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000000000000000000000000000000000000000
0000000000 00000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000 000000000000000000000000000
0000000000000 000000

00000000000000000000.

IF (A) and (B) and (C) , THEN 000000 af(t)

g3s50000000b00boonoooonogon



54 030 000000000CCDOOOOOOODOO0OO0O000000O00000

(4):DGBIi, j1; (B):FBLK i, j1 (C):DBLK [i, /1,

ol 3 10 block(®) 0 | block(s block(s

U3sgbobooboboobon.

U3l gbobooooboooboooooooooooooooon.

©)
HS | HM | HB
KS | 00 | 0.1 | 05
JS | (B)[KM| 04 | 06 | 09
KB | 0.7 | 0.85 | 1.0
KS | 0.20 | 0.40 | 0.60
(A) | M || (B) [ KM | 0.40 | 0.60 | 0.80
KB | 0.70 | 0.80 | 0.90
KS | 0.05 | 0.35 | 0.65
JB || (B) | KM | 0.45 | 0.55 | 0.75
KB | 0.75 | 0.85 | 0.95

000000000000300100000000000000000000000
000300000000000002700000000000000 «(001)0000
000000000000 Min-Max0OOOOOO0O00000000000000 [57).

000000000
IFOO0OO0O000000000000000000000 (JS)0000000000
(KB)DOODDOOOOOOOOOOOO (HB)O THEN 00 (1.0) 00

IFOOO0OOOO0000O0000000000000 (JB)00000000000
(KS)DOODOOOOO0O0O0O0O0O0000 (HB)O THEN 0000 (0.65)

000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000
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gobobooobooooboboooobobooboboooboobobooboo
gobobobobobobobobobobobobobobobobo,b0bDbobooo

goboobooobboooboooboooboobooobobo

6. UUOooooo

Jooooooooooooooooooooobbbbbbbobbbbbbbbbon
0000000000000 000000O0DOO (MA:Moving Average) 000000
(EMA:Exponential Moving Average) 0 0 0000

o000 EMAOQOOODOO

EMAOOODOOOOOOOOOOOODOODOOOOOOOOOOoOoOoooOoOoOOoOg
goboobooobooobooo

EMA(t)0 EMA(t —1)0B(0(t) — EMA(t — 1)) (3.7)
00000000000000000000

e O(t): 00 t0D0DODO

e EMA(t): 00 t0 EMA(DDDOOODO)

e 3:00000 B=2(n+1) (00 401)

en: 00000

OO00OoOdO0EMAOOOOODOOOOOOODOOOOOOODOODOOOODOOO
goboboboboboboboboboboboboboobooo

EMA(t)0 EMA(t — 1) 0 B(O(t) — EMA(t — 1)) (3.8)

000000000 p0O000O0DOO0O0DOOO0OO0

B=dm(t)+2n+1), mt)={0t) —0@t—2)}/3, dm(t)=m(t)—m(t—1) (3.9)
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: o 3 B R —

resultave.dat’ —— [ —
resultavel.dat’ —— “LEMA.dat

— EHEMAGBT L—L) — SHMEMA(3 T L—L)

JL—L4

03.6: 00000000000 (a) 00 EMA (b) 00 EMA

00 EMAOOOOOO (ModifyEMA:MEMA)OOOOOODOOOODOOOOODOD 3
0000000000000 000000O000O0UO0OUOO (om(t))b00DDOOODOO
gobogboobooobooboobboobuooboob.boobbbooboo
ooooOooooOoOoOooOo0o0obOOo0o0obOOo0oobOoOoobDobo0oo0 MEMAODODO
goboobogbo3sepoboobuoobooobboboboobuooboboobg
0000 (EMA)ODOOOOOOODOOOODOOODODODOODOODOOOODOODODOODOO
000000000000 (MEMA)OOOOOOOOOOODODOODOOOOOO

goboobooooobod

gooobooboboobobobooboobobboboobobboobooon
gboobuoboobobobuoobobobboboobooboboobodong
goboobooooooboooon

