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DESIGN AND IMPLEMENTATION OF IMAGE ADAPTIVE SCALING
BASED ON SECOND ORDER NEWTON INTERPOLATION

Wang Kang Yang Ruiqi  Yang Yizhong Xie Guangjun

(School of Electronic Science and Applied Physics, Hefei University of Technology, Hefei 230601, Anhui, China)

Abstract The lack of image interpolation algorithm leads to poor visual effects such as blurred image and unclear
edge. This paper proposes a mnovel adaptive scaling algorithm based on second order Newton interpolation. The
intermediate image was obtained by interpolating the horizontal direction of the image according to the position of the
interpolation point. The parameters second order difference in the vertical direction, the 45-degree direction and the 135-
degree direction of the interpolation point were calculated according to the intermediate image, and the interpolation point
position was judged and the image of target pixel was obtained. Finally, the algorithm was implemented and verified in
hardware. The experimental results show that the image scaling effect and the edge protection of the image are better.

The PSNR and EPI are better than other algorithms. Meanwhile, the complexity of calculation is low, which is good for

hardware implementation.

Keywords Interpolation algorithm Second order Newton interpolation Image scaling Hardware implementation
FEAETH R A B B GAL I BR A5 B2, 4R 3%
0 31 & R FECHARMA . HRIME Bt T —FE1G

TR G (LA TP A%, AR T X = UH (ELBE F T 46

UG A AR H F T45 250 26 e 77
fh (2 PG AL B L R 22 iy W s A i b L R
A HCAL B I R 2 2 AR S T 0 T AT
Kb BT LLCE S S LR 1 PG A (A R vk
BMGARAR S o SR AR 77 12 0 5 A0 347 1 L XL
R VAR (L RO = A 1 25 22 M A (% i
A H bR MR 15 2L i U e A AR I N 1 R R 1A

D AR X EUR D G T AL B, X T AR M A 4
HAEL R 2 R TG G 48 Ak .
LR L ALHE Sobel ™ Prewitt'”) il Canny''" L J% 3
FRBZEM DGR M BE" %, Chen 41 1 H 2
T Sobel $7- {4301 G (B4 LI R B 250 42 1 4 ke
2% 7 1) ) B SR {5812 43 )3 ) Soble %+
FI Canny BFXF B 0 2k HEAT R, SR J5 X3 2 it 45

Wk H 31 :2019 —06 -24 [ A RFHAREGIH (61674049) . FBR, Ml 1A, WP FGALPE R SCB. Btm#, Al L2k

BRE Rl H. BRE A,



%9 #

IR, F AT oaEA Y AR A &R g AR S0T A E I 127

— e 5 TG (A, AR SR A AR 1 T 1, X
B XIS NAR L Z GRS Sh g KA, &
HAFRI HAR KR 2 — Lol . A — 2R 1A
%k [ AR BB, 0 Cha 251 B T — Rl 24
IER ISR TT 5 (EASE) (BRSNS . F5k
RN YR S A N R AR
(EASA) CRAPERUEAE SR BN A B, AR 5 e o 2
7 1) b B AT A (RT3 SR 1 S TR A A 4R
A Z MG AL, B[R J7 18 B4 B R B0 = Ak
ZEH TS BRI G R BRI IR AT R KR
PR = URAR B 12 , A 10 25 DX IORR 4 Lt 1) 07 1 3
FTPRE AR, BARBOR A s Sk, Frigss ™
0 3 K5 il 1 947 OO A ] DX 4 B R A T A (T
BBl 2 A — AT R SR R B B4R TRRCR I A
FRAR, FOTEat AR A . XUBObR S 2t L T 4 11
S A TRk ARG 2 I8 Bk, T B0 G X
A HORCR A . AR S 42— L = B
B AR (B0, (R Sk R 8 1 KSF- I 1ol A .
7 ) BTSRRI , 2200 1 45 BEFN 135 875 1) b 01 4%
R, FOTSE R A oAb R 4 il — AR R B
ARy BRI A A IR, JE T 22 Y R R T
NSCT ffy X 3 F1 38 7 AR A (L 00, Lee 2672 21—
ol 22 S 2RO 0L A 0 25 | S RIS AR 1 05 123, DA %
T A 11 T IR B A T 1 LR A A
AKX SR I ATCBCR AN  (HAT LB 2% 3L
REAF 52

