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SUMMARY

In this project, we will develop realtime vision chips to detect the
position and the orientation of planar motion objects for their dynamic
handling. Current vision systems are categorized into two; software-
based approach and ASIC-based approach. Vision algorithms are imple-
mented on programs, which are performed on a general-purpose MPU,
in a software-based approach. This approach can perform various algo-
rithms and can construct a system in a low cost. On the other hand, it
often requires much computation time and fails in realtime processing.
Logic circuits specialized to individual vision algorithms are designed
and are implemented on LSI’s in an ASIC-based approach. Fast com-
putation can be performed in the ASIC-based approach but it requires
huge time and cost to design and to implement logic circuits on ASIC’s.
Consequently, software-based approach has good flexibility but lacks re-
altimeness while ASIC-based approach has good realtimeness but lacks
flexibility. To overcome this dilemma, we will develop a vision system
based on FPGA’s. FPGA’s are special VLSI’s where users can config-
ure logic circuits. We can design a logic circuit specialized to a vision
algorithm and can implement the designed logic circuit on an FPGA.
This implies that realtimeness of a vision algorithm can be realized by
implementing the algorithm in a logic circuit and flexibility of a vision
system can be realized by redesigning and reconfiguring the logic circuit
on an FPGA.

In this project, we will implement two vision algorithms on FPGA’s;
one-sided Radon transform method and Fourier-Radon transform method.
The developed FPGA-based vision system can detect the position and
the orientation of a planar motion object in the video-frame rate. More-
over, we will realize the object handling using the vision system. The
results of this project are summarized as follows:

e We have developed a prototype of the FPGA-based realtime vi-
sion, which consists of Xilinx Vertex 2000-E, video decoder, video
encoder, SRAM, and PC interface.

e We have introduced SystemCompiler that provides a design of logic
circuits using C/C++ language instead of hardware description
languages. We have implemented the one-sided Radon transform
method on an FPGA using the SystemCompiler and have found



that the detection of the position and the orientation of a planar
motion object can be performed in the video-frame rate.

e Fourier-Radon transform method has been developed to reduce the
computation in the matched filter approach. We have implemented
this method on a PC to find that it can detect the position and
the orientation of a planar motion object.

e We have developed an FPGA-based realtime vision system con-
sisting of FPGA (Xilinx Vertex-E), SRAM, and PC interface.

e We have introduced DK1 that provides a design of logic circuits
using C/C++ language. We have implemented the matched filter
on an FPGA using the DK1. We have shown that the position
and the orientation of a planar motion object can be detected in
the video-frame rate.

e Velocity-following method has been proposed to update the mo-
tion of a handling device according to the visual information of a
handling object.

e We have prototyped a handling system consisting of a scalar arm,
a 7-DOF manipulator, and the realtime vision system to perform
the sorting of randomly-located, moving objects successfully.

The results of this project can be applied to fast object handling and
object inspection.



10

oo
1.1
1.2
1.3
1.4

1.5

1.6

gz20

oo
2.1
2.2

2.3

FPGAOOO
gobobooboobo

FPGAOOOOOOOOODOOOO

gooooooono ... o e
FPGAOOOOODODOOOOOO ... oo
goboboobboooobooooognD oo oL
141 OO0O0O0OOCOO0OOODODO & 0 oo
142 00000 OODOODO & ... 0 oo
143 DOO0OO0OODOOO0O ... oo
00000000000 FPGAODOO ..o oo oo oo
1.5.1 DOO0O0OO0O00000 ... oo
152 000000000 ... ... oo,
1.5.3 DO0O00 ... o o e
OO00 ..o

FPGAOOODO
oobooooon

FPGAOOOOODDOOOOO

goboooooooooooooono oo
221 0000000 .« .o o o
222 000D0DDO0OODOO ... oo ..
223 0O0OO0OOOOOOOOOOOOOOOODOOOOOOO .
224 0000000O0O0OOCOOOOOODOOOOOOOOOO

OO0 .. e
goooooognD ... oo

VU

11
16
16
21
24
31
31
32
92
39
56
99

60

60
61
62
65
65
65
66

68
71



231 00000000 @ .. oo 71

232 000000 ... oo oo 71
233 00000000 .« ... oo 73
234 RadonOOODDDOOODDOO ... ... ... . ... 74
24 FPGAOOODO ... o e e 7
241 00000000 @ ..o 78
242 000000 ... o e 79
243 0000000 FPGAOOOO @ ... 83
25 000000 ... e 90
251 000000 ... oo 90
252 0OD0OO0OO0OO0OOOODOOOOODOO oo, 91
26 00000000 ... i e e 98
26.1 0000000 ... o oo, 98
262 0OD0O0ODOOOOOOOOOOOOOOO ..., 98
27 0000 ..o 102
A 103
N 107
030 OoOoOoOoOooODbOoOooDbo 108
3 ooogooboogooog 108
3.1 0000 .o 108
32 ODO00O0OO00o0OoOoooooooogan oo 108
33 0000O0DOOoOooooooooon ..o, 110
34 0000 ... 111
I 115

ii



O

1.1 00000000000 0000 «© .00 oo oo oL
12 00000000000 D0000 «© .00 oo oo
1.3 0000000o000oooboooo ...
14 00O000DO0D0OODODO ... 0 oo
1.5 00000000000 ... oo
1.6 FPGAODOOOODOODOOOO .. ..o i oot

1.7 FPGAOOO .. ..

1.8 00 FPGAOOOOOOOOOO ... oo

19 0oooo ... ..

110 0000000000 DODO0OOo00O0 .o oL
1.11 0000000000 000g0 ..o oo

1.12 ooooooo ...

1.13 000000000000000 .« .. ..o oo oo
114 00000 000o0ooooooooonD oo ool
1.15 00000000oogoooocoooooooo oL
116 OOO0O0oOO0oOoooooooooooooooooong ... ..
117 000 000D0DO0O0000O00O0000000 .+~ .. .. ...
118000 gooooooooobooobooooooooooo ...
119 0000000000000 00 « ..o 0o oo
120 0000000000000+ ..« v oo oo
121 000000000O0O000000O000400 &+ .o .
122 00000 0000000000000+ ..o oo e

1.23 MU200-VDEC O O O

124 200000000000 .. .00 oo
125 000000000000 ... 0o o i oo

1.26 OOD0OOO atan . . .
127 00o0oDOOoO0OOooOOo0
1.28 MU200-VENCO OO
1.29 ooooooo ...

1.30 FPGAOOOODOOOOOOOOOoOoooooO ...

21 00OO0ODOOOODO

iii

O © N



2.2
2.3
24
2.5
2.6
2.7
2.8
2.9
2.10
2.11
2.12
2.13
2.14
2.15
2.16
2.17
2.18
2.19
2.20
221
2.22
2.23
2.24
2.25
2.26

3.1
3.2
3.3
3.4
3.5

200000000000000 .« ..., 72
00000000000000 ... ..o 73
] 73
000000000000000000 ... ... ... 74
0000000 .« ..t 75
00000000000 ... ..o 76
] 76
ADM-XRC OO ov oo e e e e e 79
ADM-XRCOO (PCIODOOODOOOO) ... .. .. ... 80
ADM-XRCOOOOOOOOO . oot 80
00000 .« oo ot 81
40000000000000 ..« et e e e, 82
o s 83
toplevel 00000000 « .. oo 84
00000 .« oo ot 86
0000000000 .« et et e et e 91
] s 92
0000 1000000000 ... ..o .. 92
0000 2000000000 ... ... 93
000000000000 (Ifsec]) - o v oo v vee oo .. 94
000000000000 (48[sec]) v v oo v oo .. 95
000020000000 (1sec]) « v v v v v v e e e 96
000020000000 (48[sec]) .« - oo oo e oo oo .. 97
000001 ..o 100
o 101
0000000000000000 & ... .. 108
00000000000000000 .+ ... .o e ..., 110
00000000000 ..« et e e 112
00000 (00 45°) .« . oot 113
00000 (00 150°) . .« o oo e 114

v



1.1
1.2
1.3
14
1.5

2.1
2.2
2.3

O

FPGAODODO . .. . e 13
I 22
N 28
MU200-VDECO OO . . ... o oo 33
MU200-VENCO OO .. ... o e 50
FPGAOOOOOOOOOOOOO .. ... .. 78
I 88
OO0000000 ..o 90



010 FPGAOOO
Juobootdbobogd



010 FPGADOODOOODOOODODOO 2

0d

1.00
ubbobogboooooooobobbobouobobobooooon
O0O000OO0DO00 FPGADODOOODOOOO

2.00

()OboooDoOoOoOooOOoOoDoOOoOooDOoDOoOoOoOo

O 000000000 PCOODOOOFPGAODODOODODODOOO
gboogboooboooobobbooooooooobobobon
gobobooooboboobboboooobooon

U oboooboobobobboooooooboobbooobon
gbobogoooooboobuooobuoboboooooobaad
pCOODODOOOO

(2) U0 000000000 FPGAOOOOO

O FPGAOOOODOOODOOOODOOOOOOODOOOO2000000
0000 FPGAO Xilinx 0 Vertex-EOOO O OO OOOOOOOOOO
OoooOosRAMOPCOODOOOOCOODOOODOODOOOOOOOCOO
Oo0obOoooobobOobobocCcoboobobooooobobooooo
gooooo
goboobbooobooooouobbobboooobooooboboobo
goOoooOoooOoOooOoooooDoOoooOoOosRAMOOODOODOO
gboobbooobuoboouoboboaaoo

0 0000000000000 0000 (33msec)000OO0O
3.000000

U ooobooooooboooooooo



010 FPGADOODOOODOOODODOO 3

1.1 Ooon

00000000000000000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000
00000000000000000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000
00000000000000000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000
001)00000002) 00003)00000000 [1)04) 0000
0000000 [2)0000000000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000
000000000000000000000000000 LSIOOO0
000000000000000000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000
oo0
00000000000000000000000000000000
00000000 O00000000 3000000000000 0CCD
000000000000000000000000000000000



