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A Bi-Linear Interpolation Circuit Using 4-to-1 and 2-to-1 Selector Logics
and Its Evaluations
Masashi SHIOT Masao YANAGISAWA'!  Nozomu TOGAWA'T

T Dept. of Computer Science and Engineering, Waseda University.
1 Dept. of Electronic and Photonic Systems, Waseda University.

Image interpolation is one of the basic techniques in digital image processing, and often used in a mobile phone and
a tablet PC in recent years. Bi-linear interpolation is one of the interpolation operations and interpolates a value
linearly from the values of the four circumferences. In this paper, we propose a high-speed bi-linear interpolation
circuit reducing carry propagation delay by using 2-to-1 and 4-to-1 selector logics. Our bi-linear interpolation circuit
is designed by using (1) only 2-to-1 selector logics and (2) a combination of 2-to-1 and 4-to-1 selector logics. We have
implemented our bi-linear circuits and evaluated them. Experiments demonstrate their effectiveness and efficiency.

1 0000

000000000000000000000000
0DLSI00D0000000000000000OnonO
000000000000000000000000
000000000000000000000000
0000000000000000000000
00000000000000000000000
0000 10000000000000000000
00000 1J000000000000000000
0000000 IPOO0OOOO0O0O0000O0O0OOO0
000000000000000000000000
000000000000000000000000
00000000000 0000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
ooooo0O0O00
00000000000000000000000
000000000000000000000000
0000000000000000000 [3)000 4
000000000000000000000200
000000000000000000000000
000000000000000000000000
000000000000000000000000
ooooooO
00000000000000000000000
000000000000000000000000
000000000000000000000000
0oo 20
00000000000000000000000
00000000000 pogo+pido (polpiOgeD 10

©2014 Information Processing Society of Japan

O1l.000O0O0O0Ooooooo

oo oo

Po | P1 | 90 r
Py | P | O Py
Py, | P 1 Py

Po

Qo
P.

%o

r (b) 00D
(a) 00000

01 2to-100000O

DDDD)DDDDDDDDDDDDDDDDDDD
[4]0 pogo + p1Go 0000000000 ¢o=1000
po00g=0000 p 0000000 100010
00000 2-te-100000D00000DO2-to-100
00 pogo+p130 D000 0<pogo+p1go <1000
gdoooooooooooooouoooobooa
0000000O0O0OO0OD 1/200000000000
ogoooooooobooooboboooobboooon
O02-to-1000000000D0DOO0O0O0DOOO0ODOO
oooooobooobooo I/QDDDDDDDDDD
ogooooooa
gooooooooobobooboooooooo
dddoopooooooo 2te-l000ooooao

163



DAY URTY T A
Design Automation Symposium

Po—F—+ )
==

Py —

I
P, )
——,
Ps )
L/
qO ql

02 4to-100000000

Podoq1 + P1q0q1 + P2qoqr + p3goqr (poUp10p20pslqo
00 100000)000000000O000O0O0OO
000000000 2000000 4-to-100000
gdodoooooooooooooooooooao
gdooooooobooboobooooooooooa
godddooooooooa

oo0oodooooooooooooooooon
O2to-l1000000 4-to-10000000000O0
odobooooooooooooooooooooboao
goodooooooboboboobooooooooa
Jddddoopooooooo0ooodod2-toe-10
JddddooDooooODOD04-te-10000DO0DODOO
gb0o00doobooooobboooobboooooon
ooo

2 Jb0oOooOOobOOobOooboobooobooo
ugn

00000000000000000000000
000000000000000000000000
00000000000 [40
21 0000
00000000000000000000000
000000000 200000000000000
000000000000 000000000000
ooooo (1o
2000000000000 ¢ b00000000O
0(l-¢:c0000000000000000 00
000000 @ b0 00000000c¢0 0<e<1 0O
000000000000000000000000
oooo

v=ac+b(l—c) (1)

000000000 3()000000000 3(b)
oooo
22 00000000000O000O0
00000000000000000000000
0000000 e b0 nO0000 00000000

©2014 Information Processing Society of Japan

[ 1
v/
l

() 0D0ODODOO (b) 0ODODODOOO

03 00000

cooboooooOoocooboooOooboOooooboo

a = [an_lan_g...alao]

