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Fig.3 Extraction of mono-spectrum marker from observed images.
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Apply by
xp = threadid.x; yp = threadid.y;
sum0 = 0.0;
for xw,yw in filter Window
sum0 = sum0 + s[xp+xw, yp+ywl * blO][xw, yw/;
end
s0/xp,yp] = sum0;

Detect marker candidate region-
xp = threadid.x; yp = threadid.y;
markerRegion is null
foriin1ton
sum = 0.0;
for xw,yw in filter Window
sum = sum + sO[xp+xw, yp+yw] * bli/[xw, ywl;
end
if abs(sum — slxp,ypl) < th
markerRegion = markerRegion + (xp,yp)
end
end
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Fig.4 Pseudo-code for detectiong marker candidate re-

gions.

. 00booooon

gooooo0ooOob0OoODHFOOODOOOOOOOO
SOoo0d0oooooOoooooHOOO SOoooO2.
oboooobobooboobobooobooboooooonn
gboboooooboooooobooooooboooo
oboooobooooboboooboobooooooDn
gboobooboooobooooboboooooobo
gboooobobooobobooobobooooobn
ooo

{zp |V, € window(zp), s(x,) > s(zq)} (6)

gboooooboooboobobboooobooogoo
oboooobobooobobooobooboooooonn
oboooooogo

gobooooooOooobooGepUOOODOODOO
ubooooobooboooooboboo

4. 000000000
goboboobooboobobooboobon

gbooooboooobooooboboooooobo

goboboooboobooboboobooboon

0000000000000 00000O0O0UOARToolKit
gboboobobooobooboooobooooboon
obooooo30boboooooboboooobobooon
gbobooboboooooboooobooooboon
ooooobobooboboooboobbooboboooD
gbooobOoboooooboooobooooboon
oooooooooon
gboocooOoboooobooboooobobooooan
oooooooobooboboooobobooboobo
obooobOoboooooboooobooooboon
oooooobooobooboooooboooooboon
obooobOobooobooboooobooooooon
gboobooboooboooooobobobg3x3n
obooobooboooooobo3x3boouoouonb FOoon
gboboobOoboobooboooobooooboon
oboooboobooooboobooooboooooboon
gboooooboooood

5. 0 0

gooooo Q(b)DDDDDDDDDDDDDDD
ARToolKit OO OO OOOOOOOODOOODOOOOO
0 Logicool 0D OOOOODN Qecam S7T5000 00000
0640 x 48000000000 1sfpsO0000DODOOODO
O0O0000CPUO Intel Core 2 Duo 2.66GHzO GPU O
NVidia GeForce GTX295 896MB O O OO OO OOO
00o0ooooooooooooooooooo 200
od0odoodo220000000000o0o4goo
0000070000 1000 10000000015
ogodo3loool1o0oooooooooooon
ooooooog

000D000000000000000 st =
0,---,N)OOUOUOOODOOOOODOOODOOOOO
gdoboodouooooouoobooouooboooao
odd0ooodUuooooUuoooooooooooo
ooo

od000o0o0doU0ooooUoooogooooga
gdob0oooouooooouooooooobooooao
00 sp(zp,t) 00s(xp,t) 0000000000 OODO
ooo0oooooooooooooooooooooon
goao

S s(ap, w)eap(—di(t,u)/o?)
sp(ay,t) = =0 (7)

Z exp(—dy(t,u)?/a?)

u€Nt)

d(,)00000000000004 (1) 00000
000000000000000000000000
dy(t,u) = ||t —ul|, Mt) = {t,t—1,--- ,t—30}0 oy = 1.0
oooo

000000000000 sp(xp,t)00s(z,t) 00



oboooobooooboobooobooboooooon
gboooo

Z s(zq, t)exp(—dy(xp, xq>2/‘73)
g €ENxp)

Z exp(—dy (wp, 24)*/03)

zq€EMap)

SD(aj;Dv t) =

(8)

d,(,)00000000000.4(x,) 0000000
00D0000D000000 Ddy(ap,aq) = |z, —
zgll, Maxp) = {z4lds(zp, z4) £20}00, =6.70000
goboboobobobooboobobsgbedn
000 5(a)00 6(x)0000000000000000
0000000000000 0O00goon ARToolKit
oo ooooooon
goboboooboooboobobboobooobooo
goooooooooood
O5(Mb)000000000000O0O0O0UJARToolKit
goodooooobuoooooobooooooon
goododooobbbbobooooooouooobbog
gobobooobooboobobooboobooo
goboboooboooboobuobobobooobooo
gobbooooouoooooooboobooooooo
goooooooobooooooooboooooon
0000000 100000oo0ooooooo s(e)oo
gooooooobuoooooobboooooon
000000000000 0OARToolKitOOOOOODO
goodooooobuoooooooboooooon
0000000000000 0000ARToolKitOODO
gl ooooooo
gdbobobooboooboobobbobooobooo
00000000000D000 ARToolKitODO OO OO
goboboboboooboobobobobooobooo
gobobooobooboobobooboobooon
00000000 DO0o4.200000000 ARToolKit
goboooooooobbobooooooobooobooon
5(d)000000000000O0oUooOooOooo
gbooboooooobooboobobooooobooooog
goooooooooooooboobobobbboboog
gbodboooboo320x2400 00000000000
goodoooooboooooooboooooon
gdbooboobooboobooboboobooo
goodooooobooooooboboooooon
000 5(e) 0 ARToolKit OO OO OOOOOOOOO
00000000 500000000000 oooo
goodooobobooogoobboooooon
gbooboooobobooboooobooboooooooog
ARToolKit OO DD UODOOOODOOODOOOODOOODO
ggbobooboobooobuooboboboboobooo
00000000000 OoO0oOoondonARToolKit

01 000000000000000 (ms/frame)
(00000000 0O0O0UDOODOOoUOOUOOoD)
Table 1 Errors and processing time (ms/frame) of marker
detection. (*: Not included frames in that markers
could not detected.)

Resolution of images
640 x 480 320 x 240

Ave. | Var. | Time | Ave. | Var. | Time
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Fig.5 Experimental results of marker detection for blurred images.
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Fig.6 Experimental results of marker detection for defocused images.
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