010 FPGADOODOOODOOODODOO 4

gooobgoooobobbobobooooooooobbonooooon
gooboboobooboooboobooboboobobooobobonbg
vobobbooboooaobooobaguoubobobobuoboboabbd
ubodgoboooobbobuogobobboobobuooooobooobobd
goooooobboboobboooboooobobooooooobooogyd
gboooobobogoooooboouboooooboobooooon
gugbodboobooobbobobobobooobooobobbg
gugbobdooboobboobobboooobooobobooboga
ugbbogoogoogooaobod

gooobobooooooobbboooboobbobooboooog
O0O0O0D0FPGAOOOOOOODOOODODODOOOODOOOOFPGA
ggboobbobooobooboobbooboooboboobobobod
gboobbooououoboboboobuogboobobooaoood
gbooboboooobodoobuoobobooooooboboon o
00000000000 DOO000b00ODODOO0O0OO0OO FPGAODOO
googoobooobooooooo

1.2 JO00oooood

gbbobobuoobobbodboobobbbuoouooooboooa
gooboooooooooooboooooobbbOobbOoO Ob12x512
000000000000 3x30000000000000002x10°
oboobboooooooooooobobooboooooooon 30
frame/s (fps) 0000000000000 70 MFLOPSOOOOOOOO
ggbogbobubobodgobboboouoooboboobboooboo
gooobbooobobooooooooboboonoobboboooon
o00O0o0O0000o0obODOOo0o0ooOOoOoO LSIobooogoooboo
gbbooguboooouoobobuogboobooboobobod
guogbdbogbobooobuoobobabooobboboboobooad
goboooobooboobooobooobobobooboboboo
00 40000000000 p)b0b0b00o00oooboooooDOoD
goobboooboobooboooobog



010 FPGADOODOOODOOODODOO )

gobbooood Ooobbobobobbooobboboooooboobo
gobooboooooooobobboooooooobooooooobo
gbogbboobobbouoboaobbooboobboouoboboabo
gbgogooboboboboouooguboboobooboboboad
gbooobopobooobbooboboboboboobobboboon
000000000000000000000000000 (Correlation)
goboboboobobDbl1000bobOoOobobobobooboDoon
goboboboboobooobo 1000000 obob0ol MxN
Ooodooooood rRWOooOOoOOoOO00 Rop,Rop, -+, By—1,v—100
Oo0oooococwoooooo Cop,Copy---,Cu—in—1 0000000

ooooo Cerond
Erc

Cor NI (1.1)
goopooooboog
M—1N—1
Erc = Z Z R; ;C; j,
=1 j—=1
M—1N-1 M—1N—1

Err= Y, Y Ri;, Ecc=)Y Y Ci

i=0 j=1 i=0 j=1
gbooboouoaboboboobooboboboubooboooboo
gbobbdboobuoobbooobobooboobobbobuoboood
goooon
gboboooboobbboobooooooobooboooooboogoog
vobbdboooboboooobobooobbboboooabo
gobdgogobgoboobbouoooboougbobobuobooboon
O (Sum of Absolute Differences, SAD)0 00000000000 OOO
00 (Mean Abosule Difference, MAD) OO OO O OOSADDO 0000
000000000oDOoODoOo0o0c00ooOOoODbOoOogDoboO sADOD
gooooOoOoOoOoOoOoSADODOOOOOOOODOODOODOODODODO

00 SADO O
M—1N-1

SAD = Z Z |R;.; — Ci jl (1.2)

i=0 j=0
0000000000 oObO00bO0000O0bo0O sADOO0O0ODnOOadsAD
pgoodotbooooooouooooooooooooon



010 FPGADOODOOODOOODODOO 6

000000000 b0d000oooDooooOoovLSIooooonooag
SADO0OO0O0O0OO0O00DODO0OO0DOOoOooooooDOoOooo [e)o
000000000oOo0OoO0OOOO0OOO0ODODOOOOOOD Moo
0O0SADOO0OOODOOOO0DODDOOOODOOO00 VLSIDODOOoooOO
gobdodoodoodooodooooodoooooooooooooooao
8]0

00000000000 O000000000000000000000
000000000000000000000000000000000
000000000000 1.10000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000
0000000000000000 [9000000000000000
000000000000000000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000
000000000000000 VLSIOOO0O000000000
000000000000000(1.2)00000000000000
00000000000000 SADOOO0OSADOOOONOONOO0N
00000000000000000000000000 1.2()000
0D00O0(1.2)00 MNOOOOOO (AD)0000000000000
012(b)0000000000000000000000000000
00000 SADOOOO0O00O00O00000000000000000
0000000000000000000000 VLSIOOOO0O00000
00000000000000000
00000000000000000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000



010 FPGADOODOOODOOODODOO

Reference Window Candidate Windows

RW CWoCW1 CW2 CW3

011l g0o0ooooooooobooon

Roo Coo Roa Coa RMan-1 Cmoan-1

SAD

(a) Pixel-parallelism

Reference ) ) ]
Window CW: Candidate Window

CW, cw, CWy

R

[ Minimum Value Detection

min SAD

(b) Window-parallelism

012 000000000000000



010 FPGADOODOOODOOODODOO 8

ooo0opoOoo0oO0o0ooooooOoOoOooOoOO0OOOOOODOoOOd
ooo0ooOoo0ooOoOooOoO00oOoOooOOO0oOOoOOoboOooOoOoOoood
oo0ooooO0o0o0Ooooooo0ooobboooo0oobO0oboOoo
0000000000000 00000000O00b00O00000O00000
O000o0o0o0ooo0oooo o, 110000000000 ooooo
O000OoO00O000oooooOooovLsSIoooooooo [12,13]00
000000000 vVLSIOOooooob0o0o0ooooo0o0oo0oo0o000
SADO0OO0OO0OO0O0SADOOOOO 000000000000 f,00
00000000000 wWxwOOOOSADOOOOOOOO0O0o0Ooo
Se=(fi—fo)/W?0000000000000000000000O0
0000000000 0000OO000O0O00O0OO0oDooO112(d)00
0ADOODODOOOO0ODO0OO0DOO0OO0000O0D0DO000000 1.2-(b)
O0oooo0ooooo0OOO0O0SADOOOOODOOCOOOOOOOOD
00000 Module Based Array 0 00O 0000000000000
0000 LOGOODOOOOUDOODODOOO0O FPGA(Field Programmable
Gate Array) D 00O OO0

000000000 OO0O0O0OO0O0OO00O0boOoONTSCOoOooOoOo
OO0 3ofpsO00D0DOCODOOOOOOOODOOOOODOOOODODOOOD
00000000000 00000000000O00BOO0OODODOOO
coboooooDOOoo0oobobOO wooHz2D OO OOODODDODOOODO 1msec
000000000000 ooooo0ooooooooooooooo
O00000000000000000 1000fpsOOO0O0O0D0OO0OODO
O0ooO0OOoOO0oOooOooOoOOoboOoONTSCOoOobooDoooooo
ooo0o0o0ooooo0o0oooOo0oOoOoOOO0OoOOoO0OOO0O0O
O000000000000000000000C00O0O00B00O0O000O0
O00000oooO000o0oo0o0ooooooooooooooooon
ooooooooood
00000000000000000000000 S*PE (Simple and
Smart Sensory Processing Elements) 0 000 000000000000
000000 1000Hz0OOOO0O0O0O000000000000 [14, 15]0
Oo000ooooooooooooooooobo0booooooooooo



010 FPGAOODOOOODOODOOD 9

PE (Processer Element)

0 —+sum_row} {sum_row} ——fsum_row}
tracking\ tracking\ m tracking
0 —+sum_row]} {sum_row} ——[sum_row}
IF:_SV? I@ mask |
tracking\ tracking\ m tracking
1

0 —[sum_row} {sum_row} ——sum_row
mask | mask | mask |
tracking‘ tracking‘ m tracking

‘ col_decoder \ SOouT

o

[ sum_col

[ sum_col |

row_decoder

U 13:00000000000000D00O0

014 00000000000000

00000000 0oOooOoOooooOo e, 1700 1300000000
000 (pD)DOO0OO0O0OOCOOOOODOOO(PE)yDODOOOODOOO
PEOUODODOODOUODODOOOOUODODOODLOOOUOOOOLDOD
goooboobooboobooooboooooobobbooboboobooo
gbobooooobobooooooooooooobooboboobooono
gobooobbooobooboooobooboobooboooboobooob
goooboobooboooooobobboooobbOooo 1bbboOogon
O0ob00O0oobooooonooDooog 2s6x260 00000000000
O8usUU1000000D0 66ps0 00D OOO0ODOODOOODOOO0O
oooboooobboogo 2ops0 00000000 DO0.6pm CMOSO



010 FPGADOODOOODOOODODOO 10

local bus

Direction control
y

GLU-
result

f GLU-enable l%’

from neighbor SPE's to neighbor SPE's

O l1s: 00000000000

oodbbbboobedxe40 0000 booobbobbooboon
0140000000000 000O0D0DO0O0 24dmsec 0000000
goooboooooobon

Eklund O O O Near-Sensor Image Processing (NSIP) O OO0 O0OOO
0000000 oOo0ODoO0D [BUuOooooooooooooobooOo
O000000000000000D00 SPE (Sensory Processing Element)
oo0000o0o0obooobobOoOo SPEOODO 1000000000
00000 (GLU)ODDOO0O0ODO00000 GLUODOoOoooOo SPEOOO
00 GLUODOOOO0DOODOOGLUDODOODOO0Oo0oooooooooog
ggo4000b000bbooobobuoboobooobbooobuoouoog
gubbobodoobobbbooooooobboboouooobobboa
gopoobooboon