T BRI T, AR SCHR H — P T B A i
HONSBRINE ))& RF DO P IS i | 12k SVA-RIDNE SN
PEARE A AL B G R FE— L& TR T A5 2 H AR
R XL TG AL B AR ER A5, AT TR R TR
NG IEAT—HERRAEL (14 05 12 , TR 224 T5 1) S oA 5
FEATAE 2 BCTH A2 HARMR R E . AL BESERAH L
RGBT , RS IR AR, A T RE 1
S,

1 Eikigit

TEXT BT 52 I 2 T Ak PR 36 5 3 — 48 18] 4
AP J5 1) R B 18] o Sl AT A AR B (REBEAE o
BRI M x N IR EHRAG T 50 F R0 U x Vi) H s
PG, AT RLSEXE K- J7 [ AT iR 2 RNl U x N
8 R T T, SR I 75Xk 32 v 1) PRI 3 5 1) R AT 448 T
A BRI . XA I7 1) AT 40T A 5 5 18— 4ET7
6] (4 20 AR B ARG X 7K 5 i) EA T AR (AL B o5 — 77
BRIFINERBE R 1 RS0 W B R R RS

JE AR EURAE K- J5 1) B A8 RN 1 s, H
W f Je HARR R R Ak J7 ) b B 3 506 14 45 b
MINLE ;s i o s FLL R KSR 1) IO A S iR AR 3R
R Ax J2 SRS, Z IR RS BTSN 0 < Ax < 1,
Ht =1+ Ax,

fi f S S Ja
/ /
|-—A.r—-|

B 1 EARER IR I5 i s B
eI A WA (B R TR IR KA, AT
VRS B AN BUR IR R WA — A B RE,
Jo Al fy AT R R SN — 4D AR R R S 1Y
B, PiA 7 a2 5 -

A’f,
2!t(t—l) (1)

F, =f +AL(t-1) +A2J'[2(t -1)(t-2) (2)
A AL 3R £ RS I — B 2250 A, FIAY,
GraNA f R B 2E 0T

M fAETARR G E RN, A TR R —2
N SRAT (B B 100 2% DX S ), 25 5 38 A 8 LA R A
RN, T B O b i — ZH R T 55 LAAS ) B 0 T 3 2%
PEBRRARBRRE # e =1 + A fRA(1) Ik
(2) HATAL TR AT A5«

F, = L (A - Av)f, + (= AP +1)f, +

F, =f + Afit +

2
;—(sz Y (3)
1, 1., 3.,

F, =?(Ax —Ax)f4+(7Ax —?Ax +1)f +
(- Ax”> +2Ax)f, (4)

EEEGHIEREN R PHINE WY (N U ShA RIS IIES 3
AT f WA B HAMR R R R E L f, RR
{6, WARAEIE /5, WA B AR R IR R L ik
Jo BORERAE, A AT LA el {0 P 4R 1) 30 25 58 P AR % A
SRS TEM T BRI R R A . AC(3) A
X (4) AT LA, PEICEE — AR R I f, BT o A i
B AR f, B S A — R, PR R S H
PMER IR, N5 IR AR A
Jo FLfs BIRCE NS HARME R A5

XH(3) L BRBA(4) B REBE R
T Ax BYRRECA y1 B AL, AN 2 frs. XF3(3) £
MR B (4) B LR RBBOER T Av BYRRECN 52
A A2, I 3 fs .



128 I A G A

2020 4

1.0 =

. . —
hJ et g
X
0.9 . e —- -l
5
s [ : b 3

o
P

0 0.2 0.4 0.6 0.8 1.0
Ax

B2 54 f, U RIS 4 f, BT PR

1.0

R
0

0.7 /

0.6 i /
04 /

03 ’ el
ozt /

oLrf S 7

H

0
0 0.2 0.4 0.6 0.5 1.0

B3 S fy A SRR 4, AR R K

M Ax /NF 0.5 B, NI 2 ] LUE 2 vl A{E—
HAT bl BE, 2R 5] y1 BFEERL/NT bl
FH I H Y Ax BN v 1 BB N AT ) S
Ko XU YIREA S B f, SBE S —dH A BT
PR R T8, B —4 f, MALERES Ax B K
GG /N N 3 AT LB S, h2 f(E I — BK T
y2 WM, UEBH A6 (A S B2 f, B, S — 21 A K P i
BN 4, Halad h2 Fy2 1) S8 A —4
f BEREE Ax BEIMZENR AR, Bk, X Ax /NF 0.5
B, BRI — 4l A 2R B HARE R 33 f, 14
HM, [FH, Y Ax KT 0.5 B, Sy — 4 L35
2 BRI f MR R B, XK JF
HE/GOEG R =M/ Wl LSS 1

%(sz CAOf + (=AC +1)f, +
1, s .
_ % —(Ax™ + Ax)f, Ax < 0.5
F= :
. 2 (5)
%T(sz - Ax)f, + (%sz —%sz + 1)/2 +
L1 (- A +2M0)f, Ax > 0.5

A4t J5 45 21 rp ] B8, = 0 A ) 4
45 & 135 RN BT 1) 2E 47 4 Ak B AR 31 H bR
B HARERE RN 4 FroR.

