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Abstract

With the increase of social concern about the disables and elderly
people, their participation in social activities is demanded. In this view,
motorized wheelchair system, one of the mobile robot, is necessary for
giving them better mobility and for saving them a considerable
physical. However, it still proves to be difficult or impossible to use
for some handicapped person. Therefore, the teaching method with
speech command 1s necessary to a handicapped person without hands
or a non-expert to generate the path.

This paper presents the design of intelligent mobile robot system
using a real time speech recognition in implementation of motorized
wheelchair. The proposed mobile robot system is composed of four
separated module, which are main control module, speech recognition
module, servo motor driving module and sensor module.

In main control module with microprocessor(80C196KC), one part of
the artificial intelligences, fuzzy logic, was applied to the proposed
intelligent control system. In order to improve the non-linear
characteristic which depend on an user’'s weight and variable
environment, encoder attached to the servo motors was used for
feedback control.

Also, in this paper, we design and implement a speaker independent
recognition system using TI's DSP(TMS320C32). This system uses

Hidden Markov Models for the designated command vocabularies to

Vi



control a mobile robot, and it has postprocessed by RBFNet(Radical
Basis Function Neural Network) to distinguish some fuzzy word
command well. As the spectral analysis method, we use a MFCC(Mel
Frequency Cepstral Coefficient) to extract the features of the voice.
The proposed recognition system 1is tested using 9 words for control
of the mobile robot, and the performance of a mobile robot using voice

and joystick command is also evaluated.
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| Yim(w) [*=| Sm(w) [* + | Dm(w) [* +2Sn(w) Dm(w) (3.4)
=| Sm(w) [* + | Dm(w) (3.5)

o] 714, 2 (3.6)3 7ol 7hA4 gt}

2Sn(w)Dm(w) =0 (3.6)
oF 4 (358 A BN A dee], o] 2nEY 3zl

e},

| Sm(w) [*=] Yim(w) [* —Pa(w) (3.7)

Pd(w) =] Dm(w)
2 B8l A= Mol d ARE YEd A ojr

S(w) =] Sn(w) | 0Ym(w) => Sn(n) = F ~{ Sm(w)} (3.8)

of W ssEY A7 WE Hwie ve 7@ #oe AnEed
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go 00
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B
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3

)
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0y

T

 ohe A (9% gol WEsh 289 AAEPY GyE
(ensemble) BT o $#HTH o1 Hw)E AU BE ADTF

= Aolg)

Hw) = P - Ps(w) {l Ps(w) >> Pd(w)
Py(W) Ps(w) + Pd(w) |0, Ps(w) << Pd(w) (3.9)
aglan, Pow)e ARE SANE AadEo i, Puw)s Fgol 49
SN E AaHET
gkeF 2l (3.9) A Pow)7F Pa(w)Bth 4 Aty 7HAsd 12 49
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i, b 2 Po(w)7F Pow) Bt Avta stopd 002 AdEy, a7 3.2

=9y WYl W BEEo|o)

Noise frame?

oo

z20| ZaE

S0 ZBE yes :

sgas_ 7727 ) Estimate Pd(w)

Ym(n)
SH+ESYA

no
- —»

Estimate Py(w) _l

S0l HAE
_ Pyw)—Pd(w) =N
y HW=—77T7—7"— |
Pyw)
ACHahA

SANEE Aeste EaAE Zddeld s, & T el £FH

e

A=

o] Y AFY AEFE ZQ Lol @E}BZ]B“. ZH Yo Aol A
=

Sl
=
X
rlr
%

malg) Abole] AL AFA AA BAse] AdE AEsgon

[kl

dds Az FEAA Zdd Atold A dole e E45 WA e

4>

fu
ol
N
do
:oé
&l
&
0o
ofy

A (frame blocking) & 2438 1w 5 o A

A gef okt

rlr
(0/¢)
3
e
[
o
ofy
Iz
>,
Y

- 21 -



321 AL

9 W2} 4(ZCR : Zero Crossing Rate)2 FA1 77 ) oA 13 o]

4 A (zero)F 3 watet= 4SS Lok o]ik AzoA AL HEY kol

FuALe FASY FALS Bl 4% FnE 9 &

Z, = Y- Isgnis (M) ~sgns (-1 (3.10)
[, x=20
sgn[x]—{_l B

322 Ad dquyA 34

SANTAA A AUAE FAFHG §A4& FiEo ang™ Ay
ol x| WAe =4 Short-Time Energy, Shor-time Magnitude 27}# "
2lo] gt} oy A E/ML o] 27 (discrete system)oll At 2] (3.11),
2] (312)2 Fojxlt},

