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Abstract

We implemented and evaluated the performance of a task level pipelined multicomputer
“RV860-PIPE (Realtime Vision i860 system using PIPEline)’” for computer vision applications.
RV860-PIPE is a message-passing MIMD computer having ring interconnection network which
is appropriate for vision processing. We designed the node computer of RV860-PIPE using a
64-bit microprocessor to have generality and high processing power for various vision
algorithms. Furthermore, to reduce the communication overhead between node computers and
between node computer and a frame grabber, we designed dedicated high speed communication
channels between them. We showed the practical applicability of the implemented system by
evaluting performances of various computer vision applications like edge-detection, real-time
moving object tracking, and real-time face recognition.

EoY: WA

I.ME

2711 E2 331 AkRs BAE] A% FHSE Al

* IERR, OERRsRy R Y BT8R 35E
T8 \RE

(Computer Engineering Research Laboratory
Department of Electrical Engineering)

BSEAT 1995288, %R Y 1995412H18H

(38

7} A2](computer vision processing)+ X sof
g diole} k& EE Ao dwelEe BAER
B Al a7 o AA 4% T oBee
A3 Qlek. wlebd AXAZE AFE A A=E 9
T A% Az dxEEl WAlE sl wEds A4
g g3l oF I3} ¥ + e AL oFIEH
£ e Ao Aol ol fMe A A” o
ze)Ee 49 HdbA (parallelism)d] HEH% w2



19964F

o] Baspchitl 2l

dEel Azt A dweE|Ee 3Ale]l AR
x2] #(abstracted processing leveD) & FAIE
o] it} olaigt FA3le] AMA dAZE Y I
o Al dFshs AeE A=(low-level pro-
cessing) 7} 9t} o] wAllE S8 ot g4t
(image), =¥ °dAk(labeled image), theAdE. <34
(multiresolution image)s X4 34 dlole}
{numerical pixel data)ell i3} e} (filtering).
24 (convolution), §4 FZ(feature extrac-
tion), W (transformation)™ 2 27} 44
o} ol2’t AMzle] PR 7 Shie] A FUR
AeE & 5 e dHelg el I wYA
(spatial parallelism)-& 7|2 Q2B = o]F ol&
3 o= #"(massively parallel) Al2®& 38
& 4 glr} ol F2 SIMD(Single Instruction-
stream Multiple Data-stream)%2] d4tAe] A
£-9f VLSI el2 7=} ol2lgt SIMD olzidA
2E 1 94 Feeluel w4 (mesh), ofallo] LA
A{(array processor), 3Fo]#FR.(hypercube), ¥
ez 2 (pyramid processor)So] ek o
o2 WY op)¥gEE  CLIPTA',
MPP'“!5¢ £ 4 ¢lom, CM(Connection Mach-
ine) ®'e]  A4E Fa(loca) FAE SleiME
NEWS network-$ o443}, wiAz]|e] Z2Ajr{Alo]
9 FAle Hside ol FH AAE o83 ¥
5 #ge} Aetol= olpld¥ 2= [6]. SPHINX
e 5 4

A HejdAlel SRR (intermdiate-le-
vel processing)olde %353 (symbolic) Hiolet
W opfet eAA dleletE FAlol A A "Heh A
XA Mel2+& Grouping, 2 #HEN(3H, A,
o', F%(projection)) Tl Slrl ol2¥t A4k
g RE dHolglel] &8 M =z, 2Rt BA
Helg 27 "ot webd o] DAlCE medium-
grain 3-& coarse grain¥eje] w@Ade] WizisiAl
it ol2i’t WHEAE o83lr] SsliM, FdAIA e
4 oldAs T4, AY(global) dlolele] FAl&
2| Aol she, At FA-]] Alojrt 7hg so} jict
SIMD2}  MIMD(Multiple Instruction-stream
Multiple Data-stream)3ele] F ol7ldx7} &
3 e 201 919 L7E U A 4 gl