010 FPGADOODOOODOOODODOO 11

1.3 FPGAOUOOOODODODOODOOO

gdbbogooooooooogbubooobooobooooaa
gugbogooouobobouobobbuooouobobobobooboan
0000000000000 000000O0O ASICOOOoOOoooooag
00000000000 0000OOO0ggASICOODO0Oooooogg
ubgoobdooooooobbbooobbbobooouooban
oo obboobooboooooonobobn
oo booobobuoooogoooboooon
00000 ASICO0OD0DODODODODOODODDODODOOO0O0ODOOO0DbODOoOOOag
ccooobooDOoopDOoOoOOooOOoDDOOoDbODOObOOoDOOoOooOoog
gbbobdgooobbdoboduboobobooobbobooan
guodoobbodooobobobooooooonooobobododa
gooboodobobbbooooobobobooooobooooo
0 FPGA(Field Programmable Gate Array) D0 0 OO0 OFPGAOOO
ooo0oooooobbooooo vVRSIoDobobooooooooo
000 FPGAOOOOOOOOOOOFPGADODOODOOOODODOOOO
goobboooudooooboboouooonobodoobaobnooa
gooo0ooboooboboobooboobboobbbboooooo
0000000000000 0O0oDooDoooOOogOog Asicoooooaa
uggogbobobooobobbobbboooboooouoaoobooda
O0DD0O0O0OFPGAOODOODOOOODDOOOODODOODOOODODODOO
uooaoon

bbb bobb bbb oo buooooo
bbb obooooboooooboooo
ubgooooooboooboboduodbogbbooooooobonbn
gugdooooogouobbobobooobobbooobobnoooadad
000D0O000DO000D0ODO00000DO0O000O0O00000FPGAD
0000000000000 00O00FrPGAOODODOOODOOOOOO
gooodobooodboobooubbob oo oboon
gogddoouoouoooobboboobooobobooboooaooa
0000000000000 000000 FPGADOO OO 1.60000



010 FPGAOODOODOOOOOOOO 12

0 16: FPGAODODDOODOODOOODO

000000 OrFpGAOOOOOCOOOOOOOOOOODOOOOOOO
SRAMOODOOOOOODOOOOOOoOooooocececbooog BtO
000000000000 000O000000O0000000DOCCD
000000 NTSCOOOOOO A/DODOOOOOODODOOOOOOO
gooboboobooobooobbbbooooooooboobobooboobo
00000 0OO00o0o0oOooooOrFpGAOOODOOOOOOOODOO
gooboobooooboobobooooboooboboooooooooonoog
O0DoO00o0oO0ooOoO0b00o0O0oOO0oO000O0000000SRAMO
00000000000000000000000C0CO000ODO FPGADO
Xilinx Vertex-E 2000 OO O OFPGAOOOOO 17000000 1.10
ooo

O0bO0ODOO0D0D0000OVerilog HDLO VEDLOOOOOODOOOOO
gboboobooboooooooooooboboobooooboboooboo
0oooo0oopoooooc/C++00000000000000000
0000000 O0ObO00oOo0O0ooOoOooooooDooCc/C++0000



g1d

FPGAODODODODOOOOODO

R BN B el e R
T v

13- 18N "'.‘I'!-'!l!"i]l“"‘

!;:Klll!liﬁa-
XCV2000E"
BESE0AMED1L
F20654544
jac |

O 1.7 FPGAOOO

O 1.1: FPGADOODO

oooo Xilinx
ooo VertexE 2000
00 MCV2000E BG560-8
ooooooog | 2000
opoooo 560 Ball Grid Array
00 oooo 42.5x42.5 [mm|
goon DC+1.8V
oooooo 0.18u

600000 o0ooooboon

13



010 FPGADOODOOODOOODODOO 14

00000000 0O00OoOvLsIooooooooooc/C++0000
00000000 oooooooooooooooooooooooon
0000000 0000oDoooooDoDo0o0oooooooooooon
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CycleCOHandel-COO O OOO0O0O0O0O0OOOCycleC (C Level Design,
Inc)0 000000000 DODOOO0OOO0ODOODOOOOOOCycleCOO
ANSIC/C++000000000000000DO0000O0 CycleCOO
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000000000 00DOD0000000DODoOO00000ooDo00O
O0OCycleCOODODDOODOODOOOODODDOOODOOOOODOOOO
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O0000obOogdoCycleCOOODOOODOODOOOOODOOOOO
D000 HDLODOOOODOODODOOOODDOOOCGCycleCcOQDOO
00000000 O0OHDLODOOOFPGAOOODOOODODODOOO
0000000000000 000000000o0000000dHDL
00000000 ooooDo00oDooo0ooooDoDoooooooo
o0o0oooooooooood

OO0 FPGAOOODOOOOOODOOOOODOOODOODODOOO
OFPGAOODDDOOODODOODOOOD 1.80000FPGAODOO
DNTSCOOOO0O00O000002)000 SRAMODODO0O3)0000
000004 000000000000 Os)NTSCOOOOOO0OoOd
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1.4 ODOOO00OO0OOO0OUoOoboooboood

gbgobugooboooboogboobobobuobbdooobobd
uboboouououbobbbooouoboobobbobobobob
goooo

141 0OO0OOUOOO0OoOOOogo

019000000000000000000000—-2zy 000000
0 (z,y) 00000000 g(z,y) 00000 1.3-(a) 000000000
00000 p0z00000600000000000 g(z,y)00000
000000000000000000000000000000000
000000000000000000000~00000000000
000000000000000000000000000000000
000000000000000 000000 a+x0000000
0000000000000000 000000 a+x000000
000000000000000000000000000000000
013-(b)00000000000000 p0z00000 600000
0000000 ¢g(zy)0000000000000000000000
0000000000

Ulgl(p,0) = /Oo g(&cosB — psinb, £siné + pcos B)de. (1.3)
0

011l-(a) 00000000 DO0O0O00OD0OOO0OOCOOODOOOOO

01900000
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. .
/i /E,
7z 72

Ly L

(a) (b)

0 1Li10: 00 0ooobooooooooogon

1.11-(b),(c) 0000000000000 AOOO0O0O0 7000000
000000000000000060000002xr00000000
000000000000000000000000000000 270
00000000000

0 1.12-(a)0(h)0 0000000000 ¢000000000000 «
000000000000 ¢ 000000 ¢ 00000000 U(p,6)
0¢00000000U(p,0)000000000

Uo(p,0) =Ui(p,0 + ), Vp,6. (1.4)

01.12-(c)0000000O000ODOOO pOOODOODOdOOODOOO
00000000 ¢U00000000000 Usy(p,)000D0OOOO0
goboooobobobooobobobobbobon

Yp, 0+

UO(:Oa 9) = UQ(:O - dO sin(9 - ,3),9),
g:ﬂ (1.5)

0112«(d)0 0000000000000 «00D00O0OpO000O0O dy
00000000000 000000 gs00D0D00O0O0OOoOoOOoO Us(p,9)
gooooboogo

Uo(p,0 — ) = Us(p — dosin(f — B),0),

w,9+g=ﬂ (1.6)
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p

—

(b) Radon (c) one-sided Radon

0111 0booobooboobobgg

(a) original image go  (b) rotation g;

y y
do : ’
B X X
(c) translation g, (d) planar motion g3

0 1.12:. 0000000
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0000000 U(p,d)0 p000000O000000 F(f,0)0000
00000000000000000-000000000000000
0000 U(p,8)0 U(p,d+r)0000000000000000000
0000000000 2r0000000000000000 U(p,6)O
Us(p,) 00000000000000 F(f,0OF(f,0)D00000
ooooooo

Folf.0—a)=Fa(£,0) VS, 043 =5 (L.7)

00000000000000000000000000000000
00000000000 0000000000000000000000
00000000 GeampeD 00000 ginpy 000000000000
00000000 Usampte(p,0)0 Uinput (p,0) 0000000000000
000000000000 Feampie(f,0)0 Finpue(/,0) 00000000
0000000 Feampie(f,0) 0 Finpur(£,0) 00000000 0000
000 A0000000000000000 Usampie(p,0) O Uinput(p, )
000000000004, 00000000000000000000
0Dooooooo

Full Algorithm
Step 1 Compute Usample(pa 0) and Uinput(pa 0)
Step 2 Compute Fygmpie(f,0) and Fipus(f,0).

Step 3 Find 0Oy4,pie and 0;ppy that minimize
| Fsampte (f+ Osampte) = Finput (f; Oinput) |-
Step 4 a = Oinput — Osample
B = Oinpur + m/2
Step 5 Find dj that satisfies
Usampte(Ps Osampte) = Uinput(p + do, Oinput)  Vp.

gboooooobobooooobobog2r0ob0boObObOODODO
gogbboobogouoobooboboboboooboobboboon
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000000000000000000000000000000000
Doooooo
00000000000000000000000000000000
000000000000000000000000000000000
000000 p=0000000000000000000000000
Usampie(0,0) O Uinput(0,0) 00000000000000000000
0000000000000000000000

Simplified Algorithm
Step 1 Compute gravity centers Gggmpie and Ginpyt-

Step 2 Compute Usgmpie(0,6) and Uspput (0, 6)
around individual gravity centers.
Step 3 Find «a that satisfies
Usampte(0,0 — ) = Uipput (0,6) V0.

