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Design and Implementation of Hardware for various vision applications
F "ol B
(Keuntak Yang * Bongkyu Lee)
Abstract — This paper describes the design and implementation of a System-on-a-Chip (SoC) for pattern recognition

to use in embedded applications. The target Soc consists of LEON2 core, AMBA/APB bus-systems and custom-designed
accelerators for Gaussian Pyramid construction, lighting compensation and histogram equalization. A new FPGA-based
prototyping platform is implemented and used for design and verification of the target SoC. To ensure that the
implemented SoC satisfies the required performances, a pattern recognition application is performed.
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Fig. 1 The block diagram of LEON2

LEON2E 7|dto 2 7]&E9] [PES o] &3l MZE 7%
9] SoCE Fdsted EHHLR A8 F JEFE AMZ &
el FPGAZINF ZHES AFste] A 7dzgeln
ARG S ZREL AAT AA =S (ZEAA,
AbgaE FtEde] BE25) dd F dyz A 9 HA5e
F U 75S AFI (8] AL SPEA At 9
- ZA = LCDe Zhvlgtelty. 19 2& AA 749 N
ZNEY EEES A AKE HAFH x 12 FdH
B FAEY AMSS HAFET

DsU

FPGA

8/16/32bits memory bus
fo R 10]

a8 2 Y EHE

Fig. 2 The prototyping platform
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Fig. 3 The block diagram of the implementation

Inferface

SDRAM
pial

Mux

ol
ol
&

>
>

12C

-}
o

o
Moo 2 qfr o 2

=
i

g% 4% AAE GP 75 ¢1EEE 3% Pyramid
Reduction (PR) E59 3st=4o] Fx9 I 249l
Pyramid Reduction Filter (PRF) X%E¢ RTL A4S
HolFErh PR EE2 wEy HT 2 W2 AEF o] 2
AME-% = ‘Host interface’ F23 AA JHr= ArlS
33t PRF ZEZ TAEch Host interface’ R E-
PREF9} ©& ZEEZ Apol9 RIHHEE AFshe=
Aoz AH wEEy HE (DMA) #" 329 ’'Source

DMA’' E=3 Destination DMA'Z TAETE ’Source
DMA' E2& 92 SDRAMPIZZ el & 94 dHolEES
PRFe] Adste 71%5S 33t PRFE gez wre
22H 4l A 3-taps AW ZH  (low-pass
filte)2 AEFAS Aoz yPu=  Axs
Sk =

Host interface

AHB Master

AVBA AHBBLS

Source DMA

DMA
Input
FIFO

DA
AHB Master
111 Destnation DMA OF“‘(F"S( 1

Pyramid
Reduction Fiter
(Data, Control
Path)

Line
[«—>| Memory
A
Line
[«—»{ Memory
B

(b) %8 (+

0% 4 Dalojs odpaEE

Fig. 4 The pyramid reduction block

158

AA 2l PRFY dloly 3& (Data Flow)& th&3
t}. ‘Source DMA' £2& SRAMo S+ 48 el
H 16 AL 'Input-FIFO' W# & ¢joj2rl. PRFE ¥
o] g FAS giaor FH(Row)wde AEEA
(Convolution)? ® Al o)A (Decimation)s G 33ste] Ao
A ARG AE UF wRed Al AT old &

PRFE "A’o]l A4E FAL o2 42 (column) Wako
2 A& vA ol ds AT F, AE uiF v
Bl A iy dme Bel Add HAss
‘Output-FIFO' W& o]F ¥ ¥ DMA <s|A HFHo
2 SRAMel AAgch o]d ik #Ae Hx @A N9
g, bR glee gk Aviek Y g g &

Qe A7l utet 7}@1*42@ AR

% 5 AA FAeNA " B el HeE wXw
49 w : A= =Z7De wiEA LIC ¥ HEE Fdst=
34704 (Image Enhancement. IE) &9 WF FX=
HolZt} ‘Host interface’s 18 49 dgv= A4 82
el gle ¥ 22 3o, DMAE &3lo] 9
Hrgd e FGFddolHE  Read/Writest=  715&
T3ttt ‘Source DMA' E52 WA F wEZEH
Ao AMET wXw FIE 01 3, WHol ey
(2K X8 bits)ell Aggct WA JAELS AGEd AA
LIC ¥ HE <94Fs w493l Preprocessing’ HEEO|
AgddEd. a34d 4 48 FIdS Sstoq IE
EZd = 219 U ¥ detrh, WA gpbe] v H o
golg 7} Eo]2 % ‘Preprocessing HEEE E3dl9
AA 7 o]FojA 1 e B, DMAE Nz 24
FE tE W AFste Folxuel WAL AHHYE
A AAERN, JA FIAE Fole JTE gl
A7 958 Ay CPUAM Aol 7Msst:
‘Destination DMA'ell a4 <] F wEgo] A gt 1
6ol A= LIC®} HE®] dHeole A& 2 ANz E X33
RTL EE5=E& HoFt}

