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(b) rotation g

(c) translation go (d) planar motion g3




R(gl(p,0) = / g(& cosf—psin 6, & sin O+pcosf)dE.

Ro(p,0) = R3(p —dosin(6 — 3),0 + «), Vp,8.
trangation rotation

o0 2
F(f,0) = / R(p,0)e™dp| .

oo

Fo(f,0) = F3(f,0+ «), Vf,80.

rotation
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Ulgl(p,0) = ] g(&cost — psind, Esinf + pcosb)dE.
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Us(p,0 —a) =Us(p — dgsin(0 — 3),0),
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Algorithm 1

Step 1 Compute Usampie(p,0) and Ujpput(p, 0).
Step 2 Compute Fsampie(f,0) and Finput(f, 0).

Step 3 Find 0s4mpie and 0y, that minimize

” FSH-'?prﬂ(fﬁ QS{INIPEE) == Fiﬂ.put(f, Qin-pu.t) H

Step 4 a = 91’71put = 95(1??13}!6
3 = Qinput i ?T/Q

Step 5 Find dy that satisfies
Usampie (ﬁ',_ qu..mpfe) — Ui.np-m’,(,ﬂ + d, Qinpuf.) \71,0-



Algorithm 2

Step 1 Compute gravity centers Gsampie and Gipput-

Step 2 Compute Uggmpie (P, 0) and Upnpui(p, €)
around individual gravity centers.

Step 3 Compute Fsampie(f,0) and Finput(f, ).

Step 4 Find «a that satisfies
fqn.-m,ph-? (fa 6 — ﬂ*-) — Fiﬂp-ut (fa '9) \:‘{f 6.




Algorithm 3

Step 1 Compute gravity centers Gsample and Ginput-

Step 2 Compute Ugampie(0,0) and U;pput (0, 0)
around individual gravity centers.

Step 3 Find « that satisfies
Uﬂﬂ.m;rﬂe({]g 0 — ff) = U;r'.-np-“,f (U 9) vo.




* Algorithml

6.24sec
« Algorithm2

5.92secC
e Algorithm 3

34.2msec



0]
20[pixel]
Y 10[pixel]

(X) (Y) (deg)
Algorithm 1 19.6 9.99 30
Algorithm 2 13.6 18.9 30
Algorithm 3 13.6 18.9 30




0]
20[pixel]
Y 10[pixel]

(X) (Y) (deg)
Algorithm 1 19.6 9.99 30
Algorithm 2 20.1 10.1 30
Algorithm 3 20.1 10.1 30
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(a) triangle

-

T3

(b) square

act. [ meas. [| error act. | meas. [| error
0° 0° 0° 0° —1° —1°
30° 30° 0° 30° 30° 0°
60° 61° 1 60° 60° 0°
90~ §89° —1°
(a) triangle (b) square
act. | meas. || error act. | meas. || error
0° —1° —1° 180° | 171° —9°
30° 29° —1° 210° | 206° —4°
60° 58° —2° 240° | 239° —1°
90° 85° —5° 270° | 266° —4°
120° | 114° —6° 300° | 297° —3°
150° | 140° || —10° 330° | 326 —4°

(c) curved
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FPGA
Field Programmable Gate Array

Xilinx FPGA APEX 20K
20K 200

50




HDL
Hardwar e Description Language

module SELECTER (A, B, SEL, OUT)
input A, B, SEL; Verilog-HDL
output OUT;
assign OUT =~SEL & A | SEL & B;
endmodule



C/C++
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RTL
C Level Design Co.Ltd

FPGA



- CycleC
Visual C/C++ compatible

PC
HDL
 Handel-C
C + Occum (par, alt, !)
CSP
RTL FPGA
e Systam C

e SpecC
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initialize array U (0, pp)
for (i,7) = (0,0),(0,1),---, (W —1,H — 1) do
compute x; ; and y; ;
for k=0,1,---, K — 1 do
0. = kA, Cp. = cosli., Si. = sinl,.
§ =1 ;Ck + Yi,j Sk
p= —Ti;jSk + Yi,;jCk
if £ > 0 then
h=p/Ap

increase U (0, pn) by pixel value g; ;

end

end

end
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original

parallel

actual || computed | error || computed | error
? —-1° | -—1° —2° | -2°
30° 30° 0° 30° 0°
60° 64° " s 64° 4°
90° 93° 3° 93° <
120° 122° 2° 119° | —1°
150° 148° —2° 149° —1°
180° 181° 15 180° 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°










angle [degrea]

4 5 B a3 4 5

tima [frame] tirmu [Fraarmae] tirma [frarma)

x |plaal|
angle [degrea]

tima [frame] fima [frama] timme [frame]




CCD
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FPGA Xilinx Vertex-E 2000
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Vertex E-2000

PC interface




Cycle C

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

};

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; }
y =reg,



CycleC
CycleC
SRAM, Video Encoder/Decoder

RH-5AHS55, PA-10
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