Oo00ooooovUu(0,o00 200000000000 0OOOCODOO
gbobodboobooobdobbuoobuoouooooouobuoboobd
ogbboboooooobobooooob 1oooooooooobobobo
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142 DOOOOOOOOOOO

000000000 00000000000000000000000
0000 CCDOOO0O0OOOOOOONTSCOO0O0O0O00OnnOn
00000000 WOOOO HOOOOOOOOO0OO0O00000000
Pj(i=01--W—-1,;j=0,1,---,H-1)0000000 ¢,;000
000000000000000000000000 g(z,y) 00000
0000000000000000000000000000000

g(z,y) = (1 —ry)(1 - Ty)gi,j + 7z (1 — T'y)gz'Jrl,j

+(1 = r2)ryGij+1 + TaTyGiv1 j+1

000 i=[z/W]0j=[y/HOry=(x—iW)/W0Ory=(y—jH)/HO
0o0O0(3)0oooooooo0ooOU0UobOUUooooUooOoOoOO
gbboooooboooboboboobbooobbooobuobobobbbg
gooobboobooboboboboooooooboooooooon
goooboooooobobbobboobon

ggbbodooooboboooobobobobbooboboon
gbobobooboobboboobooboubouobooboooboooood
gogbdbooboobbobuooobobgogooougoboooooban
0000000000000 P,;0000 (21,9, 000000000
0,27]0 K 000 OAO = 2r/KD 6, = kAO (k=0,1,---, K — 1) 0 O
0000000 p0000 ApOO0 Opp =hAp (h=0,+£1,42,---) 0
O000000000U((p,)000=6,0p=p, 0000000000
OO00000000DODO0d p,0, 0000000 z,y00000ODO0O
gooogd

xz=Ecos — psinb,

y=¢&sinf + pcosf.
0000000000 oonooooboooooooaon

¢ =xcosf + ysinb,

p=—xsinf + ycosh.
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0 1.2 0000000000000
initialize array U (6, pn)
for (i,7) = (0,0),(0,1),---,(W —1,H — 1) do
compute z; j and y; ;
fork=0,1,---,K —1do
0, = kA, Cy, = cos by, S = sinby,
§ =i jCk + vi,j Sk
p = —%i;jSk + Yi,;Ck
if £ >0 then
h=p/Ap
increase U (0, pn) by pixel value g; ;
end
end

end

O0x,y0000D0O0ODDOOOOODOOOOCEO pOODOOODOD
0000000000 D¢0D0OOODOOOODODOOOUDDOO g(x,y)
000000 U(p,)00DD0DOO00DO00ODODOODEDDOOIDDOO
00000000000 U((p,A)0DO0 g(x,y) DODODOODOOOOODO
OO00O0OO00OOO0o0oOoOoooDbOoOOoOTablel2000O00ODOO
gboooo

Table 120 0000000000000 0ODOOOOCOODOOOOO
gogdooooccboooboooodoooooOoooooOooooDod
gooobooobboboobbbobbobooobooobooooon
ODO0D0O00000DOO0OO00ODOO0OTable1.2000000000000
gboboouoobogooobooooo

gbobboooubbooooboooboobobouobobooobbbd
0600000000000D000U(p,)000=0,0000000
00000000000 000000000U(p,p)bO0000DO0OOO
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Xij Yij
Co—>| Ci Ck-17%
So—| S1 SK-1—
ho|h1 hk-1
array
U@®k.Pn) 2
1
Ph 0 gi,j
-1
-2
012 0, K-1

U 1.13: 000000000000000

sample f-6 plane

f—rt matching

1 scan control
scan control

] SAD
Frame parallel voting of
Buff 1> one-sided Radon - v 9
uter transform minimizing

rotation angle o
‘ translational direction
matching

input -0 plane

SAD

minimizing

translational distance dg

sample p-6 plane

0 114: 000db0doooooobobooobog

000000000000000000000000000 ),y 0
C = cos0,08, =sinf, 00000 60000000 A000000
000000000000 ¢,;0000000000 6,6y,---,0k 10
000000000000000000000000 1.130000000
0D0000000000000000
0000000000000 00000000 1.1400000000
000000000000000000000000000000000
0000000000000 000000000
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0000000000000 000000000000000000
000000000000000000000CPUO Pentium ITT 800
MHzO OO OO 256MB 0 PCOO OO0 OOPCO OSO Vine Linux 0
000000000 COO000O0GCC ver2.7.230000000000
1.15-(a)0 ()0 00000D0000000000000 8 [bitjO00O0
0000000000000 256 [pixel] x 256[pixel] 00000000
00000000000 1.15()00000000000000000
000000000000000000000000 1.15-(d)0000
000000000000000000000000000000000
0000090000 A9 =1 [degree] 000000000 p00O00
[—125,125] [pixel] 00 000000 Ap =1 [pixel] 0 0000 1.15-(c) O
(0000000000000000000000000000000
000000000

00000000000000000000000000000000
0000000000000000 f, = h/125 (h = —125,—124,---,125)
0000000000000000000000 /000000000
000000000000000000000000000000000
000000000000000000000000000000000
00000000000000000000

“ ‘7:sample(fha osample) - Enput(fha 6‘input) ||
40

= Z |‘7:sample(fha esample) - finput(fha 95ample)|-
h=0

OlLis0000b0doddooobooooooooooobooooan
O000000000O00OOoODO 1.15-(a)0 0000000000 oObD oo
O000o0O0O0o0ooooo L.1s-(b)oo0ObODObODO0ODODOOoOO
00000000000000 | Feampte(fis Osampte) = Finput (s Oingut) |
O O 0sampie = 0,1,---,359 [degree]0 O;ppyt = 0,1,---,359 [degree] O O
00o0o0oooooooooo d0x36000oooooooood
00000000000 1.16-(a) 0000000 Osgmpre = 292 [degree]
O0inpur =322 [degree] 0000 00000000000 O00OOOOO
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a) sample image b) input image

) transforms by original algorithm

(d) transforms by parallel algorithm

0 lis: 000bo0oooooooobooboobooboo

A A

(a) original algorithm (b) parallel algorithm

0 ll6e: J000oooooooobooooobogooboooon
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(a) sample image  (b) input image

(d) transforms by parallel algorithm

O1l17-000 0000000000 00booooog

(a) original algorithm (b) parallel algorithm

01118 o0o000o0bbooooboooooboooooo
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0119 00000000oobboooobo

a =30 [degree] 0000 B =52 [degree] 0 0 00000 dp = 40 [pixel]O
000000 1.16-(b) 0000000 sampre = 113 [degree] D0,y = 143
[degree] 0 0000000000000 D0DOD0O0O0OO O« =30 [degree]
0000 B =233 [degree] 1000000 dy = —39 [pixel] D 000 0O
gbboogbooobooggboobbobboouooooboooooood
gobooobooboooobooboooboobobogoboon

0 117-()0(b) 00000000000 8 [bit] D0 ODOOOOOOO
0000000 256 [pixel] x 256 [pixel] 0 00000000000 000
ooooooOoOooOooOooO 117-(cg0D000O00D0DO0OOOOLOOO
000000000 1.17-(d) 00000 1.17-(c) 0 () 00000000
gooboooobbbooboooooobbobobbooooobobon
1.17-(c) 0000000000000 00O0O000O0O0O00OO0000
00000 1.18(a) 0000000 O0sgmpre = 258 [degree] D Oppur = 349
[degree] 00000000000 DODOOODODOODOOODOOOOBOa@=91
[degree] DO OO =179 [degree] 1 DO 0ODODODO Ody =49 [pixel]0 OO
0000 1.17-(d)000000000000000000000ODOO0OO
0000000000 1.18-(b) 000000 00 sgmpre = 259 [degree]D
Oinput = 349 [degree] 0 0000000000000 OOOOOOOOOO
00 a=090 [degree] 0000 =179 [degree] 0000000 Ody =49
pixe| 0000000000000 DOO0OOO0DOOOOOOOOOO
gobooboobooooobobobobbobobooooboboooonoo
goboooobooood

gguooboogoaobobaboooboobooboboobbooaon
oboodb r1yo0gooboooboooooooboooobobobD 320
[pixel|J0 00 240 [pixel] 0D 000000000000 OOOOOOO
000000 Af=1[degree] OO OODOOODO pOOO0O [—256,256]



010 FPGADOODOOODOOODODOO

013000000000

original parallel
actual || computed | error | computed | error
0° —-1°| -1° —-2° =2°
30° 30° 0° 30° 0°
60° 64° 4° 64° 4°
90° 93° 3° 93° 3°
120° 122° 2° 119° | —1°
150° 148° | —=2° 149° | —1°
180° 181° 1° 180° 0°
210° 219° 9° 218° 8°
240° 238° | -=2° 245° 5°
270° 266° | —4° 277° 7°
300° 294° | —6° 299° | —1°
330° 324° | —6° 326° | —4°

(g)

0 120: 000000000 OOO0

(e) (f)
(h) (i)

28
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[pixel] J0 000000 Ap=2[pixe] 00 00CCDOOO0OOOO0
008 it 0000000000 geamere 10 000000000000
00 ook 00000000 ginp 000000000000000000
00000000000000000000000000

gad(xay) :| gcamera($vy) - gback($ay) | .