000000000000 3.7(a)0000000000O0O0OO0ODOOO0OOOOO
gbobobo1l1boboobogoboobobobboobOobOobOOobObOOoOOooooDoOon
gbobooboooboobooobooboooboboooboobooonoo

0000000000000000000000 RGBOOOOOOOOO 3.7(b)0O
RGBOOOOOODOOOORGBOOOOODODOOOODOOOODOOO 3.80
god
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fElRE fERE
1 0

fERE

255
R G BiEE(E

(a) (b)

0 372000000 () D00O0OOODDOO (b)DOOODODODO RGBOOOODODO
go

U 38 boooboobooobboonouooboobooon.
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7. 0goooog

oooooo Trcooooboooooobobo 22000000000 TTICOOOOOO
goooboooboobob 2b000b00bobobbobooboobooobooboo
gbooooboogoboboobobooogboboooboobooooboboooobobo
0000000000 [foobo0o00 310000000000 ODOOO0DDUOUBboODOO
gobooboobbooboobbooboobboobooboon

gobooboogoboboooobooboboooooboboobooooboboo
gboboobuoouoobooboboobobobooboobooboboobooong

goboobooboboobooboooo

A  FBLK,
TTCerf%——f—l
a4 " DBLK;

(3.10)

3.3 Uoonoooon

ugboobooboobooobooboboboboobuoobooboboobaan
0000000000000 00OMalib [58]0 OpenCV [59] 0 00 OO OMalibO OpenCV
gboboboboooboooooooooooooooooon

goboobogbooo

03900b0ooobooboboooboobobooboo32000b0b000oDoOon

3.3.1 0OU

00000000000000000000000003.10000000000000
0000000 ImO00000 20em/sec0000000000000 3.10(a),(b),(c),(d)
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000

gooooo
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(a) Logitech qv-4000 (b) mi&HI

039: 0000000 (000000 (b)00D0

0320000000000

WebOOOOODO Logitech qv-4000

gooog CCD
gooog 33000
VGA 640x480

goooobogn 00 640x320 O
goobooboogoo 00O 1280x960

gboogoog 320x240(QVGA)
gboogoog OO0 30fps
goo 44

gboogoooon YUV
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(c) (d)

0 3.10: 0000000000, () DO0O0OD0O0OO (b)DOODOOOOO (c)ODODOO
0000 (o000 00 (00:00,00000000:0,000000:0).

3.3.2 UUOOO0O0OOOOOO0

0000000000000000000000 2mO0000 40cm/sec000000O
gboooboobooobooobog siio3asboonoooobooooboobooon
gobooboobboooboobooo

0000000000 (0 311)00000oooooooooooooooooooOoo
gbooooboobboboboobobobobooooboobooboooobooboooobobo
gboboobuoooboobobbooobuooboboboboobooboboboobooong
gobooboooooo

000000000000o0o000 (0 31200 3.13)0000000000O0O0OOO
gboboobuoobooobobooboobooboobooboobobooboong
gbooobobobbobobooboobobooboobooobooboobooong
gboooboooobobooobooobobooooboboooooboooobobo
goood
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(e)900000 (j) 1800000

0 311: 00000000000
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(c) 600000 (f)y2100000

U 312 00000000000an
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(b)300000 (e) 1500000

(c)600000

U 313:000oboo0oooaooan
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U314 00000o0oogooooooooooo.