1A BFIBAZIH
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$33% BR S 18 39
ol=igt Fefe] Alamle PASM®' TUA'!, VisTA
Liolor zre M| Azt Al~==(integrated vision
system) 9] F7kctA A 7oAl Bk} & = Qict

A Aeigs  agEAe](high-level proce-
ssing)e Alztdele) wpx)a QAlel sigsle kel A
2] ARE olgsld HEHQ FA(decision), B
(search), ©i#(matching), ~&(inference), #%
(verification) 5-& 3t =} o]’ A2] 94 F
e} v 2 23 diojele}l $2A]F dlo]
ele] A2y} T2 HA, FiAR B} Bat
sl BpRAel B4 SR Aldle] 87 et 9=}
A} MIMD#®H] coarse-grain WAL ol&3=A
o] A3tsle] oldllulz}l PASM,IUA,VisTAS} 22 A
7} A2 e a4FHEE ¢sid MIMD ¥eqe]
olFlAA & stz olet.

3 Slolid Adug 39AIY AlZAE] sHAle A4
Azt B2 (vision task)F F&8s=H M= Al
@A (temporal parallelism)& ©]8& % Qlch.
dukFel Azl A e 8 of 9l
JHo R A gsloof = oEAE Zrujie) o]
2 oAl glo] &3 e o} e BES
2 herl ol2id Aol o] 83 5 gl WEst W
Hogx ulelxalel(pipeline) el Az wpHe
E T 9o olu Fel=glqlate]l 7} whAEL A
Azt ej=2E 283 FelAA(subtask) B2 AR
th ol2lgt e} fAPH™E (pseudoparallel) Fol=
2laly olF|dHe sy [11]64 Aol H £
slom, kel o1g® A Azt Aag e
Zh A4k AT selxelal Heje) AelE 2|Y
3t gict

2 =Eoa Adwslaz) sk so)zeily ey
1] "RVB60-PIPE & ¢ld A" 324l 34
e AR o)FolF A A7 ez F3YE &
X2 g Alxsor} geld AmE CLIP. MPP,
SPHINX®} 22 Alxgle AeF AzkAz]E 9% A
£ Aaglew FTH|, aeFst e A7 AR
AaiMe AgsA wrk dbdel PASM, IUA,
VisTA, fAPd3E olrldxe} 2ke AN Azt ejrz
o 3 AP AAFY] A9 A A ARt
olFldHE A-83H(dedication)st o] 57l A%
(interconnection)& 7&3k= el Az ¢c}
v o) AagE AAl PR3] Y& 4
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RV860-PIPEE: )¢} e FAlAdY Al4Aal €3H
23 AN vA HAad FulaaiiE 3 T4
AMell wigala, ZRAMZE A4 FATE B3 A
A dlojele] sjo)z gele FAske WHE AMRE
o}, wabi RV860-PIPEE MIMDHES] ol7ledE
A =e, 39 Z2AME 4] oE Y=t §
A og e 4 glct. I HIETEAY YHoT
k9] A Alse] s e el 29 =5
AE 7FEeA Fosa) 7 Hulel A8ste) Akt
HA2lEEg JPd 5 glen, AA A B84 &
A2 FHA= fEsic)

B =P AFE AdHeE: SHoz spds
sjo]zeleldy HeE)zlFE]al RVS60-PIPES] sh=4e]
g azede] Tz daix] dsla, oo 45t
24 97A AlZA2] $-&(application)ol gt A4
3 ol9] Aol wisix ARl [Aede RV
860-PIPES] 9] =z AAel oddwge] 4, 4=
#AFelelel A A (interface) 3ol Wd AA =
el Fxeh, B9 Z2A49 FEE Y9 node-
kernel?] F2% A AAd2] Az o] LFof o
S Adwdih I« 783 RV860-PIPEAM]
A Az Zaade WEskl) A’ /S el
W AR aa] gt el VAN e
T Azl AsHrtE AR AdAE] S8l o

AR B A $4¢ A% daa A9 golzelel He ) FE RVS60-PIPE™S 7

g AYARE dgsha, AR IVACIM AR
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II. RV860-PIPES #¥