U000 gmpe DO00O0000 geUO000000000000000O

9ad(®,y)  gaf(x,y) > 90

0 otherwise

ginput(xay) = {

gobboobooooboobbdgrybboooobobooobooon
gbooobobobobobobbobbbobobuouououoboooyd
OOO0DO0ODOTable1.30000Table 1.3000000000000DO
ugbbooooobooboboboboouobobuoouuouoboboobood
0000000000000 0000000000 10 [degree] D OO O
ooo

0120-(a)0(h)0 0000000000000 00OOOOOOOOO
gbboobbuogobuoooooobooobooboboooouoobo
gboboobbobooobobobooobooobobooboboon
goboooooboboobooboboobbobbbobobobbooooobon
1210000000 000000000000000 122000000
gbbogbogogbogbooguaboboobobobbbbobanoo
ubboboboobbobobboouobooboouobooooboo
gbooboboobooooooobobooooobooooooobooobg
gogoboboobooooboobobobooboooboo
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-20
-40
-60
-80

-100

X [pixel]

0 121: 000b00b0obobobooooboooog

40
20

-20
-40
-60
-80
-100

X [pixel]

0
5 4
| 410 F 4
= -15 | B
7 [
| & 20 B
> 5L 4
b -30 | B
q 35 | 4
T ST 40 P S S SR
4 5 6 7 8 9 0O 1 2 3 4 5 6 7 8 9
time [frame] time [frame]
(a) position
300
280 B
& 260 | i
<
2 240 - B
=
@ 220 | 4
2
© 200 [ 4
180 1
160 S S S S

time [frame]

(b) orientation

a0 [ ]
a5k ]
20 I ]
25 1 ]
30 | ]
b 35 - R
L 40 R S R ST R R

Y [pixel]

time [frame] time [frame]

angle [degree]

(a) position

time [frame]

(b) orientation

0122 000000000000 0O000OODOO
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1.5 0D0OO00000000O0O FPGADDODOO

1.5.1 D0O0OO0Oggoogod

000000000 0OFPGAOOOODOO SystemCompiler(C Level
Design) 0 0 0 0 OSystemCompiler 0 000 0000C/C++00000
00000000 0oooooooc/C++000000000DO00OD
0000000000000 000OO00o0OO00oooOooooCc/C++
0doddoo0ooobOooooooooooovLsIoooooooad
0o0o0o0o0oO0oOoOO0oDOOooOOOOUOOOOODOC/C++00DOOD
ooooooboooooooooooonoogooooooooooo
0000000 oooooooooooooooooooooooon
0do00o0oobooooooooobooouooooboonoooooooo
gododoogoooooooboboooooboooooooobooon
oo ooooonooguoooooooog
b ooooouoboooooooooon
¢c/C++000000000000000O0OO0UOOODOOOOOO
ooooobooooooo

ogoooooobobboooouoobobooooooooood
0000000000000 o0o0oo0boooooonooD HDL
gobooobooddbooooooonooogooooooooooa
00 0SystemCompiler 00000000000 DDOODOOODODODOODO
Jdddoo0o0ooooooopoooo vesIooooooooood
0000000 O vVLhSIDOOooooooooooooooooooodd
00000 RTLOODOOOODOOODOOOODOODDOODOOOOOO0OO
000000000 O0SystemCompiler 00 OCycleCO OO0 O C/C++
Oo0ooooooooooooooooooooooo HbLoooaad
O00000OCycleCOODODOODODODODOODOOOOOOODODOD
0000000OHDLODOOODODOODOoODOoOoooooooooooono
gbodoooooooooodooboboooouoooooooa
oooopPCOO00OOODOOODOODOODOODOOOODOODOOOOO
0o0o0o0ooooooooooooboooooooooooog oon
gooogoooooood
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1.5.2 0O0OOO0O0oooboo

SystemCompiler 0 000 OPCOOOOOOODOOOOOOODOODO
gooobooboooobooboobboooooooboooooo
OO00O0O0O00DO0O0OODOO0O0O00O00obOOoO0obooOobooOooOog VLSI
gbooooobooboobooobbobbbooboooooooboboon
ODOob0o0oOooboooDoobOo0oboOobDbobOonOSystemCompiler O
CycleCOOODOOOOODC++0000D0000D00000000DODO
O0obobooboboobboobgodVerilogHDLOOODOOODODO
OOb0OCycleCOODOOODOOOOODOODOODOOOOOOODO
goooobobooooboboobobobooboboouoobDbo

oboob OooobobooboobbOoboooooboboOOoOoOovhsIooo
ooooOooooooobbOoobooMU2200-VDECODOODOODO
NTSC/PALOOOCOOOOOOOOOOOMU200-VDECODOOOO 14
oooodoo 1230000

O 1.23: MU200-VDECO O O

O00000ooooooboooooooooobOoooo (BMP,PPM,PGM)
000000000000 (AV)DOOoDOoooooooooooooo
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O 1.4: MU200-VDECO ODO

gooo

gboobooboopoobobobboobooooo

uod

000000000 oO0o0o0oooooouoon
PowerMedusa O O O O
NTSC/PALOOOO0OOOOOCOOOOO

g

MU200-VDEC

g

good

RCAOOOOOO (NTSC/PALOOODOOOOO)
SO0 (MiniDin4,NTSC/PAL Y/CO0O)

good

240000000 (00)
DSOIR-240R(0 000000000000 0000)

RN

DC+5V (000 1.4A)

gboogoo

165x150x 17mm

gbobooooo

NTSCOODODDOO0O0 (0000 75Q00 1Vp-p)
NTSC Y/CODO (0000 75900 1Vp-p)
PALOOOOOO0C0O (D000 75000 1Vp-p)
PAL Y/COCO (D000 75000 1Vp-p)

gbobooooo

24000 RGBOO (0000 TTLOOO)
16000 RGBOO (0D0OO TTLOOO)
15000 RGBOO (0000 TTLOOO)
24000 YCrChbOO (DO 0O TTLOOO)
16000 YCrCbOO (0O0OO TTLOOO)

oooobooooIc

Brooktree 0 Bt812 (A/DOO,Y/COO,
000,0000,PLL,O0OOOOOOO)

Oo0OoOoOooogIc

ALTERA O EPF81500AQC240-4
ALTERA O EPCI1PC8
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gbooobooboboobobbobobobbbbooboboooobn
oOoOoogoccboboOog MU200-VDECOODOOOODOOOOOOO
gogobobobbooobooon

typedef struct {

UBYTE dot_clock; // 0000000

UBYTE vertical_sync; // 000000

UBYTE horizontal_sync; // OD0OOOOO

UBYTE composite_sync; // 0000000000
UBYTE x_field_even; // 0000000000000
UBYTE active; // 00000

} SYNC_SIGNAL;

const SYNC_SIGNAL* generate_sync_signal(void){
static SYNC_SIGNAL signal = {true,true,true,true,true,false};
static DWORD x_cnt = 0; // 000000
static DWORD y_cnt = 0; // 000000
static bool EQ = false;
static bool VS false;

if (x_cnt<779)4{
X_cnt++;
} else {
x_cnt=0;
// y_cnt
if (y_cnt<525){
y_cnt++;
} else {
y_cnt=0;
}
// 000000 ,x_field_even,active
switch(y_cnt){

case 0: signal.x_field_even = true; break;
case 3: signal.vertical_sync = false; break;
case 6: signal.vertical_sync = true; break;
case 20: signal.active = true; break;
case 260: signal.active = false; break;
case 262: signal.x_field_even = false; break;
case 265: signal.vertical_sync = false; break;
case 268: signal.vertical_sync = true; break;
case 282: signal.active = true; break;
case 522: signal.active = false; break;
}

}

// 000000,Eq,VsS,

switch(x_cnt){

case 0:
switch(y_cnt){
case 1: EQ = true; break;
case 4. VS = true; break;
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case 7:
case 10:
} break;

case
case
case 3

18:
76:
90:

Vs
EQ

signal.horizontal_sync
signal.horizontal_sync

switch(y_cnt){
case 263:
case 266:
case 269:
case 272:
} break;

}

EQ = true; break;
VS = true; break;
VS = false; break;
EQ = false; break;

// composite_sync

if( (x_cnt==350) ||
(x_cnt==740) ||
(x_cnt== 76 && !'EQ) ||

((x_cnt==47 || x_cnt==437) && EQ && !'VS))

else

if((x_cnt== 18) || (x_cnt==408 && EQ))
signal.composite_sync = false;

false; break;
false; break;

signal.composite_sync = true;

return &signal;

false;
true;

break;
break;

35

ooooooooobooooooboobooboobobooooboboOoDooo
gbooboboboouoougboosppobooboboooobbo
OO00ORGBOOOOOOOODOOOOOOOCCTOPODOOOODODOO
O00000000DDODO000O00D0ODOO0OO process_receive_signal
oooobobobooooooooboDbbOooboOoobDoDOobDbooooPC
000000000 0DOO000DODO0O0O0D0OOO0O0OOoMU200-VENC

O000000D0O0ONTSC/PALOOOOOOOOOOO

static void process_send_image (CTOP* pTop,COLORREF c){

const SYNC_SIGNAL* p = generate_sync_signal();

UBYTE Y = ((UWORD) (0.299%256) *GetRValue(c) +
(UWORD) (0.587%256) *GetGValue(c) +

static
static
static
static
static
static
static

(UWORD) (0.114%256) *GetBValue(c) )>>8;

uinti
uint8
uinti
uinti16
uint18
uinti
uinti

VENC_CLKx1_0UT, VENC_CLKx2_0UT;

VENC_R,VENC_G,VENC_B;

VENC_HD_OUT, VENC_VD_0UT, VENC_FE_OUT,

SRAM1_DATA,SRAM2_DATA;
SRAM1_ADRS,SRAM2_ADRS;
SRAM1_xCE, SRAM2_xCE;
SRAM1_x0E, SRAM2_xO0E;

VENC_ACT_OUT;
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static uintl SRAM1_xWE, SRAM2_xWE;
static uintl SRAM1_BLE, SRAM2_BLE;
static uintl SRAM1_BHE, SRAM2_BHE;

pTop->run( p->dot_clock,
1,
Y,
p—>horizontal_sync,
p->vertical_sync,
p—>x_field_even,
p—>active,

VENC_CLKx1_0UT, VENC_CLKx2_0UT,
VENC_R, VENC_G, VENC_B,
VENC_HD_OUT, VENC_VD_OUT,
VENC_FE_OUT, VENC_ACT_OUT,

SRAM1_DATA, SRAM2_DATA,
SRAM1_ADRS, SRAM2_ADRS,

SRAM1_xCE, SRAM2_xCE,
SRAM1_xO0E, SRAM2_x0E,
SRAM1_xWE, SRAM2_xWE,
SRAM1_BLE, SRAM2_BLE,
SRAM1_BHE, SRAM2_BHE

)

process_receive_signal( VENC_CLKx1_0UT,
VENC_CLKx2_0UT,
VENC_R,
VENC_G,
VENC_B,
VENC_HD_OUT,
VENC_VD_OUT,
VENC_FE_OUT,
VENC_ACT_0OUT) ;
return;

ggobooooboobooooooboo 1cooooobooooboboobo
000000 COLORREF* p 0O 0640x480x32bpp RGBO O OO OO
goboboooooooooogd

void send_image (COLORREF* pReceivedBitmap, CTOP* pTop,
const CImage* pImage){
s_received_image_bitmap = pReceivedBitmap;
COLORREF* p = pImage->GetBitmap();

