Journal of The Institute of Electronics and Information Engineers

20144 98 MX3H3 ==X H 518 X 9 &
Vol. 51, NO. 9, September 2014

== 2014-51-9-9

MiEE 274 &

(A Study of Integral Image Hardware Design for

g9l ARy shEde] A A7

Memory Size Efficiency )

o & @, § A"

(Su-hyun Lee® and Yong-jin Jeong )
L2

oF
of

1=
'\__‘
3

B NTHERY EAA0L A ¢

=

o & Haar-like features®} 7+ ULt
2 Ags] fste] AHgETh 18y AR G4 JE AR 30 o] B WEHE iFL'
121 st=dlo] Al A e Aol ot} & m=dodlAe &4 M=y AES ¢

?li th 3ld WHS HEG olfol MEAEGLT FEAEITS A, dEH9%S
i ‘i‘é -é‘Ei-J A7]e Wt modulo A A B3te] QGG oy A& Fole W
71 8 wrolxl @94 dHolHE Al HAlEokshE st SHE =Tt AEtA]
2 WEAZ} 71 stude] A4 E 2 93-S vHA FErh XilinkA)

x480 =7]¢] 8hit gray-scale ¥ G H 32x32 279 HEALES 7F

\_

2

O

H
v 7)) HjolE E T
Virtex5-LX330TE w42
o 50969 AR M

< W A&t A2 9
T3]

H’d

AC)

Abstract

The integral image is the sum of input image pixel values. It is mainly used to speed up processing of a box filter
operation, such as Haar-like features. However, large memory for integral image data can be an obstacle on an embedded
hardware environment with limited memory resources. Therefore, an efficient method to store the integral image is
necessary. In this paper, we propose a memory size reduction hardware design for integral image. The hardware design is
used two methods. It is the new integral image memory and modulo calculation for reducing integral image data. The new
integral image memory has additional calculation overhead, but it is not obstacle in hardware environment that parallel
processing is possible. In the Xilinx Virtex5-LX330T targeted experimental result, integral image memory can be reduced
by 50% on a 640x480 8-bit gray-scale input image.
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Integral Image.
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Table 1. Reduction rate of new integral image memory.
1. 22 HAs
AT HEGNE MTst7| A W ze
[5]¢] +=x X*%/\l Hﬂ”ﬂ io]: Axtat7] $1ste (8bit word (%:é*ﬂil‘%) &8 (29 : bytes) %-Ei)%
T2 NZE %
reduced memory size 320%240 4:3 240,000 139,200 | 42.0
= integral image memory size 640480 4:3 1,036,800 595,800 | 42.6
-~ new integral image memory size 800600 4:3 1,620,000 945,000 | 41.7
1 1024 X768 4:3 2,752,512 1,572,864 | 42.9
= WHL,— —~WH(L;,+ L..+L,;) (13)
4 16001200 4:3 7,440,000 4,140,000 | 44.4
_ 1 WHGBL, — L. — L) 1280%1024 5:4 4,751,360 2,703,360 | 43.1
4 2 T
1280%720 16:9 3,255,600 1,872,000 | 42.0
a3 WEE FAES 74 (16)9] YERL 2048 X 1080 16:9 8,294,400 4,700,160 | 43.3
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32%32 172,800 | 28.0 37] W&o o2 AR 7HAg0] ol Aotk
320%240 64X 64 240,000 192,000 20.0
128128 211,000 | 12,0 > FPGA B
3232 691,200 | 333 AA st=go] AACA AREEE HWEEe] A7
640%480 6464 1,036,800 768,000 | 25.9 Ibit ©919] word length #&o] oj&t} ok A g
128128 844,800 | 185 o|2HQ 9} stgo] Aol HEH AA Fag
32%32 4,976,640 | 39.8 © sy ©l8ke] FPGAS BAlow #g A2 o
2048X1080 | 64%64 8,294,400 5,529,600 |  33.1 Mate] o Ave nwsd GAES [SE 1242 ol
= PR B gelglom, I 4gold MRS FEE AgdTh 2
E 5 Moddo ANE NBE MEE NEEY W22 go Xiinclel Vined LX30TE HASE oo
Table 3. RlaductTof rate of new integral image memory Ao, ok YR ddt AR e 270wt
using modulo calculation. A5 sk 4 Aol e vEZe AMRES %
AT WA o MEGAS MAS| Y o2 - il _Xéa R ii] e - Hé}
@it word | = 2H Y (9] bytes) a1g of st=glo] FxolA PHFY = ALfsta 3
wan | e [ mem | CER
32x32 122,400 | 49.0 213 7Ure By AAAo R wRee ALgaFE o
320%240 | 6464 240,000 127,200 | 47.0 2421 ALY ¥ AFEEATE R gAag =
128x128 132,000 | 45.0 5 o]27 X9} AU tha HFHo 7 2% AL
32x 3 508,800 | 509 A Ukl Virtexs FPGA9 W5 22wzt
640480 64X 64 1,036,800 528,000 | 49.0 18KbitsTH) 2 FA =] 9dom, 16kx1, 8kx2, 4kx4,
128128 o47.200 | 472 2kx9, 1kx18, 512x36, 256x72} 22 Ape]=iz A4
32x32 3,732,480 | 55.0 o] /\}%%q[%iﬂ e bit widthe depth7} 2 85}
2048x1080 | 64%64 8,294,400 4,008,960 | 51.7 o} Wol 7] eFow Wrl RO SRS Amah e
128x128 4,147,200 | 50.0

E 4. FPGA oM MEAH4 oZ2| ALZE |l
Table 4. Integral image memory usage comparison in FPGA environment.

(iﬁ;' || e ze 2 NEYAS K| A3t 22 2 (29  Kbits) %'Ef)g

length) SO T — 6] 51+16] 5] 6 | [BI+6]
32x32 1,350 1,026 31.19 47.7

320X 240 64X 64 1,962 1,206 1,531 1,080 38.5 21.96 44.95
128x128 1,692 1,116 13.76 43.12
32X32 5,400 4,050 33.3 50.0

640X480 64 X64 8,100 4,734 6,084 4,230 415 24.9 47.8
128%X128 6,750 4,392 16.7 45.8
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