1.8

sledolz ¥ dolzelaly WElAFEE RV
860-PIPERZ =3k, HERAFEIE T3] 1%
2] Z2AA = RV860elzl wXgi]

RVBGO-PIPEAI~®S] A AL a3 13 3}
A2e49] A8 PC(Personal Computer)e]=] <3
49 JEye sk 94 A571(frame gra-
bber)$} RV8602.2 A€ HelFHFE (4= AAF
d) 2 A=
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FHm

23 1. o]zalqly HelzlFe] RV860-PIPES
A A

System block diagram of pipelined
multicomputer RV860-PIPE.

Fig. 1.

RV8607]2]¢] At3 AR opys} B4 adel s
o|Rojx|, TreE A olFdAE #H(Dou-
bly Linked Topological Ring)& 343} ZAE
s}9] interfacet HOST FIFO ZE& E30=3
IAE AAE B A shie] Z2AN xe= Rl
=2 sigict ZH9 2dple dEHEE 94 deld
& %= 28<Q Rv860FH F2 ¥he + UES 27
e 7R3 9ot 8 RVE60S ZR2AAE Inteld]
i860-XR(80 MFLOPS)& AHg3lslen, 8 MByte
9] vizelel o x=oe] 43dAE A3 249
FIFO¥A! channel® 7HA3 Qlct. webx g3 ¥
W] wjo]xeleld YAIFLy] 4t dlejele] ARE L
g 2w ERE 3 Ao WA =90 Image-
channel (read)®} RV860A1019] o8 FIFOAY,
opRjgto g 8 A9 wix|g mee} Q] adAle]
9] Image-channel(write)S 3| o]Fo] X, &
olel Arde] o¥EL 10 MByte/secE: 313k
et

3 7 g ecdle Aade] RelY FAE ¢
3 kernelo] T3] glon, o]F o] &3l 7} e~
A7k B714/Mm1571H WA A (synchronous/
asynchronous message passing)®] 7F53lc}h. =3¢
kernel9l4}= STORE-AND-FORWARD HM]ej 2]
8 =2k wiAR] 298 (routing)s B3l ¢l
o AA du)Ee AT Akl sl Fs)
(load)E& #%(balancing)sH sh= wakeg 7}
Zo wigEo] Srafict.

2. s=gole] 72

RV860-PIPES A3k st=dlole A AA o
235 FYshs Z2AMQA 99 x= FREES &
2EF ring 9ARA e =AY dAs] 9
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3t Host-FIFO Module, °3/42] {339 ¢ »x=
ofo] Ao M4-g drfshs GANS7] 28w 3~
E FFEE o] B 5 Qg 9y R AFEES
ringdefe] AZAGE zYPsh= RVB60AHS] opbydk
FIFO channelell 23 4=} host ZHFEie] 59
AFEelZ(back-end computer) 2 24344 =} o}
< #AEXE RVS60-PIPEE 743l ¢% sk=
Hietoll daiaf Adedgic)

RVB60-PIPE Al~glo] dubdql ulHA|Agle
X2 3 glonZ ] Xkt HFE X $3H
A7t Bl g AT g Y5 Asy AR B
£ Z7Ee BaRt d4u2lEs 3R} ol w9
X AFE7E g8 daelE el #3442 &
e UH-E sk 8 9vidit} =3 RVE860el
A2} Fejame] FPAZE A "z dolzeta
o] Al EHlE AXsnzA AA SN 2
e vIAA et webd 99 = JAFEE Y
Aubd3) 3 wA e AelsdE 87 s 2o

2 dvedde 99 248 14717 slshA 64-
bite] A% vwlolzz mRAAQl INTELY 1860~
XRE& AHEsle] ©9] k= HAFEE At
o2& i860-XR Z2Axe] A2 o}

