt- R AE, Tl T X 20 AN TR 258 3 04 PR A8 B B PR AR AAE TBON R 0 25 25 R I 45,
SRS HEAT 4 2R, 245 S 7R AR SC T ER A WU 7 v B B IR M AR .5 Sarkar & 5 VEAR LG, T insertion
A, Sarkar 77 v BAS I AR AR T BRAT 757 15 ABAE S B/ NBUR IR A 15 B R AR SCRTHR 7 Y A U R EE L
Sarkar 777545 X T carving # 4, A SCATER J7 v BT T Sarkar MRS 7 vk B T SR, FRATKE 4k S0 5 Map K, T
RN A3 B HT R IR R B = A W
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