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Abstract - We will describe a realtime vision system based on FPGA’s. First, we will show the developed

FPGA-based vision system. Secondly, we will implement three vision algorithms; computation of the
image gravity center, computation of a projection along half lines, and Hough transform. We will then

demonstrate the realtime detection of the position and the orientation of a planar motion object using the

FPGA-based realtime vision system.
keywords: vision, realtime, FPGA, planar motion detection, Hough transform

) m )
DDDDDMD DDDDDDDDD%DD oo
5 O0OOOggo Oogoooogogoo0 Od
5 £ O0oo00Og&O OogooOoog0O~OoOoood
S £ DooO0OQpo-g Oogoooogpofoogob
8 - DooUOgoo Oogoooogofooogob
I . S DooOgoo ODogoooogofooood
] S £ oooBgoo DDDDDDDDDDDDDD%
5 — Doob0gog <opoooogofoooog
£ ¢ oooUgoo muMDDDDDDDDMDDDDF
0 &£ OpoHgoo O EogoooogdjooodX
%4 0Do0Zgpoo 0loogoooopbdgooobg
¢ O0obO-pOOd Ol oo0goooodpfgoood
& 0Oo0Ogpoo 0O oogoooopdoooodg
= O00ggooo Ol oopoooogdgoood g
°© &oUgppooo U oopoooogbgooot g
g mDDADDDDmu OpopoooooBgooodg
e /DDGDDDDmuDDDDDDDDDDDDDAD
3 ¢ EoBfgooo Ojoooooooofgooof g
8 [ LDDMDDDDmuDDDDDDDDADDDDFD
i ~ DoBPBgoooo < ooo0000ooYo0oogo
3 < DoYgoooo U o0ooo000dcmgO0Oo0—Q0O
gz iy o0 DDADDDDDW 000000000 gOo0g &0
~ oofooooo OOoOooooOoOoo0oooOO&ED
O0ROD000 & O000000000000 O

MMM DDDDDDDDDDDDDDWMDDDDDD Oooooooooo Ooood
cgo 000000O0O00000004 4000000 O00R000000000000
£go0 0000000000 0000 - HO000000 000-0<0000000000
Oop DO0O00O0O0oooOdooO0O0obDgoooo0®l O<0goYPoooooodoodo
<50 DDDDDDDDDDD4DDDDDDDDMD CDYooofooo0goooond
§o0 0Dooofoooboos0o0goooog0d OgR0o00gpoo0odododod
EgD Dooofoooboo 0o0gnoodoogl Opdo0gooo<o<0ooo
fgo DoooBoooPoogboBgoooogd Og<odgooofofooog
fo0 DooofooofoopPo0gpooodgd OgYo0goodEoEO0000
oo DDDDMDDDMDDDDDDDDDDDDDDDDFDDDDDDDDDDDDD
oo oooofooofoof0odgoooogdodgoodgdooo0o0oon
©-o ooooPoooloogfloRgo0o0gf0odgoo0 0000000000
280 ooooRPoooBoog®o-goooogdoogooosooddonooogon
500 pgooodoooBooThoogoooogodo0gooo&00dgoooonn
<90 oooogooofozfooogoooogooopooo~ooooooooon
od DDLDDDDDDDDDDDDDDDDDDDDDDDDDDDD

PDDDDDDDDDDD
FDDDDDCDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
o 0o0o®on000 008 g00gpn0o0n000g0000000goo0ood
of0ooo<opooofoolgooggop0gi00noo000o0oo00oo0on
o 000000 n000< 002000 L o072 00000000000 000000000
o0 0ooo00o0000000oVLdgo0<00000000000000000000
O0So0ooO0oo00O0Oo000DOndopeD00o0o0odoodoooooodoogn
Dop 0000000000000 0S0f70000000000000000000000

O ODO00DO0DODODOODODODODODODO<<OOOOOO OO0O000000O00 o000

1. 0000



000000000000 0ooO0O0O0OO0UdOdSRAM
O0O00opCOUODOOOOOUODOOUOOOOFPGA
OO000ooOOooooooOooOooooob eMeynD O
OOFPGAOOOOOOOOOOO Vertex 2000-E O