2 e

i) Instruction throughput :80 MFLOP(Mil-
lion Floating-Point Operation per Second)
in single -precision at 40 Mhz

ii) Cache : 8 Kbyte data cache(640Mbyte/sec
bandwidth at 40 Mhz) 4Kbyte instruction
cache(320 Mbyte/sec bandwidth at 40
Mhz)

iii) 160 Mbyte/sec external bus bandwidth

at 40 Mhz

iv) 32-bit(4 Gbyte) address space with on-

chip paging unit

v) Parallel integer and floating-point opera-
tion(dual-instruction) support

vi) 3D graphic instruction support.

a3 29 39 3 A7 ) k= AFEE A
I = DRAMFS} [/039] FAxo|t}.

oA @8l = FFES) DRAMYE =223 o)
oekE 913 8 MBytes) DRAMS} o] 7-E3)7] 9|
% DRAM controller® 4=} e}

IR BFIEEHXHE £ 33% BE B 1 8
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4]

OB Main Memaory N
A o
0o-e8 } Data
Latch
oA .| swm
Proosesor 1“sMM
oo
isd 6 {
t DRAM
Controller
J

12| 2. Processor-DRAMY-S) AT
Fig. 2. Block diagram of the Processor-

DRAM part.
L =
sw_Rewst
““accex__| Resev ResEr
i S
Data
Latch

18] 3. Processor-1/0%9 A%
Fig. 3. Block diagram of the Processor-I/0
part.

DRAM controller& i860 Z 24149 external
busel @3} pipelined cyleg =¥ & + QU=EF
EPLD(Erasable Programmable Logic Device)&
AdAl=le] DRAMel| i3 pipelined Load/Store?]
instruction®] 7% 40 Mhzel4 50nsl| 3 A|7H&
et 3 9] ke HAFEY /o= Alxgle
¥ (booting)d EUEIZE 213} EPROM(Erasa-
ble Programmable Read-Only Memory), inter-
rupt controller, B x=slo] AL 9% FIFO
controller, 44 #57]9}9] interface® 9%t con-
troller2 A it o]F [/OE #13 address/
data bus®i 16 bitF9 X-BUSE Hx® F3 9]
o} 2E [/O control& i860 X=2AlA¢] wme] o
& o]8% Memory-mapped 1/O¥4}& s, 2+
controller® #3F state machineE5e EPLDE ©]
B3] =it

=
=



42

2) Ring Interconnection

RV860-PIPEE Al A7 el2=z9 a3z £59
golxzelel M2l HRE ¥ Aasle|nd slolxe}
oo 875 Az dolel FAE UYs] ¥
4 gl AR} dFdPge] 7™t olF A
RV860-PIPEsIME ¥ A7} *‘]"‘—]_ e~z A
o] dlolelE gl o who} Al HYsle Z2A
Ae ARF oo sl Y REAal o
A 725 87 Yohe 7HElel ring¥Ele] 9292
A=z gk webd @9 == FAFEL RVE60=
olgshe rurlele] AARE ] A 2709
FIFO ¥4l aAdg AlFsleza AAe=Ate]d ring
AR YT 5 sk a¥ 4ol ol I
g A3 9% FIFO Ady-o] FAx=e|c}

WPFEV PEXTW
SEND SEND
FIFO FIFO
FFO STAT
- | prostays | oK
B
XD0-15
A} =4
PREV PD2NO-15)  NEXT g
FO2PO-15 15
RECV. ——/| Recv.
0. cunear [CHANNEL] CHANNEL

1% 4. FIFO channel%4 #A=
Fig. 4. Block diagram of FIFO channel part.