@/-1.-) @ s @76

“\, 1
g (i
) LJ) L
f(i-1.)) : F(i+1.)
.- 8" @
N . 7
> b4
RN v

."“’ N 4 ‘\‘.".
@ ,_;—n*_,ru._;-kt) @/ i1
rd b
Ve | ~

P I ~
~
._f'u-l,_a-rz}‘m,_;—z) @ 1.2

YV
4 il G 7 5

4 Hrzs O RDE A 2SO 22 T8 20 3 327 4 (8L I 5
BRZE &S, /NF0.5 FIRKTF 0.5 BIFIFOL, S50 B A5
A RAT LS A 38R N 45 IR IS R 05 o K4 U
B ] R R AT T L 1) B 4R R, B A O B B
PR R TR B, u (/N TF 5T 0.5 ARAE KT J7
Iv1] A SRR (BB, 76 £ (i 7) B 3 x 3 AR 43 3k Bt 3k
J7 1] 45 BETT 1) A 135 B 5 ) 44— AR 2 R L
Brazr or i ol AP f VAL TN A S K BIME T 4 B
Nfy NPL R A B A RHE AT EE R, SR = A
F T HAY, WAL Z 7 0] _F AR B AE AR AN F
GEIRI o ARUER BRI B 7 0] (45 FE 5 ) A 135 B 7 ()
PEATFINT RN T T, B8 AT A 4 R, St A %
J7 1) b = AMEE ST B A IS (AR ) B AR A
ZAH, XFHETF T A, WL % B A E e =
AT I ERANAL T - 2% K 358, 5 R FH = A7 1) A A5 35 0%
PR MR RE. kT

B T 25 4380 N 5 1), AR DGR, BT o
R it , Xt AP, VAP AP AT I — A B
133 =ANJ7 I AGE R AT .

| A

klzl— 2 2, 2, (6)
NI AENA

ky =1 - 2 IAsz 2 (7)
NIRRT AN

- | A, | )

AN+ AL+ AP

[, AR =X (5) THEE = A7 1) 1) — B 2 4 i {EL
S5 RIS, X T 45 BEAN 135 B2 1) B Ax (1E
BEEREE T L Ax (E, RIE 4 9w 5918, 75
BB =TI EE R 3 Fy F, M F 5% A J7
AR R B 3R JE TSR A, TR R = AT 1) A EE AR AR
ZHCR 2, R, 172 158 HAMME EH, e



IR, F AT oaEA Y AR A &R g AR S0T A E I 129

%94
N
1 | A
N:E[(l_ : = R )F1+
LA L+ AP L+ AP

(1_ 2 IAzle : )F2+
LA T+ AL+ A
I A, |

( AL+ Azj; | +1 A2f3I)F3] (9)

A2, B HAn R R A B AL T K 4 h 032 TB 1)
AL, B w KT 0.5, % f(0,) + 1) RFE A 3 x3 46
BAYIGRR AL SR HRAE AR5 B AR R &
EIERS

BB G E 0 W, 38 B — A EE T AR
NBHL SN R /ING S B OSOR AN R Ji it
SEI, VIR [RS8 T % 22 4UAS i) I’ A7 5B 10k
PB4 /N it PR ORI, 9K 05 3R HR A [ T 4
i )5 & {E (1 1 ( Peak Signal-to-Noise Ratio, PSNR)
FH AR 345 80 ( Edge Protection Index, EPI) . i
X LS B 4 i fE AL AR, LA K %) PSNR il EPT LG4
O3B A SCRE S IUS(E T 2 50,

—_—

2 ZWERSDW

SRR T 2 HE IR/ 256 x 256 15 F Y K &
1% House F1 Baboom,3 g K/NR 512 x 512 {8 K 1K )&
14 Ttems Ruler 1 Bicycle 1E 4 il b % . i F W2k
PEFRME AL = iaf sk BRa Ak
G AR SCH X R AT A A 3
2.1 HEEREXTLL