5 :Z[S(”)]Z (3.11)
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N-

1
M. =
' ;Ia(n)l (3.12)

e
i
Fin

NAE 7 @ P A oA, 4 B1DES AHg ol

oo
oX,

A (detection) ol AFg-stdth. o714 Tt A9 AA= A=

olu} TA S PSPl

o,

SAAAE f 54 54 SAYHAE A8 7FATE AT 5ol A
Atgre]l A=E 2dg st A8 o5 (LPC : Linear Predictive Coefficient)

o Aol BAYE S AFGe] ARFo] H1, 25T BN

>

oue S5 A A% et 29 338 $AQ4E A% 49
A

=% % A~EYLPC & Cepstrum) A2l o] cpIIE]

—

) 2] gl 3} A] 2= (pre-emphasis)

$HNE se 2MERqew NEE FuA o7 AN A% 0
A8 "y e FaA
s =s(n)-as(n-1)  (0.9<a<1.0) (3.13)
2) 2dd T (frame blocking)

THAFA A AL AR s S(N)= N MZ5w A" Ty
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J =

F4 FAHs] ALYl Ne Zy

T A7l

ulla
fu
re
hiad
rot
[
=
julkes
o
<
=
e
il
X

0o
lo
¥
N
o)
K
=
flo
&l
v=)
0o
o

D 2l o ot Al A

V_(n)

N — )
N mae =3
X(n)

o o eE e

|IPJI{§EF—E/%* |
)

| Lpc &4 |

Cepstrum & &t

3 C(n)
ool E =3

3

rO

=g

2z de) Az goll Ao Adw
atm, F2 3¢ (Hamming) %7} Bo] A&
A (3142 Fd9

2/m
w(n) = 054- 046cos(——
(n) (N _1)

,  (0<n< N-1) (3.14)
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de FHow A (3159 2 o714 me A4S e

N-1-m

n(m)= > x(n)x(n+m) (m=0,1,.....p) (3.15)

n=0 ’

(

471738 EARE S AA Dozl pr1he AV E AFEEEH A

Hsl= Aol AE o= BEA34 o]t} Durbin

E©® = R(0)
i =1
WillEm(=""p)
{
R()= 3 a "VR(i- j)

{
(i) = o (i-1) _ (i-1)
ai’ =a; Kia ;5
j=j+1
}
E®=@0-k?)EU™V
i=i+1
1% 34 Durbin €318 F A=

_25_



Durbin &3 g5 A Axbs ol Uy &9 sl 4 (3.16), 4 (3.17), 4
(3.18)3} o] Ht},

a, = LPC _ coefficients = a,‘n")’ (1< m <p) (3.16)
k., = PARCOR _ coefficients (3.17)
. . 1-k
0,, =log_area_ratio _ coefficients = log mj
1+Kk,, (3.18)

4, PARCOR A4, =9 91 (log area ratio)AlFE Tt SA Ao %
st A wkek SAES VEA AL YT A gSHE PLEHOE

W sk A2 (3.19), (3.20), (3.21)8F o] .