3] = FFEAele 23 404 B 7is ol
opare) w2 FAS IR 47 8Kbyted
FIFO%} ringiel o)A k=9 o} g k=2 HEjo] 4
AlS g 2709 AlAde] £kt FIFO= $4
o read/write?} 7FestEg Ade] 49 F k=
Aol asynchronous E4le] 7Fedict. 4413 441
< 93 diele} wae 39 3¢l dRE [/OF A%
X-BUSe| |4=4, F4le ¢ FEE2 19 39
FIFO controllersllA @3slw g}, 8 AL 9
g 2709 AL =7k interrupt, reset, FIFO
Clear& 913 21359 AH22AE A=)

3) 944 # 57| Interface

dake) j1EHE A 9 ASVIRE 32E AF
El9] [SA-BUSA £A18K= Data TranslationAt
] DT2871'"% & AM8slgich. DT28719] AL o
+7 7

A WA $42 ¢ oz Hd gojzehd We e RV860-PIPE'S) 7

(42)

FRMK 5

i) Four 256 Kbyte(512 x 512 x 8-bits) frame
buffer for RGB/HSI color image

ii) 30 frames/sec rate for capturing and
displaying

iili) RGB to HSI, HSI to RGB conversion at
10 Mhz support

iv) External 1/0 data ports at 10 Mhz
support

RV860-PIPEdIAE 94 i&d7|7} 32Eq &
Aoz o 94 dEHY WIIANS AP
$18) DT2871elM AlFshs G4 dEHe A% 1/0
data port®} == #HFE{ql RV860H] interfaces
sldslgde), ol A% AL 19 59 Zed DT
28713} RV8604}olel ZbH} handshake protocol
o o)) g4}t slojele] $pAle] o)Fo] Ak, olzdh
gk Arde] dlole} viAx FIFO $A% $13F /0%
b7 kR| & RVB60Y X-BUSH| €7Z=9, 10 Mbyte
/secs] A%EE 7R}

X-8uUs

)

)

]

)

)

AD, _l '

RGAMS! S1265128-bk !
G % 1 |MandShake{OT.STATUS

Frame Bulter 2| 8 1| ool

S512051200-bit !

14

Frame Bulter 3 H

S12x5128-bit [

1]
==
L

38| 5. Image channel¥9 TAE
Fig. 5. Block diagram of Image channel
part.

4) Host Interface
RV860~PIPE+ host2}®] interface® $1¥F Hx9)

Host FIFO 2EE 7K Q). o9 F42 11 4
9] x= FFeAole $AE #% FIFO Adx 5o
T AAE fR8kE, 325 w29)e] interface logic
< 37} goax T web IT2E Wil
ZA)sh FIFO Ade 3 M1 o137} ohge)
=9} dFgosy ZAEF ringd o] ko
F nelA TES e AHE AYA et ol2x
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hardware™ software7%9| 71#Ads 34 F2E7}
vigean Al x=ARE] interface &2
M3l 8 glong #adE AJA st

%8 RV860-PIPES) 3~E FHFE = RV
£33 7 passive backplanedl &A% + sle
486DX50= 2414 CPU B9} dAake] Ay =g
3 ke ¥ dlegaa 2UEE FAHE a8
HF%E]2] 2o AAZE DOS7T ol4=%dct.

Application Program for image processing and

b computervision |

Application-common Library
RV860 Node Kernel

Monitor
Program
Hw

Diagnostic
Program

Polling/interrupt Downloading

Hw
Program Download
Driver

Polling Driver,
Interrupt Handler

Frame Grabber
Driver

Host

File Service Call
Application-Specific Host Program

18 6. RV860-PIPE AlxHle] AxEd] AF

TE )
Fig. 6. Software hierarchy of RV860-PIPE
system.
}\neguo-] _,| _?-7:

RV860“PIPE4 +4-2 9% 2T EYHAY FHS
A7 RV860S #13t A 3AE FHFEHE A% L2
2 Ul B 4 gtk RVB60E Heixe A ha-
rdware A%hE 913 program3 EPROM/dell Ex)
spaA] Ajadle] 283} kernel® download® de-
buggingg B2k 9J+¥ monitor programe] it
=3 xoAFE) 2R, 49 5AE A
Xt kernel#t XEdM +3E Az E A% F
£9] library7} FEA%ct. olEE o837 AA AFA
Al Z2aYPEL FAedA sEs downloadE F4
FYHA frh T2EE A7 AT E JojFE RV
8603}9] interface® $1% polling, interrupt dri-
vers} AtEl AZ4AAL 22 7#-E monitorehe] EAl
& %3] 7+ x=9 broadcastdl”] $13 download
driver, ®3F DT2871& 75371 $i% device dri-