T LS LA [ 5332 A A ROR , UK 18]
& Ruler (525025 R 6], ARIREMR AL T 2 H R/
h 60 x 60 153 1 IR EZ , 45 I 60 x 60 R Z K
/N D BIBUROR , AN S () BT, TROR i Al LA A&
A 3 S5t PG b DB 20T, AR HG SR B B,
T4 PB4 (A s O = U AR B il
S U GARM B ST 1 A SO 2 0 ORI 15 31 R/
160 x 160 1%

o
I}

(b) 60 x 608 35 FE #LHX

(a) Bicycle

T

192]

— 192

O O
I I
()60 x 6018 & i R #E (d) MEEMERER .
1921 192
O O
I 1
(e) M= iGEHE N $IBREHEE
— 192 192
o O
T e
() DBIEHEH: (h) &=H*E

K5 Ruler BRI AR SE44,

HIP S AT, WU A (B 51 46 U i T e ot &
TR B R AR AR AR AR RO, Y= U B OCR L
AU E B AF 26 , {5 fy T PR S IE AR 25 I 20
BN GEAT AL B, DR e i 2% Ak PRASCR AR AN G K dfe it
FRE R TR R, T EUIOR R R
HGARME T IEAL D GAALTE 18 T /KPR BT 1) B AR
RSN, HF AR I 45 FEFN 135 FET7 1] b A AHE
P, HLBA % 8 R i 7 EARER PT o5 AN AL
PR AR BRSO 45 SRR AN AR, B 0 B 0 1 R Ak
S5 R =R ERRCR I . TIASSCR AR 4
AL RN R R AL B I A BAR AT T
TR AL, PG A0 R P A0, DR Aoy 1
FUREF o (A1 100 G S0P A i PR A — 5, B LA 1
GRRb P E AR XTI o IR, AR SR X R 1Y
A AR BCR AR

N T 20 XA (R SR AL BHASCR B Bicycle
JE P R 60 x 60 15228 R/ 1 Ji 1A LB B R 2= 5K L
BIE 4 4, & 6 (c) Fras , m] LG 2E R 1) s %
DRI A1 [ B SR FH AN [R]85 23 31 % 60 x 60 53K
ANEITCEUET 4 AR TBORE o S52RN1E 6 (d - k) i
AT DLE S SR A (R L — R A7 B AN i 15 B i
RIG A G XS E 28 FU BN , 10 G (B 330 16 OR = /9
PG Hh B — R R A 2R BT AR SCROEAEOR 4 A5 )57



130 I A G A

2020 4

AR DR P 5 A £ S ELAD R 1 i i Rk S A R
B 1 O o

(h) EXEE
B 6 Bicycle ik 4 f5 G AR B L 45 R

2.2 EBEYITEMIEERXTEL

WA B {5 M4 L ( PSNR) J2 e i FH 1 2 WL PP LR A
HACR R EATE bR, TR AT
255 (10)

(8) DEHREE

PSNR(F, ,F) = 10lg

M N

1 > 2 (Fij) = Fo(i))?

M x N

K FARERRAN R M x N GZ R IG EE F Rkt
PRI B A B GAE [F) R /N 5 . PSNR K, 3R
7~ BFR SR B D | G F I an K&, Ak
PSR R G

INEILPEHY 48 b 19 AR FE U BH 121 2 OR3P R0 1) 4
Il E AR SRR 5 (EPD) A e P b , it 5
sy (I
2 Lp (i) =p i+ 1)+ i) .G+ DI)
D Lp, (i) =p G+ 1) [+ p, (i) =p, (i + D[]

EPI =

s p, RN 5 1 B8 p, R IR IR R . EPIT
(BRI 1, W R4 ARG

SEEG3E T House ,Baboom | Items , Ruler F1 Bicycle
PG, AN ) 350325 23 S TBOR W A 4 /N s, 15 e
{EL{5 M L (PSNR) (BRI 2 AR 4P 45 5 (EPL) (94H, 25
Rormlmg 1 2 Pron, IR 1 il LIE i, A3
AT A 4 FRE, PSNR S48 KiE 1471 .
MFE2 Al DU Y, AR SCRE R EPT 5 HAd 4 FhER 1%
AHECBE I 1, WA ) ORI e o ml L, AR SO
FR A FRACR BT A T HoAth 4 FhEE

*1 AFEEZEPSNR

UL | =0 | Bl G | D IEE | A

R | g™ | g™ | gt | g
House | 0.5910 | 0.7828 | 0.6725 | 0.8245 |1.0417
Baboom | 0.4122 | 0.656 1 0.4511 1.0140 |1.037 8
Items 0.5071 1] 0.7255 0.5485 | 0.7798 |1.033 5
Ruler 0.6064 | 0.783 4 0.6151 | 0.7905 [0.997 3
Bicycle | 0.5703 | 0.779 6 0.6013 |0.7920 |1.018 2
SEYAME 1 0.5374 | 0.7455 | 0.5777 | 0.8402 |1.0257