_IH o

i)
il
—u

THEE SoCE £93]7] 9air= 2ZEY 7} Dast
th ES SoColl MZE 7]5& AZEg|HoR Fr12 3
%, 08 AWT F U BAL WEo] Folof Ak o
Ae mEsle] Y SoCol e HAH3HE &9 A4 &
ZEJO /Y FAE FA AYs=E ] Hs 29 7
I 2o RERY 7uke] AZE O NIAAS FET)

Host interface Result

AHB Master DMA Preprocessing Module

|| Destination DMA

AEA A B
o
Taantr
[y AHB Master L DuA
Source DMA FIFO

Lighting Histogram
E T[]

mage Correction ||
s
Y

Input Buffer | | Input Buffer
B

2Kx8 xxs

8 5 gaie e

=

Fig. 5 The block diagram of the image enhancement



Histogram |
EQTable [
256411

(b) HE 32 =

O8 6 LICeF HES| RTL EE&
Fig. 6 RTL diagrams of LIC and HE

Power on/reset

Hardware Initialization

Timer/interrupt init
Serial ports init
Memory init

O devices (camera, LCD)init

Task start butfon
no

yes

Library

TImage Capture
LCD Display
[Memory Read/Write

Algorithm Blocks et
(User functions)

18 7 28 A2Y 5BE

Fig. 7 The flowchart of the application system

EX SoCol ¥3ty = ZE F=go .45
Tdstgen, XILINXALY] 7

3 (Mapping)€dt}l. oA A
Ad agla A" 94

< VHDL=
< °]&sto] FPGAOI] o

Kol
Helg st=Ede RES BT o
9 FPGA%Sl TR/ bl w2 Fo 7R el
sedole] A BARYL AFT £ Yok AAAA F
44 2 284 WUks 6}04 HEN AE $g AaE
A7 SoCHNA F@sm A
?_ —%L oi/\]— _0_% }\]}\Eﬂo :ZEIU o]]l\-] _t_;]_Eo] 37]]94 _Z,_
2" (steps) o & FAHETE WA oA A (nfo]A
Abel MTOV112 [13D)E ol&3ate] vkt 27]9 }%‘CJHEJVE—
171 ol x3he 320X2402719] 43S 5 (17 Q).
E%‘EJ @gel talA 13¢Al Fgn= o] Eub bl
H= Zzke] s dalA AF sjds e B ol

Trans. KIEE. Vol. 60, No. 1, JAN, 2011

= AEEs @ Ay gHu=E HEeA] ge AE
<= nEsA Ze 2 olfE A WolE 43T gl
ol gE vzl E7k537] wiEol o

Ienage Pyvarmad

A captured amage (110 % 240)
Preprocesang

J0030 smed patlern

]
|

Light correction || Histogram Eq

O 8 7ol A|AHE ALQF
Fig. 8 The specification of the implemented application

A7 v Asa FAES TS 30719 320X2409

e o @ AU & 2 e g 49 A

LIC ¥ HEE 3sHA &2

¥ 2AvE e A8 LIC 3 HEE @ 24
5 1

m}&_:\.‘:_ﬂo*

2R B AT T
L3HA AHEE 5 9 %

!UIO r_?g
=
L
™ — oo
N

T oo
oo
>
[>
faii)
—
Hy
=2

k3 2 &8 v

Table 2 The comparison of detection rates

A A 3y HAEAF HEE&(%)
Pyramid LIC
HE 25 Alg 61 93
Pyramid®t A& 32 49

)
!
i
>
op

]_

2

320X240

2 o off
ol

1E o o
rlr i o o

o

>,

o

o

I

2

o,

e fy
A f o ot

>

N,

rlo

BN

N
m @

of ™
0?~
hs)
o
=)

0“ }v] Pllmel(_)_
= L}E]—l}]u:]v Ltime*"]' Htime% =1l
Mregions'\_?_‘ @X—ﬂ %/K_}! o]

E}' Dtime'\_?-‘ "?l"a' “?‘]f/]__
=
=1

N

o},

Pype + M,

time regions

X (Lie + e+ Lime + Dige) )