=Ino* (3.19)
m-1
—a_+
o k=1[ J m_k, (I<m< p) (3.20)
m-1 k
fn = ;(chkamk , (m>p) (3.21)

7) 32t e 7} 3} (parameter weighting)

A A2ERD Algs AA 29 7|70 s Wiksta, 1k
2E] AFes Food MgseR os #43tetr] fs tEAE ol &
ok 7tEA dEE A (3.22)% 2t

w :{1+95in(mﬂ
2 Q ,  (1<m<Q) (3.22)
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o714 Qe A2EY AF022F AFE)olt

5o e EA WEHgzRE W ArEYH  AF(MFCC Mel-
. 32]-136

Frequency Cepstrum Coefficient)?} FE FAE=Z AF 59| o)t} (36]
o] F B =TolAe 2492 AlzdoA] 71 wol HExm e 4

< A5 EgA% Fago APHow Stk A @¥=Th Stevens$t

Volkman< 992 1KHzE 1000mel= A A s, AFFHE A A X F 3 X

7b 71 Fage] F o HEE HEAIA o] E 2000mel®= 7163

ol g Wy ow HAAl A FuFoh AAE Fuk Abolo] tf & A

g Tetdth o & #AE B 1KHz olstellA= AF A o2 1KHz ©

BeAXe dedos dedEe & 5 Avh B Fagiatolo] dis #HA
W

4 (3.23)9 2o

—_ I:HZ
F. =259909,,1+ 70c) (3.93)

ANA, Frol 2472t A 5] TR QA E Fahiolm, B A

Ao FoaE vERd
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37 1

1khz 2khz 3khz 4khz =q
=

+

9 AM~Ef L DFT(Discrete Fourier Transform) X+ FFT(Fast
Fourier Transform) =715 W3 F3bg Alo]o] tfg #A wel F 3t
F FolA 93 (warping)stel ole] ti5 #%E 9 DFT/FFTeto] 8ol A
142 A= AFE Feeh 17 3500 YEY 20719 A7t ol 95 32 E
£ ol&sted A HYZHE FHF 23 YA =Y Xtk W M

Ne ArER AFE 4 (324)8 o] vpehujo] oI

20
=23 X, coz{n(k —E)E}
204 2’ 20 (3.24)

o71M Co= w4 Zdde Hed odyYA= 2713 gholth

2) MFCC A= Azt

= BAE Fydr. B =R = FFTS AHgdlom, o]%F 20709 =
a3y W dy WaE AXed o W AEE e HEH = 19 359 YERY
At gSezE g3 34, DCT(Discrete Cosine Transform)E 7 A

A =W HF 1 ZddD 12 Asgol HeA dd. o o DCT= 4
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(3.24)° e ATt

IEBI%HH\IﬁI I YQPTW l
!
EFErsa | 12 MFCC 232t |
_l =
$M$Ttﬂ% | =m 4+ oe(ocT) |
IEEE

83 [CioglF ]

19 36 MFCC #&g Hxt

)

3.4 549A <y

3.4.1 WY fA3e 7|8

WE FAEE AFelEy 2 AAEFASY MFCC A% 5% o 43
of WEoH A HolBy PN FHNTEZHY FE2T A5
ALt A b FAE HelR RS d g Rl g
st #Hol g9 Aol K-means &iglFoly o]zl E dagFol
FEAGHY, B oA FAs HelBe AYey] AMA o E
o gungFe Agsgo ana vy g 2719 Mg 5122

< 0.000001, e(splitting parameter)@t< 0.0012 Z}

10
2
ol

ol

2
o

)
to

2

=

o

ZF AARYY. a9 372 WE FAste] Jld Eolt),
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& CIoIE DB
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4

0

(M=512)
M = 28 Vectors

!

da( ... )

alo

0x
1K)
Je
JE
Q

al

In
0z
it
0z
0x

a9 37 ME FAFY AA BEx

WY FApet L= O o] AR R
W, B EEdAE @ 9% 7
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i

=

-

=
;oE

o]

o} (splitting) <

=]
s

E]

gl

W]

duglFL 1749

Ed

13

]
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o\ ®o
)
S
=
o
< &
= Kifta)
_ o_p___
RO > Z0 1o
0| — 20 IH
Kto W Ko D
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]
ioll
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=

380 A =A% o2 YE AT

el

oz FAE 1749
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o] L&zt o7 A ex T Fehv| H (splitting parameter) ©] AL
Yng @A WE a=59 diEWE gholt)
Yn = Yn(l+e) (3.25)
Yn = Yn(l-e) (3.26)
of 3§ K-mean ¢igFZ ol&dte] FHA