3.3.3 0OU00O0ooboon

gboboooboobooobobooboobooboobobobob 3.40booboooo
goboobooobboobooboboobooo

e ACIOOVOUOUDOUOUOUOUOOUOUOOUOOOOODOOOOOOOOO
e 00 16cm IO

e JOIDODO 50cm

e J0ODO 0.5m/sec

03.15(a)000000000000O00OOOO0ODOO0OOO0O0O0OOOO TTCO 700
O0O0TTCOO000 (B, = |r*—7|)0 E, = 0.11454(sec), 0000 (B, = |7* —7|/|7])
O0FE,=15545% 00000000000

0315(bh) 000000000000 O0OO0OTTICOOO0OOUUOOOOOODOOD
(Eq =|m"—7|)0 E, =0.0535(sec), (B, = |7*—7|/|7|) D0 E, =12.976% 000000
gooon

gbobooooo200000000000000000b00bO0b0DbODbOnD
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TF 35 ' Rough TIC ant 3¢ Vi i Pt Ted %
* r%\X\T\T)‘(\X\eX\X | 08 " % } X«X
b 3
5o A 3o E(: X‘*x
] e T ) 4
it T W S AN
&Ko K AV
) 0.4 \\/ A X ; 3/\
B5/(sec) BFf(sec)
(a) (b)
0 3.15: 000000o0o00a0.
033 100000000o000gao.
100o0o00ooooooo.
10000000 11.47ms
goooon 8.3ms
godooooooooooon 1.8ms
oobooogod | 16.9 usec
goooon 1.35 ms
godooooooooooon 2.1 psec
gooogno | 17.8 usec

3.3.4 0000

g3s3tggbobooboobobooboobbobobooboilooobobooboan

0000000000000 00O0Intel PentiumM 1.8GHz CPU(Vine Linux 3.2) 0 PC

0000000000000 0000000000O000000 11.47ms (87 frames/sec)

o0o0Oo00bDO0o0o0ooOoUobOOOoOobDOoOOoOoDoO sofpsd0OOOODOOODOO

gobobooboobobooboboobooboboboboobooooboong

gobobooboo
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3.4 00O

Ug3goobobobooooobb20bb000oooboobobooo 200000000
goooboboobooboobooboobooboobobobobobooooDbg
gbobogboobboobooboooo

00000pooo0ooQvGAODODOUOOOoOOoOoOOoUOOoDooDOoUoOooooooooDoo
goooboboobooboobobboboobooboboboobobooboonbg
gbobogboobboobooboooo

gooboboobobobooooooooobooobobooooooooobooooooooooon
gooobooobooboboobooboooobobbobboobooboobobg
gbobodbgobobbobuoouooboboboboobooboboobodndg
gbooobobooooboboboobobooboblooboooobooobobogonoo
goo

gbobobobobobooboooobo

l. JobboobooobooobobooobbooboooboboooboboooooDoo

ubbgoboodan

2.000000000DOO0bOO0ObOO0bLOobDO0ObObOobO0bOobOooobOooLDoog

gbooboooooooooogoog

. Uubboobbooboobboobuooboooboobooboo
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40 0OO000OOOOOO0O0OO0O0OO0OO0
guoguod

obooboobobooboboboooboobobooboboobooobooboon
gboboobooboooobobooooobobooooboobooobobooooboDbo
gboboobobooooobobo 2000000 30b00b0obooooooboon
goboboooboobooobobooboobobboobooboobooboooobognog
gbobobobobooooooooooooooog

4.1 0OO0OO0O0OO0OOO

googooogboooboobooobooooobooobobboooboobobobo
goboboboobobooboobooboobooobooboooboooboboooonoag
0000000000 Sandini (5100000000000 0OOOOOOOOO0OOO
gboboboboboobobooboobooobooooooooooboobobobonDo

0000000000000 000000000000000 [0joooooooo
00o0ooboo0ob0oboboOoobobUnd DivergenceUDUODOOODODODOODO
000000000 20000 p3)00000000D0O0000UOO0DOO0OOOUOO
gbobobobooboobobobooboobobboboboboobooobooboooonogd
goboobogb. booboobooobooboobooboooobooboooo
gboobooooobooboooooboobooboboooooobobooooboDbo
gooooo

gboooboobobobooboboboboobooboobooboobooboon
0000000000000 00000O00Dn 400000 ()OO OoO0oOooooo
gboboboobobooobooboobobbobobobobooboboooboog
gobobobooboooboooboobobooboobooboboobooboong
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INRIFEE O AWITH
USB~7—7 )L > J—kPC
ERIES
-E{RNE
fEREE T
-ERHES
- o JELAN
EIEHESIESD