// 0000000000
for (UWORD y=0;y<22;y++){
for (UWORD x=0;x<780;x++){
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process_send_image (pTop,0x0000£f) ;
}
}
// 000000 1,3,5,7,...
UDWORD pitch = pImage->GetWidth();
COLORREF* p2 = p;
for (;y<22+240;y++){
// 0000000000
for (UWORD x=0;x<47 ;x++){
process_send_image (pTop,0x0000£f) ;

}

// 0000

for (;x<47+640;x++){
process_send_image (pTop,*p2++) ;

}

// 0000000000
for (;x<780;x++){

process_send_image (pTop,0x0000£f) ;
}

p2 += pitch;
}
// 0000000000
for(;y<262+22;y++){
for (UWORD x=0;x<780;x++){
process_send_image (pTop,0x0000£f) ;
}
}
// 000000 2,4,6,8,...
p2 = p + pitch;
for(;y<262+22+240;y++){
// 0000000000
for (UWORD x=0;x<47;x++){
process_send_image (pTop,0x0000£f) ;
}

// 0000

for (;x<47+640;x++){
process_send_image (pTop,*p2++) ;

}

// 0000000000
for(;x<780;x++){
process_send_image (pTop,0x0000£f) ;
}
p2 += pitch;
}
// 0000000000
for(;y<625;y++){
for (UWORD x=0;x<780;x++){
process_send_image (pTop,0x0000£f) ;
}
}
delete[] p;

37
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CALC_COG
X
> COG_X
START > 1 .. =
n »{ div_x [ comp_x_ > COG_X
X > > "
adder output > COG_Y
v > y COG_Y_ -
c | » div_y [ comp_y_ > COMPLETE
div_start'

0 124: 200000000000

2000000 2000000000000O00O00OD 1124000000
0040000000000 adderOdivxOdiveyOoutput OO0 O OO0
O020000000000000000 STARTOOOO XOYOOoOoOO
ocCcOoooobDoooooOooOoOobO0oobobooOoUn adderd
oobooboooboooooboboooooooooon divxD divey
000000000 00OOO0O0O0ODOOOO00oODObOoOobOoObDOOoOooo
U000 output 0 Odivx D divyUO OO UODOOOOOoOooooooO
O0ooodbOo0bOo0o0o0oD adderDooDO

void CCALC_COG_ADDER: :run( uintil CLK,
uinti xRST,

uint8 X,
uint8 Y,
uint8 C,

uint31& SUM_X,
wint31& SUM_Y,
uint24& SUM_N,
uintl& DIV_START
)M
// xx yy nn state
if (infer_clock(CLK) || infer_reset(!'xRST) ){
if ('xRST){
XX 0;
yy = 0;
nn 0;
state = 0;
} else {
uint8 cc = C & 0x80;
if (state==2){
state = 0;
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} else if(X==0 && Y==0){
xx = 0; yy = 0; nn = cc;
state=1;

} else if(state==1){
xx += uint31(cc)*uint31(X);
yy += uint31(cc)*uint31(Y);
nn += uint24(cc);
if (X==255 && Y==255){

state = 2;
}
}
}

}

SUM_X = xx;
SUM_Y = yy;
SUM_N = nn;

DIV_START = state==2;

ooododivxOdivyO OOOOOoOoOOOoOoOooDOoDOOoOooooooo
gbooooobobobobooboboboobboooboooobon
ooobobbobooobboobooboooooooooD divxD
divyOUOooobooboo s1gpooooo 240000000

#define CDIVIDER(dividend_bit,divisor_bit) \
class CDIVIDER_##dividend_bit##divisor_bit { \
public: \
CDIVIDER_##dividend_bit##divisor_bit(){ \
tmp_QUOTIENT =0; \
tmp_0DD =0; \
tmp_COMPLETE =0; \

count =0;
bufA =0;
bufB =0;
bufQ =0;
tmp0dd=0;

s

A\

void run( uintl CLK, \
uintl xRST, \
uint##tdividend_bit DIVIDEND, \
uint##divisor_bit DIVISOR, \
uint##dividend_bit & QUOTIENT, \
uint##divisor_bit & O0DD, \
uintl START, \
uintlg& COMPLETE \

JREAN
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if ( infer_clock(CLK) || infer_reset(!'xRST) ){ \
if ('xRST){ \
bufQ = 0; \
tmp0Odd = 0; \
} else { \
if(count!=( ##dividend_bit +1)){ \
if (count){ \
uint##dividend_bit tmpA; \
set_slice(bufQ, ##dividend_bit -1,1, \
get_slice(bufQ, ##dividend_bit -2,0)); \
tmpA = bitvec_concat( \
get_slice(tmpOdd, ##dividend_bit -2,0), \
get_bit(bqu, ##dividend_bit -1), \
##dividend_bit ,1); \
if (tmpA>=bufB){ \
set_bit (bufQ,0,1); \
tmp0dd = tmpA - bufB; \
} else { \
set_bit (bufQ,0,0); \
tmp0dd = tmpAd; \
A
} else if (START){ \
set_slice(tmp0dd,##dividend_bit -2,0,0); \

A
A
A\
A\
\
if( infer_clock(CLK) || infer_reset(!'xRST) ){ \
if ('xRST) bufA = 0; \
else \
if (count!=( ##dividend_bit +1)){ \
if(count){ \
set_slice(bufA, ##dividend_bit -1,1, \
get_slice(bufA, ##dividend_bit -2,0)); \
} else if (START) bufA = DIVIDEND; \
A
P\
\
if( infer_clock(CLK) || infer_reset(!'xRST) ){ \
if ('xRST) bufB = 0; \
else if (START) bufB = DIVISOR; \
P\
\
if( infer_clock(CLK) || infer_reset(!'xRST) ){ \
if (!xRST) tmp_QUOTIENT = 0; \
else \
if (count==( ##dividend_bit +1)) tmp_QUOTIENT = bufQ; \
J AN
\

if( infer_clock(CLK) || infer_reset(!'xRST) ){ \
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if (!xRST) tmp_0DD = 0; \
else \
if (count==( ##dividend_bit +1)){ \
tmp_0DD = get_slice(tmp0dd, ##divisor_bit -1,0); \
A
P\

if( infer_clock(CLK) || infer_reset(!'xRST) ){ \
if (!xRST) tmp_COMPLETE = 0; \
else if(count==( ##dividend_bit +1)){ \
tmp_COMPLETE = 1; \
A\
else if(('(count)) && START) tmp_COMPLETE = 0; \
P\

if( infer_clock(CLK) || infer_reset(!'xRST) ){ \
if ('xRST) count = 0; \
else if(count==( ##dividend_bit +1)) count = 0; \
else if(count) count count+1; \
else if (START) count 1; \

A\

QUOTIENT
0DD
COMPLETE

tmp_QUOTIENT; \
tmp_0DD; \
tmp_COMPLETE; \

private: \
uint##dividend_bit tmp_QUOTIENT; \
uint##divisor_bit tmp_0DD; \
uintl tmp_COMPLETE; \

uint##divisor_bit count; \
uint##dividend_bit bufA; \
uint##dividend_bit bufB; \
uint##dividend_bit bufQ; \
uint##dividend_bit tmp0dd; \

00000 output 00O ODOODOOOODO output O Odivx O div_y
00000000000 00000000000D00000000000
O0o00o0ooooooo0Dooo0ooooooooDooooooond

void CCALC_COG_OUTPUT: :run( uint31 QUO_X,
uint31 QUO_Y,
uintl DIV_COMP_X,
uintl DIV_COMP_Y,
uint8& COG_X_0,
uint8& COG_Y_O,
uint1& COG_COMP
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)
COG_COMP = DIV_COMP_X && DIV_COMP_Y;
COG_X_0 = QUO_X;
COG_Y_0 = QUO_Y;

2000000000 boobbo oo UobObOboOb4D
gboboboooobobooooooboooooobboobobooobobon
gboooooobobibboubboobobooooboooooooood

gogooobooboboboboaboo

void CCALC_COG: :run( uintl

uinti
uint8
uint8
uint8
uintl&
uint8&
uint8&
)
adder.run( CLK,

xRST,

X,

Y,

C,

cc_out (x),

cc_out(y),

cc_out(n),

C,
COMPLETE,
C0G_X,
COG_Y

cc_out(div_start)

)

divider_x.run( CLK,
xRST,
cc_in(x),
cc_in(n),

cc_out(cog_x_w),
cc_out(cog_x_odd),
cc_in(div_start),
cc_out(div_comp_x)

)

divider_y.run( CLK,
xRST,
cc_in(y),
cc_in(n),

cc_out(cog_y_w),
cc_out(cog_y_odd),
cc_in(div_start),
cc_out(div_comp_y)
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ORT
X > > CO
START ——» v atan > COMPLETE
> > THETA
COG_X > scan_ctrl
COG_Y > RX > delay > C
RY R_
S
Yy

frame buffer

0 125 000000000000

)

output.run( cc_in(cog_x_w),
cc_in(cog_y_w),
cc_in(div_comp_x),
cc_in(div_comp_y),
C0G_X,
COG_Y,
COMPLETE

oooooob ooboobbobbooboogoill2o0b000oo0ood
ubobobouobuooooboboboobobbobooouobbabd
oooooobbbobobbOobboDbOd scanctrlD0O00OOOOO
gooboboobobdooooooobooooooooooooobo
goooobobobooboooobobbbooooobooboooooon
OoeODO0DODDO atanDO0ODODOOOOODOOOODODOD
OODO0O0ODO0OboDoD delayDbOOooooooooboobOoOoDOo
ooooooobobobobobo0obo0oubOUud scanctrlDODODOOO
gboboooboooooobboobboooobobobooobobon
U000 aatan 000000000000 DOODOOODOOOODOOOO
U000 atan O O0D00OO0DODOOO0O0O0Oentl 00 ent2 000000
gooodg

void CORT_SCAN_CTRL::run( uintl  CLK,
uintl xRST,
uinti START,
uint8 COG_X,
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ATAN
N »
START >
A —*> THETA
X > startup B L »| end
» divider —> COMPLETE