=]
‘:l?_
Centroid ®HE F3t. & AT WHES 88 Z=Fof 717}

[
b
)
=

HE78] tAl Centroid

714 Xm2 F8 T HolH, QXm< &AA &% AE=Holn,

(@) e Taeh e AER G MEAele ALES FAAAA

BEshe s Aol Bk,
e 2
Dave (7’) = WZ || Xm_ Q(Xm) ” (328)

o714 Xm< TdT HolH, QXm)e A &% Z=5, Mk &

¥ meuo % & D AE 2ol

(B) =& A717F M(B12)d =gd w7tz Q)-(DEAE v s34
t}.
2) My A% FE A7
AANE =B ANEE dd HyHE Alo]e HAYg m=EH AR
(index)= &=¥3dt= HAolth. T HEHHEZ A7[(M)= 5122 AAsA L
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*
=arg min d(v,ym)
M 1<m<M (3.29)

o714 yme MAY HEH I=H(1<m<M)oli, viE SAF=4 9

H g mee Ao ME olgxg gdol

=

HMM-=2 =ZA o]4F HMM(DHMM : Discrete HMM), ¥4 HM
(SCHMM : Semi-Continuous HMM), 1% HMM(CHMM : Continuous
HMM)O.2 v o el o] 3 8 wroqe g4 S99 2

Yeol g Ty A% T DHMME A3ttt DHMME 5% uE 9l
=

1) HMMel A Alg5H= 7424

gk

HMM-& Ae] o] & (state transition probability), Ae] &z &
(state observation probability), %7] “¢®l < & (initial state probability)
A M7FA SEtvlEH 2 FAAEY. oS ds EE AR R A H 2

(3.30)3} zFo] HHHU.

N = (/[ A, B) (3.30)
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O =71%4" &8 = {m}

158 N7HA] 72471 e] AFejoll Al t=191 3 A Bo] dojd &S
Db
o= P(s =1) , 1<i1<N (3.31)

b gEIZEe] Hoeld BHES uErdY AIZE tel Mo AE STt id
w, AlZE trlell Ao Rl Sl j2 Hold SHES ayE UERHT, o

AL WY A 94T o2tk AEst N @] A% N«NFE

ai = Pr(Sei=j | Se¢=i) (1<1, j<N) (3.32)

Z el EAg AFol dojd FES FHeolth AIZE toll A
iYW, OF #EE FES bi(O)E UEIY
bi(O) = Pr(OdSi=)) (1<j=<N) (3.33)

S8 | —| =4 == |— Baum-Welch |
DB e
il
il m
“roz” M A (e
“g 2 i
= m Az | Vord
...... 1] HMM

19 39 HMM @

oy
2
Rl
Ach
[
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Folxl HMMol diatel S4& g &4 dole/t ¥48 #85&
W st 2 stebvE Mg FAsE Aot oldw BAE Y e
&

i = Baum-Welch & a8]&5 o] &sto] sj24% 4 Ut

\ﬂ

I8
2% 3994 = HMMS o] 43}
ok o 7] A7 A1 A2 A3 .. Anoll A n& @ o]e] JiFE YERW T Baum-Welch
duglES AREst7l Hete], A Ed A FoliS oW wEd
0203, ..0r}7F HAT FES ALT 5 gdojok s, o= v &
Zdol & & vk AZF t=12,..,TelA HMM®O AHE SE Yehd,
S=S51,5,,..S1 ¥l xdE o
Pr(O|S,1) = by (0,)bs,(0,)...bs (0r) (3.34)
2] (334)= #ELY AH7F FolAS WY S50 e AS Ued
. AHE S7F v SELS te 4 (3359 &£

geole] dEuAs gdd Aol

Pr(s | A) = nS1a8182a8253""aSr—1Sr (335)