041000000

gbobooboooooooooon
ubooboobobooboobobobooboobooobooboobooobaon
goboobooobooooon
oooooooon

e JJ0O0OUOODOOOOUOUODON,OFFOOOO
e NUUOOODODOOODLOODLOOODLOOOLOOODDO
e JJJ0O0DDODOO(RGBOOODODODOODOOODODOOODOOODDOD

goboooboogon

4.2 000000

00000000O00DOo0oo0oobD 41000000000 00DOO0O0O0O00O00OO
WITH (0 42)000000000000000 WebOOOOOOOOODOOOOO PC
0000000 OWebOOOOODOODOODODOOOODOODOOD PCOUSBOOODO
0000000000000 000O0O00bOO000ooOoOO0ooOoogoooooooo
0000000000 00000000 LANOODOOOOOO PICODODDOODODOO
oooooo

O0000000000000000 WITHO O (Wheel type small mobile robot platform
for IntelligenT beHavior) 0000000 41000000000000
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042 00000000 WITHOOOOO

0 4.1: WITHOOD

Dimensions Hexagon 200 [mm)]
Ommi Wheel x3
Actuator Maxon 4.2[V] 1.2[W]x3
TOSHIBA TA8440H x3
Battery Li-Poly 7.4[V] 1350 [mAh] O
Duration 0.5[h]
Communication | EZL-80C (WLAN-Serial Converter)
Microcomputer MicroChip 0 O PIC18F8720
motion speed 20cm/sec

4.3 0OU

4.3.1 WITHOOOOOO(QOODO)

gbooobobooooboboooobooooboboooboobooboooboooboo

0000000000o0ooooooOoOooOoOoOoOOOOODOOOOO (Cooo+0o

000+0000)00000000430000000000000000000O0OOO

gboobooboobooooboooobobooooboobooooboobooobooon

0000000 (R:G:B)=(100-255:150-255:0-150) 0 0 0 O

gboboobooobooboobbooboobboooboobooonobooooon

(R:G:B)=(100-255:180-255:0-150) 0 0 0 0000000 44000000000000

gboboboboboobo
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2y

(a) 00000 (a)00000

B

(b)300000 (b)300000

(c)600000 (c) 600000

-

(700000 (d) 700000

i

(e) 800000 (e) 800000

043 000000000:.00000000000000
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2y

(a) 00000

ELE

(b)300000

(c)600000

(d) 700000

—%-!

(e) 80000 0O

044000000 (000)000:0000000000OOO0OO

(a) 00000

(b)300000

(c)600000

(d)700000

(e) 800000




72 040 000000000000000000000000

3m B

s
A7k k (WITH)
045 WITHOOOOOOOO
4.3.2 WITHOOOOOODODOD (OOOO)

gboooboobobooboobobobobobobooboobobooobooon
gbboboobuoobobuoobobboboobobbobobooboobbodoong
gboobooboboobooboboboobooboboboboobooobooboong
gobooboobooboobogbb 445000 300000000 00bLO0OnDO
gboboboobooboooooooooooogoDog

4.3.3 000U

gooboobooboobooooboo

e 0000 (WITH) 0 20cm/sec0 0000000000

gooooboobodn 0.3secdbd
e NOODOOODODO ugboooob 200emd0boooooonooOog

e JOODOO U0 23em000000O0DOODO

3mO0000 O 1lm/secO0OO0OO.
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0ooooooooooooooboooog3sooooooooooon
100o0oooooono o.60
2000000000 0.75
3000000000 15 (frames)