Y > . -
div_start div_comp

0 1.26: 00D OO atan

uint8 COG_Y,
uintl& ATAN_START,
uint9& X
uint9& Y
uint8% R
uint8% R
){
// cntl,cnt2
if (infer_clock(CLK) || infer_reset(!xRST) ){

if ('xRST){
cntl = 0;
cnt2 = 0;
} else {
if (START || cntl || cnt2){
if (ent1<9){
cntl++;
} else {
cntl = 0;
cnt2++;
}
}
}
}
// R_X,R_Y
R_X = get_slice(cnt2,15,8);
R_Y = get_slice(cnt2, 7,0);
// X,¥Y

X = (COG_X < R_X) ? uint8(R_X)-uint8(COG_X)

(1<<8) | ( uint8(COG_X)-uint8(R_X) );
Y = (COG_Y < R_Y) ? uint8(R_X)-uint8(COG_X)

(1<<8) | ( uint8(COG_X)-uint8(R_X) );

// ATAN_START
ATAN_START = (cntl1==0) && cnt2;

00000 atan 0000000 DOOOOODOOOOO 1260000000



010 FPGADOODOOODOOODODOO 45

Uoo00boooobO startup0 OO0 O0O0O0ODOOODOOOODOOO
XOYOOOOOOOONODOODODOOAOOODOODODOOOODOO
ooooxXoyooooooobobooooboobooooooo
000000000000 ADBOOOODOOODOOOA>BOOO0OOO
000000000O0OOooOOoOOOO0O0LOD31AD BOOOoOOoOOoOO
ooobobobobobdUbenddbOLOO0OOOobDODbOO NODDODOO
oopoooeOOODOOOOODD startup OO0OOOODOOOOO
divider OO0OO0ODOOO0DOOOOOODOOODODOOOOOOOOO
ugboodobooaon

void CATAN_STARTUP: :run(uintil CLK,
uintl xRST,
uintl START,
uint9 X,
uint9 Y,
uint13& A,
uint8& B,
uint3%& N,
uinti& DIV_START
){
if (infer_clock(CLK) || infer_reset(!xRST) ){
if ('xRST){
tmp_A = 0;
tmp_B = 0;

tmp_DIV_START = O;

if (START){
uintl flag = get_slice(X,7,0) < get_slice(Y,7,0);
tmp_N = (flag<<2) | (get_bit(X,8)<<1) | get_bit(Y,8);
if (flag)tmp_A = get_slice(Y,7,0);
else tmp_A = get_slice(X,7,0);
tmp_A <<= 5;
if (flag){
tmp_A -= get_slice(Y,7,0);
tmp_B = get_slice(X,7,0);
} else {
tmp_A -= get_slice(X,7,0);
tmp_B = get_slice(Y,7,0);
}
tmp_DIV_START
} else {
tmp_DIV_START
}

1;

0;
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A = tmp_A;
B = tmp_B;
N = tmp_N;
DIV_START = tmp_DIV_START;

o000 enddOO0OODO

void CATAN_END: :run( uintl CLK,
uintl xRST,
uintl DIV_COMP,
uint3 N,
uintl3 L,
uint8& THETA,
uintl& COMPLETE
DRI
if (infer_clock(CLK) || infer_reset(!'xRST) ){
if ('xRST){
tmp_THETA = 0;
tmp_COMPLETE = 0;
} else {
if (DIV_COMP){
uint8 tmp = N;
tmp_THETA = (tmp<<5) | get_slice(L,4,0);
tmp_COMPLETE = 1;
} else {
tmp_COMPLETE = O;
}
}
}
COMPLETE = tmp_COMPLETE;
THETA = tmp_THETA;

Ubobob atandO 00000 ooooooon

void CATAN: :run( uintl CLK,

uintl xRST,
uinti START,
uint9 X,
uint9 Y,
uint8& THETA,
uintl& COMPLETE

DRI

start.run( CLK,

xRST,

START,

X,

Y,

cc_out(a),

46
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template
> r-q buffer
e
MATCHING L
theta > delay >
seatrch
START > scan_ctrl min > THETA_
theta_input o T MIN
» delay F;
J C_input
Ly input
r-q buffer
0127 0000000000
cc_out(b),
cc_out(n),
cc_out (div_start)
);
divider.run( CLK,
xRST,
cc_in(a),
cc_in(b),
cc_out(l),

cc_out (odd_dmy) ,
cc_in(div_start),
cc_out(div_comp)

)

end.run( CLK,
xRST,
cc_in(div_comp),
cc_in(n),
cc_in(1),
THETA,
COMPLETE

oo00do0 O0o0oooooooooooooooooooooonod
oo
S(T) = Z | Uinput(o + T) - Utemplate (9) |
0

gobooboboboboooooobbooboboboo2roobooonO
000000000000 scanctrl O 00 Oppe =0 +70 00000
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gboooboobooboobooooobobooboboooboboboon
ooobooooooboobOdn searchminOD 0000 OOOOOOOO
OO0000o0oOoDoOoOoOoo0ooDOd scanctrlOO0O0O0OOO

void CMATCHING_SCAN_CTRL::run( uintl CLK,
uintl xRST,
uintl START,
uint8% THETA,
uint8%& THETA_INPUT

)
if (infer_clock(CLK) || infer_reset(!xRST) ){

if ('xRST){

cnt = 0;
} else {

if (START) cnt = 0;

else cnt++;
}

}
THETA = get_slice(cnt,7,0);
THETA_INPUT = get_slice(cnt,7,0) + get_slice(cnt,15,8);

O0000 searchominO00000OO0O

void CMATCHING_SEARCH_MIN::run( uintl CLK,
uintl xRST,
uint8 THETA_A,
uint8 C_A,
uint8 THETA_B,

uint8 C_B,
uint8&% THETA_MIN
{
if (infer_clock(CLK) || infer_reset(!xRST) ){
if ('xRST){
diff_min = O;
tmp_THETA_MIN = O;
} else {
uint8 d;
if(C_LA < C_B) d = C_B - C_A;
else d = C_A - C_B;

if (THETA_A==0) diff_min = Oxffff;

if (THETA_B==0) diff=0;

diff += d;

if (THETA_B==0xff && (diff < diff_min) ){
diff_min = diff;
tmp_THETA_MIN = THETA_A;
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+
THETA_MIN = tmp_THETA_MIN;

gbobobobooboougbboboooouaoboo

void CMATCHING: :run( uintl CLK,
uintl xRST,
uintl START,
uint8% THETA_TEMP,
uint8 C_TEMP,
uint8& THETA_INPUT,
uint8  C_INPUT,
uint8& THETA_MIN
)
scan_ctrl.run( CLK,
xRST,
START,
cc_out (theta),
cc_out (theta_input)
);
delay_a.run( CLK,
xRST,
cc_in(theta),
cc_out (theta_a)
);
delay_b.run( CLK,
xRST,
cc_in(theta_input),
cc_out (theta_b)
);
search_min.run( CLK,
xRST,
cc_in(theta_a),
C_TEMP,
cc_in(theta_b),
C_INPUT,
THETA_MIN
);
THETA_TEMP = cc_out(theta);
THETA_INPUT = cc_out(theta_input);

oooQ0 OOobobObhOoOoboOooobDOoobbDOobDDbDObOObObOOO VLS
gbodoboobboboobboboobbbobobbobOoobbo
MU200-VENCOOOO NTSCOOOOQOODODOOOOOODOODOOO
O0D0OO0OO0OO0O0OMU200-VENCOODOOO 15000000 1.280000
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0 1.5: MU200-VENC OO O
oooo Oo0o0oooooooooooooooon
Oo0ooooooooooooooooooog
oood PowerMedusa 0 0 00O
NTSC/PALOOOO0OOOOOOOODOOO
od MU200-VENC
ooood 240000000 (0D)
DSOIR-240R(OO0C000O0O0ODOO0ODOODO ODOOD)
ooood RCAOOOOOO (NTSC/PALODOODOOODODO)
SO0 (MiniDind NTSC/PAL Y/COO)
oo DC+5V (D OO 1.3A)
ooobooo 165x150x17mm
oo 24000 RGBOO (OO0 TTLOOO)
ooooooo 16000 YCeCbODO (DOOO TTLOODO)
(0000DO0oDooooon)
NTSCOOOOODODOO (D000 7Q00 1Vp-p)
NTSCY/COO (D000 75Q00 1Vp-p)
ooooooo NTSCRGBOO (DOOO 75200 1Vp-p)

PALOOODOOOOO (0000 75Q00 1Vp-p)
PAL Y/COO (D000 75000 1Vp-p)
PALRGBOO (0D OO 75Q00 1Vp-p)

ooooooogoIc

Brooktree 0 Bt856
(b/A0OVy/COO0O,000)

oo0ogogooogIc

ALTERA O EPF81500AQC240-4
ALTERA O EPCI1PC8
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SETTETETETT CTTHErNSREETR =

O 1.28: MU200-VENCO OO

00000000 O0oDOOoMU200-VENCOODODOOODODODODDOO
process_receivesignal 1 00 0000000000 OOO0OOOOOOOO

static void process_receive_signal( uintl VENC_CLKx1_OUT,
uintl VENC_CLKx2_0UT,
uint8 VENC_R,
uint8 VENC_G,
uint8 VENC_B,
uintl VENC_HD_OUT,
uintl VENC_VD_OUT,
uintl VENC_FE_OUT,
uintl VENC_ACT_OUT){
static UWORD x=0;
static UWORD y=0;
static uintl last_HD
static uintl last_VD