SoSla81$2 S2S3*" 'a'ST—IST

uepa fgEde] g8 v A (336), A (3373 o] Folxth

Pr(©,S| 1) =PrO|S,A)Pr(S|A) (3.36)
Pr(O|A)= > Pr(O|S,A)Pr(S|A)
all (s)
be, (O
all(s)l_l B05:05.(01) (3.37)

Folxl HFEANA Thed e dEdoel diste] &stojof ¥ wiE

=2
do
>,
w
w
2
>,
w
w
-
o
o
o>
og
flo
Q
=z
—
K
A
o,
i
:c|>[:
ith)
ol
ol
Sy
do
:c|>[:
>



= a() = g 2 (338)3 7ol Aot}

a,(i) =Pr@©,,0,,0;,....,0,,§ =i[A) (3.38)
a (i) = md \o| thsle] A7 toll A AE] Seoll S w, A g t7}
Aol #&ZG 0,0,0,,..., 0% #HF3 FFo|th, Folx #AL 09 FE

Pr(OIM2 v 41(3.39)9F 22 wk&z el Ao ojsfjx & 5 Ut

a.(i) = n;b(o;) , (1<i<N)

b.
o {Za@)a’]} (o) (1=t=T-1, 1=j=N)

PrO| 1) = ZGT (i) (3.39)

Sk S W BG)E vlssel Wy o w A (340) o] Ao HW, A
Seell S W, AZF t+lol A A #AFA Owi, Owz,

B.(i) =Pr(0.,,,0,, Oi3---0r |s =i,4) (3.40)

B)=1 (1<i<N) (34D
18t+1(j) :iZ:l:aijbl(oHl)lBHl(i) , (1<t<T-1, 1<j<N) (3.42)
PrO|[A) = ;”ﬂ (0)4,(0) (3.43)

ol¢} zro] F3]% Pr(OIN)E ML(Maximum Likelihood)ol <]l s}
7] A H A T EE AostaL, oles AN Fs

g o] g3te] FAW.
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@, ]))=Pr(s,=i,8,,=]10,4)

- at (I )alj bj (Ot+1)ﬂt+1( J )
Pr(O|A)

a,(i)ab; (0.1) Ba ()

N

>3 a,()a,b, (00 Ba( ) (3.44)

i=1 j=1

y:(i) =Pr(s =i]0,1)

_ a,()A.()
2 2 au(Dayb; (0,1) B (1)

i=1 j=

(3.45)

fuy

75 = y4(i) (3.46)
T-1

EDIE-AUN)

a = t:Tl—l )
2, i) (=t=T-1, 1=j=N) (3.47)

NAO

H(k) - tD{-II-|01:k} .
210 (3.48)
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1% 31094 += HMM9

ok

il

T

o

o

—

—

o]
el
i

o)
M

N

W
eI

o

P(XI A1)

@ HMM for word 1
@ HMM for word 2

@ HMM for word V

Ll
KK

uir

oin

Nl

are

o)
=

o] Al
v 1

1% 3.10 HMM

Tor

b7 91 HMM S

S

;L

S
=

e

w4 9

Ao

W Pr(O, SIA7F A7t

[e]

=

stH, o

o

o ON7E F01H

{01, O2, O3,

(viterbi algorithm)o] 2}

4 0

1

£t

=

SEUEIES

i

sl
JJJ

o

o
T

o
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#
-3
>
z
)
>
Lo
B
X
oy
=
e

=
-
o HH UG S HAF ARCEZTY M 7HsA ol
[e=]
1

o7 ZAH3gle]l peir) HEH dugFe AL tpeH )

O %713
o,()=mb(0) (1<i<N) (3.49)
@(i)=0 (3.50)
@ W
9,(j) =max[d,,()a;1b;(0) (9<t<T) (3.51)
¢(i)=agmax(é.,()a,]  j=j=N (3.52)
® =
P = max[ J, (i)] (3.53)
qs = arg max[ J, (i)] (3.54)