X2 AFEE*EPI
g || KL= Ui | SR [ A

R sk | st | st | Wk
36.098 4 | 39.819 2 | 36.606 3 [40.816 1|50.468 0

House

Baboom |31.519 2| 33.468 3 | 31.780 4 |41.074 8 |45.089 2

Items |32.7557|35.4205 | 33.114 2 |36.639 2 |47.001 6

Ruler |31.060 3 |31.1319 |31.166 3 |34.489 9 |38.487 3

Bicycle |33.438 1|35.6554 |33.8027 |37.550 2 |44.330 5

SEXME |32.9743135.099 1 | 33.294 0 [38.114 0(45.075 3

3 EEEGEm

3.1 BEHEXUAR

WEARSE BT 2 an il 7 Fr s, i Sl ad A7 B s A
R AR G B AT 47 28 47, R F FPGA 914
ERAAAA IR, =41 line-buffer > SZEH, B A 7EKF- T
Tia) ) 0 2 i A L 7 2 A B = MR R ok AT
LR T SEHITIa B, R =4 line-buffer [R] i 22 77
—ATGEEIE . SR IF A ATy ) AR A TR AR e 58
IR K i A B A5 3 A 00 4 R
3540 FIFO S8R — 1@ Rt B2 UL s, Fif
2 FIFO Hr gk A ISR Y) DDR3 f7fifids i,
JR PR T /2 DDR3 (1) & 25K, FIFO BIHCR W
Wi T, & —WiEHGOK PmE 58 s LA S ,



%9 M

IR, F AT oaEA Y AR A &R g AR S0T A E I 131

M DDR3 e O o 38 i 51 Bt G A7 B oo s i T4
{EIT 19 =51 % N DDR3 it 7 A line-buffer 1,
Xt B 5 1) A4S BETT 1) A 135 2T 1l 73 B AT AR T
B o RECRIFETT A ML RAT A St G AR rp f
eyufa i o Hoh DDR3 2l EA% R AT 1P AR S B

DDR3 #3255 o
e

” 5%

8| kT Fi
g N J o WA || (R
@A | BRI Y FIFO ”“""# BE M [ wn ‘ﬁ‘

# it #

Bl 7 RS

3.2 mEHEIT

FRAEAEFSE B 28, T 187 LA e 5 L A 7K T4 (A
R Z 7 1 e (B A R Ry (51204 7R A 1T U A
3.2.1 KEFBEERIZT

1 el Line-buffer X {5 1917 4% E 17 247,
AR FR B A BRI 5 0 4 R BGHEA T RN R TR A
RHIE A A R0, SR 5 R 412 R #udik M line-buffer
IS ST B = AN AHABER 2 5, fem il AR (e T
SR EARR R AE, DT 58 K ST 75 1l 1) 46
AbEE . REHBET TR LN E 8 FiR . B TR 4E IR
Bl FTE s B0 TR, TR LR 256 £ b B, UK IS i
HCREOH 24 7 ZEHI 8RR, b s 8 7 i (E &
B, T8 A8 R SAGE BT 16 (7 38 550 0 H T 1
EHME RN E

| emRremEn |
R |

stk

line-buffer

iE | AR

line—buffer g
> itE

line-buffer

(&1 8 ZKT-47T (A DR s 2 15 11t 3L 5

3.2.2 A EEERRET

227 ) 47T (LA P 15 1 T BRI 7K P-4 (1A e It
Ffblo SEMFNVEHR B A7 25 2 HARR 3 3 x 3 4P 3
WHTITER 7 AR E A 0 50RO .45
FETJ5 1A 135 B J7 1) 19— B 2 43 A0 B 2 40 4 1 4%
ROBEERGEANT AR 28 2205 3Em
5 (B LA Ol i 52 22 B 3o 3 110 T T 45 12, 2 2R 1
FARN G XIS, 22 R e B A S BB — A ] (R A (L 25
AR N AT (A5 5 5 Q0 SR i % X3, )3 2o =X
(9) BSR4 5, BT i 7 E04%
WK 9 fR, i 59 T A3 BE, (59 kK NIRRT
A {EL R 0, DB B0 2 A7 R B 1352 B 2 A 408 = 3 8K