1;
1;

X++;
if(last_HD==1 && VENC_HD_0UT==0){ x=0; y+=2; }
if(last_VD==1 && VENC_VD_QUT==0) y = VENC_FE_0OUT==0;

UWORD xx = x-X0; UWORD yy = y-YO;
if (xx<(X1-X0) && yy<(Y1-Y0))
s_received_image_bitmap[ xx + yy*s_received_image_pitch ] =
RGB(VENC_R,VENC_G,VENC_B) ;

last_HD
last_VD

VENC_HD_OUT;
VENC_VD_OUT;
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X0, Yo o
A A
frame memory matching
buffer 0| [ buffer 1 matching controller
A A A
image \ \
frame difference
selectof] A A
g(x.y)
! > input template
—»| center of gravity p—0 buffer || p-6 buffer
| S
v 0
atan
Xy A

scan controller

one-sided Radon
transform

0 1.29: 0000000

1.5.3 0DO0O0OU

gobboooobo1l290bobooooooboooooboobon
z0,yo 000 a0 00000000 OCCOOODOOOO0DOMU200-VDECO
gobooobooobooobbbobooboobooooboboon
oooobDDbObOOOoOobo24000 YCeCobOOOOOooooooooo
goooccbooooobooooooobbooboooboouoobooo
0000000050 200000 CycleCOODO OO OSystemCompiler
O0OO0O HDLOODOODDOOODOOOOD FPGAOODOODODODO
OO0O00o0oooooobooMU200-VENCOODOO NTSCOODOOO
gooaobooodabdgd
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() (k) (1)

O 1.30: FPGAODOOOODODOOOOOOOOODOODOO

93
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FPGAOOOOOOOOOOOOOOODOOODOODODDOOOO 1.30
goboooboboboobbbooboboooobooooboooooo
vboogobboobouabooagboooobbuoboodobbboooga

goo
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1.6 0OO0OOO

OO0ooOOFPGAOODODOOOCOOODOOOOCODOODOODOODOO
Oo0Ooo0ooO0oOooOoOO0oO0O0ODOCO0ODOOOOFPGADO
000000000000 00O00D0O0O0DODO0O0OO0FPGADODO
goooopobbooobooobobooboobooooobboobood
oboboboobuooogobbobobaboboboboooobooo
gobobogobooboobobooobobobobobooboboobd
gbooboooooooobobboboboooboobooooooon
ooooboooooooboooboboobbbobboboboobon
gooooooobooobooooooboooobobobobobobo
O0000C00O00D0OD 10 [degree] 00000 O0O0O0DOOOOOOOO
Oo00O00ooooooooOOoooooooooooO0oOoO0g FPGAOO
gbooogoboooobooboboooboboboobbboobbobg
goobogobobobboboboobooobod

000000000 l)0000DU0O0D0ooOO0ooooUooooOooO
00002)00000000000000000OOODOOODODOD
ggoan
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FPGAUOUOOOO ADM-XRC
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With parallelism
pl=r1*r2

Without parallelism
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.
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data (@] ()] data

Clock 1 Clock 2 Clock 3 Clock 4 Clock 5 Clock 6 Clock 7

-

Clock

0213:40000000000000

ooooooobooboobbioo XilnxOOODOOODOOoooooo
gobooooooooooobobobobooobobooooo IpoDO
goooboooobooooIpOoooobooooboboooobobogo
gbooobuobobooobobooobboboboouboooobd
ooooboobooobo PO bbooooobooobboobooo
FFTOOODODOOOOOODOODODOOOoOoooooobooboooboboo
oooooboobobbOdeoMHzODDOODOOOO VEADLOOODODO
obobogbbOOsquareroot IPOOO0OOOODOOOOOOOOOO0OO
gogooooogon

ggodgoob boboboooobobuooboobooboooooood
goboooo-0bobobobobbbdoobboobbooooobooog
gboobobooboooooooboboboboobbbbbobbbobd
goboboooobogoboooobobobbbobobooboooon
vboboouogouuoooobbouoboobbooobobobod
gooobdouobooaboobobooboobooooobooood
goboobobooobooboobooobbooboboooon



020 FPGADOOOOOODOOOO 83

gooond

Ooo0oO00o0oOoD20000 RAMODOOOODOOOOO 200 2
goooOooDOoOoDOoOoOoOoOoOOCOCOO30000Oo RrRAMOOOO
oooboobooboogoobooobo 214bb0b000boboooooon
gboooobobobobooooobobbboboooobooooog
gooobooooobooobbobboobbb bbbobobd
oooo90D0o0O0oOoDOO0ODOOOOOO0 RAMOOODOOOOO
O01000000poooooooORAMOOOOOOOOOODOOOO
gobog2e6000 26000000 10000000 00000000
ooob0bbO1o0ooboooboboobboog2e+8=264 00000
gboobobooo0o0oooooboono1oobon 256x9=2,304 000
gboooobooboboibbobooboobooboooooooboboooon
gbooabogoboobouobbobououooobobboboaoood
gooooobbobooooooon

Set read address of Extract real part of
ot I delay I delay IRS‘*’ out da’alI g | pi=r1er2
Extract imaginary pl+p2 ! |
patof daal (1] | pd=j1%j2 ———— !
— [end control of result | Set result data]

N\ —r 1% data |
[SawleaddesolI delay I delay IReedoutdalaZIE”z;ﬁ,gfm' p3=r1*i2 o~ i i

—rO%i
Extract imaginary p4=r2*il | |
| |
J |
Caliculate read
address
\ d
! |

partof daa2[i2] )

| | | | | d

! ! ! ! ! ]

| | | | | | | |

Clock 1 Clock 2 Clock 3 Clock 4 Clock5 | Clock6 | Clock 7 Clock 8 Clock 9

Clock

021400000000

243 00O0ODODDOO FPGADOODOO

gboobooobooboIlpOO0OVHDLOOODODOOODODOOD
00 Handel-COOOOOOOOOOOODOOOODOOO Handel-CO
gobooobooboooboobooobooon

OOODLLOOOODOOO00OOO00OD Handel-COOOOOOODO



020 FPGADOOOOOODOOOO

84

0000000 toplevel 00O 0OO0O0O0OOOVHDLOOOO (O 2.15)0
00000000000 S0MHzOOODOOOOPCIOODOOOOOO
goooobo4o0MHzOOODOOOODODOOOOOODODOOOODOOOOO
OO0 pCl0DO000000O0O0ODO0OODDOOODOOOOOOOODODODOOOO
00000 FIFODODOOODOODDODOODOOO0O0OOOO0OOODOOO0OO
0000 /o00000000000000 RAMOOOOOODOOOO
000000000 RAMOOUOODOODOOOOODDDODOODOO
guopodouogooooobogouooobooobaoboooabod
OO0 RAMOOODOOODOOODOODOOOODOOODOO Virtex-EO O
000000 DLL(Delay Locked Loop) D 0 OO OO

([ Inside of the FPGA]

Matching

To external
RAMs

\

To RAM #0, #1

Clock
DLL

To RAM #2, #3

Clock
DLL

To PLX9080
L FIFO
-
Clockl PCI Control
0ocCi
(from 25 to 40MHz) Module FIFO Module
i
Clock Domain 1 ]
................... )
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Gauss Laplacian filtering
1D forward FFT (row)
1D forward FFT (column)

Polar transformation of power spectrum
1D forward FFT (theta)
Multiplication
Calculation of¢rotation angle
Rotation of 2D spectral plane
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oooooOoOoOoooOoOooOoOoUoooOoooooooOooDooooo
0000000000 o00000o0oo00oooooO0ooooDoooo
000000000000 DO0ODODOOOO0OOoOFPGADODODOODOO
0000000000000 0O0000ooObOOoODbDbOO 2300000
oooooooogo21robon

000000 (33msec)) 00000000 ODOOOOOODOODODOOO
00000000000 00000O00O0O00D0O0O0000000 33[msec]
O00000C0O0DO0ODODOO0OO0OODMADOD FPGAOOODOO PCI
00000000 60MHz] OO FPGAOOOOOOOODOOODOO (O
000 27msec)) 00 000000000000 0OO0OOO0OOOOOO
O0Oooo0oo0oooO0oooOo0ooooocoO0OoooDooobooooo
0000000 OoSOhOOO0ogpoOoooSoboooooooOoooo
0000000000000 O0OWindows NT Embedded 4.0(Standard No
Network, No Page File) D000 0000000000000 OOOOOO
0000000 33[msec]0000000OOOOCOOOOOOOODBOOOO
0000000000000 0000000O0 66[msec)0 000000

ooooboOoOobobo218000000DO0O0000OO0OObDOOOOoo
0000000000000 0O000000oOooooooooooDgo
o000 FPGAODODODOOOODOOODOODOOOOOODOOOCOO

0o oog
FPGAODOO OO ADM-XRC | ALPHA DATA parallel systems
0000000 Meteor II/MC Matrox

0000 Precision 340 DELL
OS Windows NT Embedded 4.0 Microsoft
OOoo00O cCbuono XC77RR SONY

02300000000



020 FPGADOOOOOODOOOO 91

FPGA Proti i 1);
Video Camera; PG vog’\al_n)?éxgar d (PCl);

XC77RR

DMA transfer
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o
MeteorlI/MC access
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(PCI)
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Host Computer Board
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(a) Reference image

(c) Result of aignment
using matched filter

Segmentation for character
inspection

Deformed pattern
3 matching
(d) Reference_image for (e) Detection of corrondence
inspection points
(9) Result of rigid (f) Result of deformed
pattern matching pattern matching
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Mathced filter

=

(a) Reference image

(b) Input image

+

(c) Result of alignment
using matched filter

Segmentation for character
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§ i matching
_|[||[|[] ][ll-]|]||]|__ ] [ ‘-
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(9) Result of rigid (f) Result of deformed
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