= (Ln,12n71 + an,22”72 + ...+ a020
n—1

=> a2 (2)
7=0

b = [bn_1bp_2...b1bo]
= by 12" by 022 4 520

n—1 )
= b2 (3)
=0

00000000000 ¢0 0<e<1DO nOD00OO ko
ooooooboobooooobooboooocoooono
oooo

¢ =1[0.cp—1Cn—_2...c1¢0]
=cp 12V en 92724 . 2

n—1 ]
=Y 27 (4)
=0

0 (1)00 (2)0(3)0(4) 0000000000000
000000000000000000000

n—1 n—1
0= a2 (Z ci2<’”’>>
§=0 i=0

n—1 n—1
F D02 | (1= a2 (5)
j=0 i=0

0002000000000 (5)000D00D00ODO
ooo

n—1 n—1
1= 2790 =3 gD 27" (6)
1=0 1=0
0 ()00 (5)000000000000000
n—1n—1 o
0 (5) =Y > (aje;+ b2 i)
i=0 j=0
n—1 .
+) b2 ) (7)
§=0

164



DAY URTY T A
Design Automation Symposium

DAS2014
2014/8/29

2° 2% 2" 2° 27" 272 27 o™
AsCo | A2C0 | Ai1Co | AoCo
bsCs | biCs | bics | becs
AsCi | A2C1 | A1Ci | QoCr
bsci | bici | bici | bec:
AsC2 | A2C2 | AiC2 | doC2
bsCz | bac | bica | bec:
AsC3 | A2C3 | A1C3 | AoC3
bsCs | biCs | bics | becs
b | b | b | bo |

() D0D0D00O0DDO0OO0OOODOOO

3 a2c0_| aico | aoco
| po| fe | de |
3¢ | g2t | gict | goct
3CT 2Ci iC hoci
3c2 | a2cz | aicz | aocz
sc2_ | bicz | bica | bocz

Calesoa] b
by | b | b | b |

(b)DODOoooooooooooo

04 n=4000000000000000

0000 (7)00000000 2to-1 0000
P +md0000000000000000000
000000000000000000000000
000000 (7) 00000000 2n2+n00000
0000 (7)00000 2te-10000000000
0000000000000000000000000
000000000000 1/20000000000
0072 +n0000000000 2t0-100000
00000000 »2000000000000000
0ooooo

n=4000000000000000040000
000000000000 101000000000
00000000 2t0-1000000000000
00000 4000,=4000000000000
2t0-100000000000000000000 36
0002000000000000000

3 0ObO00O0OOobOOobOobobooooooo
ggoood

O0000oo0oooooO00ooooo0O04-te-100 2-
to-10000000000C0O000O0DOO0O0O000O0
goo
31 0000000

0000000 BD00D00bD0o00oooooo
Oo00ooooo00400000000000000
oboooooooobooooboobooocooboooa
ubooobooooobooooboobooocoobocooad
oo0o0ooOoOo00oooO0oOo00O0sb0000oon
ooooooooooobooon

oobooooooooooooboooog sgoon
0O«dbdc0d000000000000O0O 20000
000000 y0ODODOOO aO0bdcOdO 00O
O0O002z0y0 O<zOy<lOOOOOCOODOODODOO
oo0o0Do0o0o0o0o0o0odD «00000wO000
ooooDo

u={ar+b(l—x)}ly+{cc+d(1l—2)}(1—y)
(8)

©2014 Information Processing Society of Japan

HES R [ES Y
s O
@%{EU v
M
\\J A
DT ES A
1-vy
X 1-x
—>: < >
) O

[LIEE!

H
M
i
(¢}

O5: 00000000

32 000000000000000000d
gooooooobbobobbbbooogoogo
oo0odo02200000000000000000
ooooboboobooboobooobooboon
OO00O000D0ODOO0OO0OCO0O0O0D4-t0-100 2-to-1
oooOoooOooOoooOoo 20000000000
ggno
321 0000DOOOODODOOODOOOOOOOOOO
gooo
0@®UU00DDO00O00DO00OUDOOOOn {ebb
Oz}0{c0d02} 0000000000OOODOODO
00000000 {az+b(1 —z)0ecx +d(1 — z)0y}
0300000b0oobooboobouoobooobon
o00odO0oo0oodooUdedbOoUOOObOOODOO
0030000000000 020000000DO
ooobDOoDOOoOOOO0oCcO0OOoOoOooOobDOoDOono e
oooOoooOooOoooooooooogo 3oooog
gogoooobobobobboboooooooooooo
goooooobbobbbbboooooooobooboobo
O0n000000DOODOODOOODODOODOO
0000 12n?4+4n000000000000000
O6n?+4n 0000000000000 6r2000
gobooboodgn
n=4000000000 700000 7(a)d(b)
ooO0oOodoobO0o 10100000 1000D00d