Wt AV ACE S R K EA S, A
(7 MR S AE 543 BIE £.00 £.01 £.02 f_11 .20,
£21F0 £.22, = AN J7 8] (4 B 22 43 46 X3 (i % i 1 45 5
85k r_h1l r_h22 il r_h33 ;{55 F1 F2 F1 F3 435
S 24 A7 1 R R R B = A 1) 8 AR A
HE5 R 155 o_pixel WEASH 0 HAMEE . BT
FRTKL BT 7 2, e i AR R e A

BEIER T WA
P |so |1 1 1 1

+ 59 ot 50 50

+ 2 Mok 2 29

+ 3 fbff 00 |37 73 |78 02 114 1148

4 Mbff 01 |55 78 o2 L] J138 176

+ 3 Mbif02 |61 92 J114 JiES) Ji76 J207
4o Mo 11 |54 120 159 75 J185 151
a9 Mbjf2o |28 162 1159 53 {1 €3]

Y Fa (R 159 (153 1111 J%0 123

+ ) Mbff22 |53 153 J111 150 | FX] 37

+ o b b1l 11 EENN ] = Jiz5 } (EH]

+ w9 b h22 |19 28 14 Tas 5] 123

+ wp fbfr_h33 |18 43 113 1123 218 j233

+ o fbF1 | 4094026 |&... 5163730 (10615559 J11905101 (11646733
+ @ fbfF2 4045277 |6.. J8130047  J10564209  [11462623 11843846
9 fthF3 4138570 |§.. JB189294 10715763  J11564297  |118991%9
4 4 fthfo_pixel |62 115 {110 Tioe iz 1161

&9 ZJrmffaR Y mAE R E

3.3 FPGA I K ISF

R A2 S BRI 5 UE BT {6 FH 1) FPGA I & Al F 1 i
ALTERA 7\ 7] Stratix V % 1 f) 5SGXEA7N2F45C2N
FPGA JF Ao 1E Quartus 11 15. 0 #KF-F- 5 LS8 T
Bt LBk, FPGA Bt BikF- & il 10 PR, |5
i) Quantum Data980 275 i MM K14 1) RGB £ 4iE . /K
FRAE S R G S A AR (5 5 2 FPGA, PR
FPGA X #5045 517 46 i 4b B, P44 TTL %% HDMI #f 4%
O S S i 4 i, HDMI A3 HE 9 15 5 48 2, o5 i b
F i Ras o FPGA S R uERe B A& 11 iR,

Altera Stratix V
5SGXEATN2ISC2

Quantum TTL#
Data980 F——> puT _— HDMI B
{5 ik ®
clk scl] T sda e
e

Kl 10 FPGA BitHil-F&

Z

,,,,,,

B 11 FPGA SZHf I 06 iF 2
SEISVEICT 2 M 512 x 512 42 2% K/NE EME 17
IOE B R E] 1 024 x 1 024 182 K/ NSk 3]



132 I A G A

2020 4

g b AR BN AE AN 12 o, ol LA 25 250
BORRAF

(b) Bk HER

- Ay

(¢) Stanwick [F B

(d) Bk ER
B 12 Gl R ESS R

4 & &

AR SR Y — b T2 0 4 (A 2% 3 4
TR 2o T PG 8 KSR B 4 e R 5 4 £
LR FH g 24 A R 3 R A 3 R TR A 2 )
1%, B ISR E 7 45 BTy 1A A 135 5 1A B Y
RSl T =07 1) L 8 B 2200 95 BUELAE
PUAR, M50 Y SR TS B PR R fE. Xk
PEATRE A 1) S B Sk, 25 SRR W], o AR 154 B
R IPEO R AR SRR, AR SOk 5 oAt A OG5
TEAR LG, HAHOHOR Kot BRI 2 DR 57 B B AT (I,
HER A AT REFSEEE

2 % X W

[ 1] Chang Y M,Fan C P. Spatial-domain edgedirected interpola-
tion based de-interlacing to up-scaling technology for 1080i
full HD to progressive 8K Ultra HD[ C]//2017 IEEE Inter-
national Conference on Consumer Electronics-Taiwan (ICCE-
TW) ,2017.

[ 2] He H, Mandal S, Buehler A, et al. Improving optoacoustic
image quality via geometric pixel superresolution approach
[J]. IEEE Transactions on Medical Imaging,2016,35(3) .
812 - 818.

[ 3] Seibel H,Goldenstein S,Rocha A. Eyes on the target : surper-
resolustion and licenseplate recognition in low-quality sur-
veillance videos[ J]. IEEE Access,2017,5:20020 —20035.

(4] By, B0y, 50K KBRS R ]. iR %S
Ab¥E,2016,31(6) :1083 - 1096.