4.3.4 00

gboboobooobooooogad

OO0 A.OO00DOOOO0OO0ODOObOoOOO

0460000000046()0()0000000000000000000000O0
000000 (0:000000000000000)000000000 (0)00000
00000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000

00000000470000047()0(F)000000000000000000O0
0000000000 (0:000000000000000)000000000 (0)0
0000000000000000000000000000000O0O0O0O0OOOO0
0000000000000000000000000000000000000000
0000000000000000000000000000

048000000000000000000000000000000000000
()00000000000000(MO00000000000000000(M) 0000
0000000000000000000000000000000000000000
00000000000000000000000000
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(a)00000 (d)400000

(e)500000

(c)300000 (600000

1 T T T T 60

1 50

1 40

1 30

BRERE o

1 20

Time to Collision (frames)

80 100
frames

046: 00 A:000000000O00O00O0OOOO (DODODOOOUDODOOUOOON)
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(a) 100000 (d)400000

(b)y200000 (e)500000

(c)300000 (600000

1 T T T T 60

1 50

1 40

1 30

BRBERE o

1 20

Time to Collision (frames)

80 100
frames

04700 A:0000000000000O0O0OODO(OODDODOUOOOOOOOOO)
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048 00 A000000CDOOOOOODO. (aDO0OD0O0O0DODDOOOOOOOO, (b)
gobooboooboooo

o0 B.O0O0O0OO0OOOOOOOOOOOOOO

0490000000049()0O()0000000000O0O0OOUOOODDOOOOODO
000000 (0:booo0000b0DO0D0D000DO)L00DO0O00DUO0bO (D)ooooo
gbooooboobooboobobboboobobooboboooboobooono
gbooobooobooooobobooogboboooobobooooooobobo
gboboobooobbobooobboobooboan

obobooboobboobuooboboobbooboobbooo

oo c.0booooooobooooooobooooo

041000000000 4.10()0(f) 00000000000 OOOO0UOOOODOOO
0000000 (0:0oo000D0ooOoD0oooOO)0DO0O00DUOb0D (O)ooboo
gooo

gboboooobooboboobooboobooooobobooobooboboobobon
obooooobgobossbobobobooboboboooboboooboobooon
obooooooooobdbobooooooboboboobobooogobD 460b00O
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(a)00000 (d)400000

(b)200000 (e)500000

(c)300000 (600000

1 T T T T 60

1 50

08

0.6

047

Time to Collision (frames)

02

frames

049 00B:00000000000O00O0OOOOO(OOOOO)
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(a)00000 (d) 450000

(b)y200000 (e)400000

(c)500000 (600000

1 T T T T 60

08

0.6

RfE

& o4

Time to Collision (frames)

02

frames

0410: 00 C:00000000000000000000 (00000000000
ooo)
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OA00ODOOCOOOOOO0OOOODOCOOOOOOOOODOCODOOOOO

ubouboogubobogbobobuoobodbobooboobobobooong
goboboooboboobobooobobooobobooobobooobobooooboboon
gobobooboboobooboobobboboobobobobbobboobog
goboodgbooooo

4.4 0O0OO

40000000 23000000000000000O0O0ODODO0ODODODODO
gobobobooobobooobobboboobobboboboobooboobong
gboobooboboooboobgoooboboobsillioobooooobooooon
gboboboboobooboobobobobooboobobobooboboonoag
gobooboooboboobooobooooboon

gboboooobooooooooogoDoo

e NOODOOODO

e NOUODOOODODOODOOODO

e JOODOODOODOODOO

goooboobobobobooboboboboobobboboobooboboonbg
gboboooogobobooboboooboboboooboboboboboooobobo
goog
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gobooobooooboobooobobooboobbooboooboboooboon

g2000000000000000DO0OO0O0ODOO0ODOOOODODOODOODbOD
gobobooobooboboobobboboobobooboboobooboonog
gobodboooobooboobbooboobboooboobbooobooboon
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