O00O0O000oooO0FPGAOOOO200000000
ubooobogbobobooobobboboaboao
ubbogboaooobgoooooobooooogo
0O MU200-VDECOMU200-VENCODOOOOODOOO
O0OO000DO0000D00O0OO0 Brooktreed O Bt812 [0
Btgs6 00O O OOOOSRAMO OO MU200-SRAM
OoOiMBOOOOOOOOOONTSCOOOOODO
ccbooooopoooooopUooopooooooo
goon ooooOorFpGAOOOOOOOO
gbooaobooabooaoo
gbooooooooon
gbooboobooboaoboad
MU200-EX4000000

oooo O
C/C++000000000
0000000000000
0000000000000

O
oood
oo

¥Yoooo
o0Boooo
O

ooBPoooo
ooofPoooooobd

O
O
0000C/C++

oooAQADOoOOd
Doo_0OO0O0
oooYXoooog
Oo0otoooood
ocoolYooooo
oooPooooo
oOoHYooooo
oOolooooo
oOoUooooo
ool aooooo
oPobRoooo

olgo

O
Ooooooc/C++000000000 HDLOO
000000000 SystemCompiler 0 00 OO OSys-
temCompiler 00 O0O0O0O00O0OO CycleC OOO
O0CycleCOOC/C++000000000O0CycleC

goooooooooopcOOOODODDOOOODO
uboagboooboooboaobooboaoboaboo
uboagboooboooboaobooboaoboaboo
oOoooooOoOo pCcOOOOOOOODOOODO
OO000o0oO0ooO0poooOoDoOoDoOooOoDOSys
temCompiler 000000000 COOOOOOOOO
OO00O00O00O0O0OD0OOObOOoOOCGycleCOOO
OO0O00O0O0OODOOOO0O0O0d VerilogHDLOOODO
vHDLOOOOOOoOoOooooooooooooo
O00000o0ooooorpGAOOOCOODOOOOO
ooooc/Cc++00000000000000000
O000000o00oooooooooO FPGADO
OO0O000O0O0DOODOTable 100 CycleCOOODO
0000o000oO0oU0oOoooooooooc/C++400
gbbooboooboobbooboobooboaoboa
3. 000000ooogdg FPGAODO

0000000000000 DOOOOOOOFPGA
ubooobogbooboobooboobobogbao
00000000 ®oooooooooooooooo

0000000 0O0O0OoooOoOoOoOoo FPGADOO
gboooboooobogoboooboobaooobao
O00O0U0oOooowoouoo HOOOO (x,y) 00
00000000 yg(x,y) OOOODOOOOOOOOO

HEE I
Cy y/W

Table 1: Description of selector in SystemCompiler

class Selecter {
public:
uintl reg;
Selecter ( void ){ reg = 0;}
void run ( uintl, uinti,
uint1l, uintl, uintl, uinti& );

};

void Selecter::run(uintl clk, uintl rst,

uintl a, uintl b, uintl s, uintl&y)

uintl temp = s ? a : b;
if ( infer_clock(clk) ||
infer_reset(!rst) ) {
if ('rst) { reg = 0; }
else { reg = temp; 7
y = reg;
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Fig.2: Circuit to compute gravity center

(a) template image (b) input image

Fig.3: Image with translation and rotation

Table 2: Voting in computation of projection
initialize array R(6)
for (z,y) = (0,0),(0,1),---, (W —-1,H —1) do
Arx=2—cz, Ay=y—c¢y
compute 6 = arctan(Ay/Ax)
increase R(#) by pixel value g(z,y)

end

good

=
=
<
S—
I

/OO g(cg +€cosb,cy +Esinf)dé.  (3)
0

gtemplateDDDDDD glnputDDDDD
000000Fig. 3000000 «O0ODOO
O0000000000000 Riemplate
Rinpwe 000000000 Riemplate O Rippue OO
gobooooood

u
u
u

Rtemplate(a) = Rinput(a + OZ), V. (4)

ggoboboboodaboboooooboboooboboa

27
S(T) = / |Rtemplate(0) - Rinput (0 + 7')| de. (5)
0

Oooo
ODoooogoOo0
ooooo=-ooo
oooooYooo
oooooYooo
oo
OO
OO
OO
OO
OO

Oooooog

o OO
|
OoO0Ond
oooX
DDDII
DDDQ
DDDD
DDDD
DDDD
DDDD
OoDO0o
oodo
ooOo

O
O
O
O
O

ooooo
Ooooo
Ooooo
Ooooo
Ooooo
Ooooo
Ooooog
Ooooog
Doooo
ODoooo
UOoooog
UOoooog
UOoooo
UOoooo
Uooooo
Uooooo
Uooooo
Uooooo
Uooooo
O

PROJECTION
COMPLETE

DX
DY

THETA

R_THETA
projection buffer

Fig.4: Circuit to compute projection
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Fig.5: Circuit to compute function atan
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Table 3: Voting in computation of Hough transform
initialize array H(p,6)
for (z,y) = (0,0),(0,1),---,(W—-1,H—1) do
fork=0,1,---,K—1do
compute 0 = kA0
compute p = (—sinf)x + (cos )y
increase H(p,0) by pixel value g(x,y)

end
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Fig.8: Circuit to compute Hough transform
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(i) () (k) M

Fig.13: Detection of position and orientation

Fig.17: Realtime computation of Hough transform



(a) input

(b) software (c) simulation

Fig.14: Hough transfroms by software and by simu-

lation of logic circuit

Fig.15: Image and its Hough transform

Fig.16: Implementation of logic circuit to compute
Hough transform
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