[ 5] BhEse, Zise, R 45 T FPGA 1y -4 43 HE R 1Y
RS B L) ] BN 74K, 2017, 40 (17) : 44
46,50.

[ 6 ] SKEES  XIBAR. B TR = U (555 Y 1R R 4 5 | 93
L] B 77 5151, 2007 ,24 (1) 249 -51.

[ 7] R, AR T AT EHSIR A R (e 4k 1P %Y VLSI
Bt L] P42 T R K72 41, 2010,37 (1) - 158 -
162.

[ 8 ] Zhang Y,Han X,Zhang H,et al. Edge detection algorithm of
image fusion based on improved sobel operator [ C]//2017
IEEE 3rd Information Technology and Mechatronics Engi-
neering Conference ,2017.

[ 9] Ye H,Shen B, Yan S. Prewitt edge detection based on BM3d
image denoising[ C]//2018 IEEE 3rd Advanced Information
Technology, Electronic and Automation Control Conference,
2018.

[10] Lee J, Tang H, Park J. Energy efficient canny edge detector
for advanced mobile vision applications[ J]. IEEE Transac-
tions on Circuits and Systems for Video Technology,2018 ,28
(4):1037 - 1046.

(11] ERGT WA, WRiE, 45 3 T H 5 IR A 5 IR 5 27 Ak 31
BIRZASIN T ] S HLN 5 8, 2016,33(3) £ 193 -
196.

[12] Chen W,Yu Y J,Shi H. An improvement of edge-adaptive
image scaling algorithm based on sobel operator[ C]//2017
4th International Conference on Information Science and Con-
trol Engineering,2017.

(13] R AR atele. BT Btk 8130 407 [0 5E Jr vk i B8
EHFEL ] BPEEOR 5T/ ,2017,17(7) 185 - 89.

[14] Cha Y,Kim S. The Error-Amended sharp edge( ease) scheme
for image zooming[ J]. IEEE Transactions on Image Process-
ing,2007,16(6) :1496 — 1505.

[15] EHCR,Wrid  TERL, 55 1T B 0 BRG] i
TR AR (F AR ,2006,40(9) 11507 - 1510.

(16] Z= A8, %, gk Es. T FPCA (10 % H & i KR 4i
[T LT R, 2013,39(5) 1253 - 256.

(17] 280, 0, ARG, B 3E N 7 J7 6 BRI (E 5 1
L)1, A as i K R 2E244k ,2014,40(10) 11463 — 1468.

(18] Frif, BeAs, ALu i, 5. —Fh 2y XU Ty ) Bicdfs fil 5 11 1%
AT L] Bdi R S5 40P ,2016,31(1) 73 - 84.

(191 XUBCHK, B AR50, 55 T G ) S RS 46 O
T[] E SRR 240, 2008 ,13(2) 225 -229.

[20] wh#R, TH, FM, 5. JF =B B B A 09 B 35 A
Baamg 3], NIRRT R LR 58, 2012,6(33) 11278 -
1283.

[21] %, 28 KRS ER— MR ECE R [T ], iRl
M ,2017,37(7) ;2067 —2070.

(THE 138 ;M)



138 I A G A

2020 4

PSP J B2 PR KL, T ALY 3 — 4 22 B (L o - TRURBEMYI 1 EE

A A 18 M Ao (L 14 1 0 i 55 S, Pt Dol AT £
Pt B8 R0 PSO Bk iy B FAAAT A AL 2
Ty BEAT G, ARKRE PSO ik B B A Ryl s i,
e B HE (BB TR 5 i S, M A R AR I AL ) — 2 22
B {EL 73 B TR FE I i Tl , FTGE R 1 1IPSO SRk
PSR 22 BI{E o RUBOMI B (19 SR 0 BI1E, SEBLR

18 1) 2 BE 57 HA %%%593 PNy Q= 73 07 N T B
ﬁt@f%ﬁiﬁaﬁ%ﬂﬁﬁ*’ P T ERE R R A
TR

2 % X W

[ 1] FE. EEHRIIM]. st Bhae ok, 2001

[2] LiJF, Tang W Y, Wang J, et al. Multilevel thresholding
selection based on variational mode decomposition for image
segmentation J ]. Signal Processing,2018,147 (1) 80 -
91.

[ 3 ] Tarabalka Y, Chanussot J, Benediktsson J A. Segmetation
and classification of hyperspectral image using watered trans-
formation[ J ]. Pattern Recognition,2010,43 (7). 2367 —
2379.

[ 4 ] Matic T, Aleksi I, Hocenski Z, et al. Real-time biscuit tile
image segmentation method based on edge detection[ J]. ISA
Transactions ,2018 ,76 :246 —254.