165



DAY URTY T A
Design Automation Symposium

3 2 1.0 ,-1 -3 -4

w
N
i
L
&
A

2°2°2'2°272%) 2°2°2'2%2"27% 2%y
$3e $st
[ ] e o [ ] e o
s 3838 EEEE
[ ] [ [ ] [ [ L[]
. 83 + 83
H EH B H B B
¥ ¥
2°2°272%9"97 2% 22 9% 97 2% ® 51515
RN
[ [ ] ] o ] [ ]
SEEERE RN
[ o o [ ] [ ] ]
e & 6 o o o o
isiidsc’
] [ [ ] o o
o e O o o o
o o e s oo °
e 8 S $2s°
+ ¢ e e ° = H B B B B B =

3 n
() 000000000000000

07 n=4000000000000000000

a X b Cc X d
lvlvl lvlvl
y
!

w\/ \/ v
u

O6:000C0COCOCOOOOOOOO

00000000 2t-10000000000000
0000000 2t-1 0000000000000
002t-l 000000000 2000001000
000000 700000000000000000
00208000 11200 9600000000000
oooo
322 4to-100 2to-1000000000000
00000000000000000000000
000000440100 2-to-10000000000
0000000000000000
00000000000000000000000
()00000000000000000O0 (8)00
a, b ¢ dzy00000000000000000
0ooooooo

n—1

a= Z anj (9)
=0
n—1

b= b2’ (10)
=0

©2014 Information Processing Society of Japan

DAS2014
2014/8/29
232221202—12—22—324 23222120%—1%—2%—3%4
A A A A . A 42
+A:£§E:I+A::$:II
¥ b 2
0. 1.2_.3_4_5_6_-7_-8_9_-10_11_12
LT S S S S SRR
A 42221412122
s a4 2221212
A A A A A A A 4
+AAAAAAA=IIIIIII
- i
(hyOOOoOooOOooOOooooooo
n—1
C=ch2j (11)
=0
n—1
d=> d;2’ (12)
=0
n—1
z=Y z;270" (13)
1=0
n—1
y= Z yh27(nih) (14)
h=0
0 (9)0(14)0000 (8) 0000000000
()
Za]2J Z‘EQ (n—1i) Zy}z (n— h)
j=0
Zb2] ZJQ(TL l) ZJh2 n— h)
j=0
n— n—1 -
ZCJZJ Zx? (=) ( kahr(n*h))
h=0
n—1
+(>_d;i2( §:x2<"” E:yﬂ (= (15)
=0

0000 (1500000 2000000000000
oboboooooonog

n—1 n—1

_ Z xi27(n7i) =1+ Zx—zgf(nfi) 4o n (16)

1=0 1=0

n—1 n—1

_ Z yp2~ () = 1 4 ZEQ%nfh) 42" (17)

h=0 h=0

0 (15)00 (16)0(17)00000000000000

166



DAY URTY T A
Design Automation Symposium

ggboooobod

—~

mf

_ B o
Zaﬂ] Z‘T 2_(n_i))(z th_(”—h))
=0 =0 =
n—1 n—1 i
+( bj2])(z 2_(71—1') + 2—71)(2 yhz—(n—h,))
=0 =0 h=0
n—1 -1
Z 0]27 Z 27 (n— 2) Z 7 L27(n7h) + 27”)
=0 =0 h=|
n—1 n—1 B
+( djzj)( 12 (" 0"1‘2 " Zy 2 (7L }L)+2 IL)
=0 =0 h=
n—1ln—1n—1
=505 (agwiyn + byTiyn + e + diwagn)2 @)
h=0 i=0 j=0
1

0 @
n—1n—

0

n—

>

n—1
+) dj2m D (18)
j=0

1

Z ]yh+d]yh 2 (2n—h—j)
=0 j=
1n—
i=0 j=0

0 (18) 00000000000000000000
0000020000 4t-10000000000 1
0000 2t-100000000000000000
000000000000000000000000
000000000000000000000

n=4000000000800000 8(a)d(b)O
0000000010 100000100000000
00000 4t-100000000000 2t0-100
000000000000000000000 4-to-1
000000000000 26100000000
00000000000000D0000000000

0000000 324000 1000000000000

O7(b)0D 8b)0000O00CODOODOO 7(b)0O
112000 8(b)0 1000000000000000O0
8b)OOIDODODO
n00000000000D0000000DO000
0000000000000 (0 7(b)) 0 6n244n0
O00D0O4-to-100 2-to-1 00000000000
O@8b)ydnP+2n*+ni000000000
n=50000 4to-100000000000000
8b)0I000DOIODDOOOONDOOOODOOO
000000000000000000000000
OD0004to-100000000000000000
000000000000000000

4 OO0OO

0d0d0dd200000000000000000
gbbodoobbooobbuooobboooooo
d00o0oooooUoooooooooooooo
gdooooOoO0ooOoOoOoOOOOOOOOODODOOO
00000 VHDLOOOOO
41 0OO0O0O