159



M71Es =X 60 13 20114 12

E 3 7MY 224

Table 3 Required times of processing modules

e e | T4 28 A ZH(msec)
Pyramid 7<= (Piime) H/W 160
30X309 4 =9 (Lime) H/W 0.0127
LEA ( Liime ) H/W 0.0911
HE (Hiime) H/W 0.0521
Decison (Dyime) S/W 0.129
g FAT (Mregions) 256974
F 28 Az 892
Axt A¥, SoCell FEE Al="EL 320X240 F4S
A= 089222 A2Q2359t. s=golgz Qs
e AxE Z2AH37] 98 LEON2 CPUOl A
duYES £ AZEYOR T FUI} HYS
A3 Avke 1915271 2 o] HuAE S Fdol
37kA AH g o] s=do] FHOR VEY AZEI ORI

FARG 219 FEage] ool AL HelHdAT

5.4 &

BoERAE e SSse A%E AAE e
Hubelzel  GFAY s S8 ALWE ARHOR
FHE + Yt SoCE AT AARAL. EH 4A
AQg/muted sl FEe] Asd AE $§ F
sl SEAE Ax® AAE SoCol TAFD AL
45 492 Fstel FdE SoCt dEdolE B
e AN e Edel Gamd S8
2549 A4 s AFE FAd wdRdee
waieh

i
Kl
Ao
r_(.)h

[1]1 J. Yang, X. Chen, W. Kunz, "A PDA-based Face
Recognition System”, Proceedings of WACV 2002,
2002.

[2] Jong Bae Kim, "A personal identity annotation
overlay system using a wearable computer for
augmented reality,” IEEE Transactions on Consumer
Electronics, vol. 49, no. 4, pp. 1457-1467, Nov., 2003.

[3] E. Foxlin and L. Naimark, "VIS-Tracker : A
Wearable Vision-Inertial Self-Tracker,” IEEE
VR2003, March, 2003.

[4] H. Nakajima, Y. Matsuo, M. Nagata and K. Saito,
“Portable  Translator capable of  Recognizing
Characters on Signboard and Menu Captured by
built-in camera,” Proc. of the ACL Interactive Poster

and Demonstration Sessions, pp. 61 - 64, June,
2005.

(6] P. J. Burt and E. H. Adelson, “The Laplacian
pyramid as a compact image code,” IEEE

Transactions on communications, vol. 31, no.4, pp.
532 - 540, April, 1983.

160

[6] Kah-Kay Sung. Learning and Example Selection for
Object and Pattern Detection. PhD thesis, MIT Al
Lab, January 1996. Available as Al Technical Report
1572.

[71 J. Y. Kim, L. S. Kim, S. H. Hwang, “An Advanced
Contrast Enhancement Using Partially Overlapped
Sub-Block Histogram Equalization,” IEEE
Transactions on Circuits and Systems for Video
Technology, vol. 11, no.4, pp. 475-484, 2001.

[8] P. G.. D. Valle, D. Atienza, G. Paci and F. Poletti,
“Application of FPGA Emulation to SoC Floorplan
and Packaging Exploration,” XXII Conference on
Design of Circuits and Integrated System, pp. 236 -
240.

[9] Theocharides, G. Link, N.Vijaykrishnan, M. J.
Irwinand W. Wolf, “Embedded Hardware Face
Detection”, Proceedings of th 17thInternational
Conference on VLSI Design (VLSID'04), Jan., 2004.

[10] O. Sims and J. Irvine, “An FPGA implementation of
pattern-selective pyramidal image fusion,”
Proceedings of 2006 international conference of field
programmable logic and application, Mardrid, Spain,
August 2006.

[11] Z. Salcic, J. Sivaswamy, “IMECO: A Reconfigurable
FPGA-based Image Enhancement Co-Processor
Framework,” Real-Time Imaging, vol. 5 no. 6, pp.
3857395, 1999.

[12] LEON2 processor user's manual, Gaisler Research,
http://www.gaisler.com

[13] MT9V112 manual, Micron
http://www.micron.com

[14] A. Kumar and B. Yegnanaarayana, “Template
Matching Approach for Pose Problem in Face
Verification,” MRCS 2006, LNCS 4105, pp. 191-198,
2006

Technology  Inc.,

2 = B (R R =)
E-mail : doongul@gmail.com
AF et AE A sk} ukata g
Bk ¢ HEA, SoC

&

o & # (= B %)
AFd st ArbEA s g
Tel @ (064)754-3593
E-mail : bklee@venusl.cheju.ac.kr
Aok ¢ A E SoC AA

o





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