(5] @R TRpEpR, X0, XIUE B 8K 3 19 2 B AR E AL 1
BRI SRR BRI T]. A5 15 B4, 2019,41
(5):1106 - 1113.

[ 6] Otsu N. A threshold selection method from gray-level histo-
grams[ J ]. IEEE Transactions on Systems Man and Cyber-
netics,1979,9(1) :62 - 66.

(7] XUHE, SECH . IREZ S — 4 Osu [ 3 {5 73 #17k
[J]. Bahb=4R,1993,19(1) . 101 - 105.

[ 8] Wang D, Li H H, Wei X Y, et al. An efficient iterative
thresholding method for image segmentation[ J]. Journal of
Computational Physics,2017,350.657 —667.

[9] YeZ, Ye Y, Yin H. Qualitative and quantitative study of
GAs and PSO based evolutionary intelligence for multilevel
thresholding [ C ]//2017 10th International Symposium on
Advanced Topics in Electrical Engineering( ATEE). IEEE,
2017.

(10] RPEME, SRS, S5 1. —Fhogr iR RS A —R
FERT]. R TS H 740K, 2013,35(11) : 2430 -
2438.

[11] Civicioglu P, Besdok E. A conceptual comparison of the
Cuckoo-search, particle swarm optimization, differential evo-
lution and artificial bee colony algorithms[J]. Artificial In-
telligence Review,2013,39(4) :315 - 346.

[12] 3, . IRBFI AL — 4k Otsu PR #1573 #1550 15
LI P T R S5 R ,2018,40(7) =79 - 84.

[13] BB, okhn R85 F. BT it B9 B 5 I 28 70 A0 53 12
M4 Otsu 2 B E ER r B [T ). M 7 515 B2 4,
2019,41(8) :2017 - 2024.

[14] Rupak C,Rama S,Garg M L. An improved PSO-based multi-
level image segmentation technique using minimum cross-
entropy thresholding [ J]. Arabian Journal for Science and
Engineering,2019,44 :3005 - 3020.

[15] Bhandari D. Fuzzy divergence, probability measure fuzzy e-
vents and image thresholding[ J ].
ters, 1992 ,13(12) .857 - 867.

[16] Zhao X, Turk M, Li W, et al. A multilevel image threshol-

Pattern Recognition Let-

ding segmentation algorithm based on two-dimensional K - L
divergence and modified particle swarm optimization [ J ].
Applied Soft Computing,2016, 48151 —159.

[17] 2288 JuUME. 25T o BURH X5 L O BR] 8RE
BrefeaAik,2010,27(4) 2715 - 719.

(18] 22%%, g, kT ook 9 S AP35 37 1 B o0 3 0%
[J]. PR R 2440, 2017,22(2) 244 - 52.

[19] Eberhart R C, Kennedy J. A new optimizer using particle

[J]. T#

swarm theory[ C ]//Proceeding of the 6th international sym-
posium on micro machine and human science. IEEE 1995
39 -43.

[20] Bustince H, Barrenechea E, Pagola M. Image thresholding
using restricted equivalence functions and maximizing the
measures of similarity[ J]. Fuzzy Sets and Systems, 2007,
158(5) : 496 -516.

[21] Arbelaez P, Maire M, Fowlkes C. Contour detection and hi-
erarchical image segmentation[ J]. IEEE Transcation on Pat-
tern Analysis and Machine Intelligence,2011,33(5) . 898 -
916.

[22] Sezgin M, Sankur B. Survey over image thresholding tech-
niques and comparative analysis of entropy evaluation[ J].

Journal of Electronic Imaging,2004,13(1) : 146 —165.

(E#EE 132 ])

[22] Y6362, skl 007 ), 55 B6 T NSCT 9 X dsk 5 38 ) 151
BARMERAIEL ] AT S & i ,2018,55(3) 1629 -
642.

[23] Lee S J,Kang M C,Uhm K H,et al. An edge-guided image
interpolation method using tayloy series approximation|[ ] ].
IEEE Transactions on Consumer Electronics,2016,62(2) :
159 - 165.

[24] Liu P,Hong Y,Liu Y. A novel multi-scale adptive convolu-
tional network for single image super-resolution [ J |. IEEE

Access,2019,7.:45191 -45200.



	第9期最终定稿PDF 126
	第9期最终定稿PDF 127
	第9期最终定稿PDF 128
	第9期最终定稿PDF 129
	第9期最终定稿PDF 130
	第9期最终定稿PDF 131
	第9期最终定稿PDF 132
	第9期最终定稿PDF 138