@ AH Fed o F7

0s = B.41(Ges) (t=T-1, T-2,....1) (3.55)
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-
o
UN)
flo
o
L
tlo
£
oo
_O‘L
L
ne
2
=
i~
a0
2
il
1o
o
Ll
o
i)
i)
Y
et

ohoo] Rd2 A Aert & FHE Hold & ¢l
Bz dolst= AR A Holg pz Aslsd. °

A e HelgE Av 49l A2z @& (upper triangular matrix)o] ¥

@ 274 (scaling)

HMME AAz 788 o 4590 daess o) gste al) ks
T8 A5 03 1Akol 9] Fe AL wekd duEaky @40 AA 2= 0
o = 7HAA "k o]l & flolr] HE =ALdH S AlA
2 44 AAZE Ak a) g A1) o Hysta G gg 4 (356), 4
(357), 4 (358)3 2t}

1

N
2.0 (356)

C[:

a.(i) =ca.(i) (357)

B.(i) =c.B.() (3.53)
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o] ztzte] ZABES AT oldF AP0z 4 4 oo g
[e=]
=

B dhibel 2HaE WEE BED o2 ANE EH8E W

HVM QIAINES

29 41 stelBE =3 HMM-NN &4 U4 A=de] =

HMMAIA 34 Fo] 2914 sojAe dolge] 542 woss] 914
A HMM %ol #olstd e doleg Agdte] 238 WHdS
e WAk N AFGS AAHR Y] dYOoR Agdte] SEAAT =D
FAE Holme=dg HMM-NN 494 Azge 45 g2es

s o s® HMMI} NNoj o o] AFEX X g2 A 39 dHolHE
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Abgstel HMMO 2wk 3@ 54914 Al=gla) QdAdss vasarh
3 A

HMM® &&, 8449 7HAolA Sdst= TAE A= @S 24

T AQtE stolE =% HMM-NN Al &gl WA PCAAAA g
2 ATHFAA S AAAN HMM sdcolEel = d2kvjg Ash Al

Aslzel s sl AeAL g FAm ¥ EE ey
EEAH0)E UTE AR TMSINCRE FAT 4904 2Ed

Abgstel AAtem 404 s AR

42 AN Nzd9 drdo] 74 2 57

41804 AQte stolBgl=% HMM-NN 4824 Al2"g AATo

2 Agsta =3 Ao gALoE Ags] JAME REFoE T4
T e duitE Azdor Tt Zadol vk &4

3
Ao 54 Be Fo dHolHE n&How Aol st AAoR
TAE e Alz"de A A TR S=7F wE TIAbel A i
g 1T 2HE FEihgH At e e DSPY TMS320C32&5 Al
|tk TMS320C329 WHE Adrd A5 Aike Agsies AA
A Al A (ALU : Arithmetic Logic Unit) % o}y g}, 324]
9} 24M|E o=~ B~ 2709 ElolH, 2219 DMA, 1L

)
=
-z
2

[m
)
°
)
z
>

g3 APEAN FE Fo] Fojd U9eS % 5 vk

A

ol21gk TMS320C32¢] 54 + Ta A& Adstd & 413 #Zv



3E 4.1 TMS320C32¢] 574

EA C32
One bus:
m] 32H]E Hlo]E, 24P E FAi
Oh-7FFFFFhe¢}t 830000f-8SFFFFFholl A
o W STRB( &4
m 8 16, 324 E <fol=w o] 8 16, 324 E
t) o] ¥, 900000h-FFFFFFhel A STRB1 5 %
m 8, 16, 32¥] E <fol=w X gld] 8 16, 32H E
gl o] &}, 81000h-82FFFFhol 4] 10STRB & %+
ROM =y
Boot loader gl o
On-chip 512
RAM T2 810000h-82FFFFh
DMA 249 =AAA S
Alglgd X E 1
g0 v >
JHHEE dHEEZA £ o, gRELA T3
JHHEE
. FIT"]% o]F A A 7}s (relocatable)
3 7] A 144 PQFP
¢ 5V
0°~ 8T (HA4g4)
2z -40°~ 125C (&#9)
-55°~ 125C (FAFS)
a8l 2% 425 TMS320C32E5 A3 Fdad SA404R=9] AA
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