1A BEFIRAWLE £ 3% BR £ 1R

(43)

43

ver® FAE] oz AA $Eol gt B e
o] YA Hojqth ol AT ESoi] AF
F&x= 29 6ol vehd sl

grE RV860-& ¢l8l 785 »= kerneld th&t
AL 7155 A3t

o2

i) System initialization and reset
ii) Trap/interrupt handler

iii) Memory management(4 Gbyte virtual
addressing support)

iv) Synchronous, asynchronous communica-

tion primitive
v) I/O(host, DT2871) driver and system call
vi) File service system call

. RV860 node kernellA STORE-AND
-FORWARD routing W4

. STORE-AND-FORWARD routing sc-
heme in RV860 node kernel.

53] x=7te] 542 kernelol 9]k STORE-
AND-FORWRD #eR9] routing& E38 olfe] A
1o, ¥ user programelA A routingS
a3 programs FoEH o]fo] AT glr}. 7|
2Hog ol2qt F APl FAlR polling®t
interrupt 5 WAE 25 A3 4 90en, polling
o] A$E Yz vdolgl =|wEE EPLDeIA
hardwared 22 Je]E polling§ho2s o]Fe] 2
o}, §48 kerneld] 9% routing$ & A-$ole 971
e} EA8 AHS8EA interrupt handlersiA 43
interrupt’} ¥4 L A $415% routings B9
AL glch. I¥ 7S o1& routingdhHS Adwelx
slet. Routing ¢xel&& Z4dsA ringAtollx] 41
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4 98] AHek 3= node®] hopsb AL Higog
2eelgto 2 pYEc)

ol ru o] T4 2ol wWYs)
E AA A7 dlamE 7 oo sgshs ez
2 o] At x| dolel A4y FE
AshAE kernelofr] ATH= B4 primitiveE A}
43le] Moz ojfe] 2l wEly RV860-PIPE
Alzdlo] AA Azt ez efiasie] sjeo)zel
Qe E¥ ApEEl BE A iz ofgA 4 x
Zof wigstrtol i} A efjazo] Seafel) g
A g} ool ohE W] mely Aol dsid=
2ol 4] Ay gict,

L

II. RV860-PIPEMOM AlZ4EZE st
HEx2 1Y

4ol RVB6O-PIPEAIM A17-3-4-2 413
ZeadE HEs s bt 7k =ddl o
olxzejel s} Yt dlelel £ 7y el sy
A AdRsta AeEAE

1. dloje} #-3 wYs) 7y

dlejet E7PHE Aejslual she A4 deleE
7+ m2Ael FE5) FuidEel zzte] ELeAxzl
TAUT HE T F FEA An dejelE A 2%
(merge)3h= 3ele] SPMD(Single Program over
Multiple Data steam) 3]l Wdal=] whyolc}
e FUAG dwe|Fel g dels A2l gps}
A5ze] Azl AYstn, duelze 4
Bjo] folsiri: A4S 2t} =3 2o &
7t e vlel (linear) A%34e 71d & 3= 3l
Z|5k, olo] whE FAlel o3t ¥=HOverhead) g 38
g LaelSe] yAsy) saksolof g}

RV860-PIPES|4] dlole} B 7|8 A8l A)
Ztae] Baag st ZzqM7te) Baz st
olZaell VF=E= 1 83 2t 7 maARe) &
T HxIe gl dolele] BulE 4% EAH
o dlejele] Mg z2lm Mi® A oijt ¥
A8l £A 2 glo|Zelqle YAstw glck. old EAlY)
ole}efzt A vlojetkd 2} ML EAd A2
U 218 ¥ 5 =S A4y eyl 9.3
ot a%A sked TeAXZ HelE Bz BAe
ZId2lE A7) Bulel] ) Z2Axe] Hgo] Ho

L

=N

=

Ae vl $4F AT Wz g do|xatal del A Fe "RVB60-PIPE™Y T8

- Fig. 8.