O000000O0O0OO0O0ODOOOOSynopsys 00 De-
sign Compiler D-2010.03-SP5 0 00000000

©2014 Information Processing Society of Japan

DAS2014
2014/8/29

02 00000000000000000 (0000
0)o

bit oo 0000 [ns] 00 [um?]
Op 1.17 (100%) | 5483 (100%)
4 | comb Op | 1.22 (104%) 5111 ( 93%)
comb 2Sel | 1.03 ( 88%) | 3254 ( 59%)
4Sel+O0p | 0.90 ( 77%) | 4351 ( 79%)
Op 1.70 (100%) | 18372 (100%)
8 | comb Op | 1.72 (101%) | 20048 (109%)
comb 2Sel | 1.46 ( 86%) | 10945 ( 60%)
4Sel+O0p | 1.36 ( 80%) | 33124 (180%)

000000000000000000000000
0 STARC *1(CMOS 90 nm) 00000000000
4bit 00 12bit 000 8bit 00 24bit 000 200
000000000000000000000000
000040000000000

1. HDLOOOOOOooOoooooOo [Op)]

2.00000C00000DODODOOOOODOOO
0000 [comb Op)

3. 2-to-10000000DO0OODODO0OODOOO
0000000 [comb 2Sel|

4. 4-t0-100 2-to-100000D0O0ODCOODOCOO
HDLOOOOOOOODOOOOOO [4Sel]

[comb Op] OO [comb 2Sel] DO O 6 00000
goboooobobooooobbooobobooboboo
[comb Op| 0000000 OOOOODOOOODOOO
000000 O[comb2Sel]000000OO2-to-10
goooboboooboobooboooboobooon
gobobooooon
42 0O0OODOODOO

gooooooobobobbbboboooooogo
ooooobooooobobooboboobooboon
ooooOoOooobo 20000

020000 [Op)000000O0D0OOODOOO
000000000 [4Sel] 000000 0DOOO4bit
00 23%08bit 00 20% 000000000 [comb
28el] 000000000 DO4bit 00 41%08bit OO
40% 000000

5 0ood

0000 4-t0-1000000 2to-10000000
0000000000000000000000O [4Se]]
oooobooooobooooboooooocoooond
ooooooooooobooooboooboooooDo
ooooooboobooboooooooooboooooo
0ooo00ooooDooDD 2% 000000000000

*1 STARC 90nm 00 000000000000000000
000000000000000000000000000
(STARC) 0000000 SoCOODDOOD (ASPLA) O
00O000000000000

167



DAY URTY T A DAS2014
Design Automation Symposium 2014/8/29

21 20 2—1 2—2 2—3 4 -5 -6 - -8 21 2O 2—1 2—2 2—3 2—4 2—5 2—6 2—7 2—8

00000000|N

00000000000000000000|IN)

00000000000000000000000000000OOOOOOOOOOOOOO0O00OO0O0O000000INY
000000000000000000000000000000000000|IN

0O 000000000000000000000000000000000000000000000000000000000000(N)

o]
o]
o]
o]
o]
o]
o]
g
8 8 3
g 0 oA
o O o
o O
o O
o O
8 8 o
Q0 Q o4
o O O
o O O
o O O
8 8 8
A A A A
8 8 8 A A A A A
A A A ﬁ A
A A A A
A A A A A
AArail
A A AN A t
A A AN A
A X2 ad
: A A A 2 A
: ;5844
$ 3 144141
° 3 A X2t 212
e o HE B B ©® A A A A A A B E B =
(1) 0000000000 O0ODOOO (b)DODODOODODoDOoDOoOoooooo
08 n=4000000000000000000
ooo0ooopooooooooooooooooog Specific Systems, Architectures, and Processors,
000000000000000000 pp. 204-214, 2003.
ddooobobobobbooooouooooooooo 3] D0 0OO0,CGUOLO0ODUOODODOOUODOODO
ggbooobooboobobooboobooo oboooog, 2006.
00 DODO00ODO0ob0OOoD0Do0oOoD (oooo [4] M. Shio, M. Yanagisawa, and N. Togawa, ”Linear
25540021) D OODO and bi-linear interpolation circuits Using selector
Logics and their evaluations,” in Proc. IEEE In-
oood ternational Symposium on Circuits and Systems,
[1] A. Belahmidi and F. Guichard, “A partial dif- pp. 1436-1439, 2014.

ferential equation approach to image zoom,” in
Proc. ICIP, pp. 649-652, 2004.

[2] M. J. Schulte, L. Marquette, S. Krithivasan, E.
G. Walters III, and J. Glossner, “Combined Mul-
tiplication and sum-of-squares units,” in Proc.
IEEE International Conference on Application-

©2014 Information Processing Society of Japan 168