Fipm it

a2l 8. "iole} & W3l 7y & Myl
ol zglel BFE(PROCE processing,
COMM=®- communication®,(S)E se-

nd, (R) receive® 2]v| ¥

Typical pipeline activity diagram for
data partitioning parallelization mo-
del.(PROC means processing, CO-
MM means communication, (S) me-
ans send, (R) means receive each
other)

8 pE AA A7 dlazmr) Azl sjopyt deojelet
2 Fu dlelel 22 JEE o]4F WHSE 99
D=dyd,..,d, T} 7] 79 B¥E @ AL A%
e Aok phe ZRAME AR, o= S eln
Aslu, T, Z2AA ;o FAAL T, d
aejEe] AN g A)7leje} ap,

T3 =T proc_it T comm_i (1)

Ty wax =MAX(T,, Tp....., T,) (2)

oT) mex Hadl,

T ifa<l 3

T:mal:[

b . max

s} o] oA WA T, & 209 shie )

ofgt HeE i EzaMdH Helse Agelw,
T o & iZEASIA Shbe] dolet BS54

Alshed] Aele §F AT it

2. Slolzelql WA} 7]y

slolxelql 7L 24 AN 7] e =g
AL PP o]5L) AT 54 AN Lueze
FYPA7lE sdelc} aslng Bagl dmelzos
A Qe Azt duelEed, dwEjZe) yole}
YEZIL ¥ FA} u4F AdAE duma
o A%E o] JHE AN A%e P A7 4
e}, 22y Az A2 ok glazs) doe}
7} i oy, TR BFE]} B3l o3 m g
Aske z¥ & ¢ 9orE wrze) RalE Fos)
A B2 9% 71 1Pl gee g

1% 92 RVB60-PIPEdA He]sza}ql wds 7|
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e B3 ezl wo]xelel g Al HA A
7t Hjazmvt gEue] FEEolch TEAA v
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HolZelql FEE(PROCE processing,
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Fig. 9. Typical pipeline activity diagram for
pipeline parallelization model.(PR-
OC means processing, COMM means
communication)
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H7t(Application to Computer
Vision and Performance Evalua-
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1. 38 Canny 9* Z3&(Parallel Canny Edge
Detection)

Edge detectorZ Bl3d E3{t Canny edge
detector """z Jlslsivl. Canny®) tweles
£ xo|=E AR gaussian mask ope-
rations} vl¥ A¥-& 73] 41§t gradient mask
operation®} 22 A5 HulE xsin glomw
WU AL g A vlele ey
S ARk E 12 256 x 256 x 8-bit 1234l
Ha FATEeR Z2AMY ol vlddhs FEe
=3 (speedup) S AT 29 109 (a)& A4

RV860-PIPE A& =35} o)}
B 1. Canny edge detection® $8A7E
] Rl

Table 1. The comparison of Run times for

the Canny edge detection.
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2. AAZr o}F EA 3*H(Real Time Moving
Object Tracking)
el EHE 23] 9% duelFes d4
ke Azl mE mzeke sty aRe Sz
WA 2’ Ajzalele)d (segmentation)-S E3)
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Table 2. The comparison of performance
for the moving object tracking
algorithm.

SUN 4=

—

throughput { frame/sec ]

0.5

3. AAZ dF U4 (Real Time Face Reco-

gnition)
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Table 3. The comparison of run time for
face recognition.

L= oy
L SUN 4 = 4=
normal-manner | pipeline-manner
EPA} 23.25 sec 3.5 sec 1.5 frame/sec

(a).

(b)

2] 10. (a) RV860-PIPEAIA] parallel can-
ny edge detection +3 A3} GAH
(b) RV 860-PIPEAt|A] Real-Time
Face Recognition 3173} oA

{a) Result image of parallel canny
edge detection on RV860-PIPE, (b)
Result image of Real-Time Face
Recognition on RV860-PIPE.

Fig. 10.
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