0J>e 1 p !A 114 p 40 =$;NO@J8 1998 G/ 2 7n 13 F|Ds=P 9)3X7O8&5f2J 5!3#>pJs9)3X@l96 66241 ?eFb 0jIW

| IUO? A H8 Library| 113 ?7$7$$%G!<%?$,F~$C$?$+$I$&$+$rH=Dj$9$k!% ad_round_flg $N%/%j%"$r$9$k!% int get_ad_data(unsigned char n, unsigned short buf[]); AD JQ49$5$l$?%G!<%?$r$H$C$F$/$k!% n $O%A%c%s%M%k!$ buf[] $O%G!<%?!% <BAu %A%c %s%M %k 0 !A 3( $^ $?$O%A%c %s%M %k 4 !A 7) $r =g$K AD JQ49 $9$k%9 %-%c%s %b!<%I $rMxMQ $9$k!% 4 %A%c%s%M%k=* N;Kh$K3d$j9~$_$,$+ $+$j!$%l%8%9%?$K3JG<$5 $l$?JQ497k2L$r%a%b %j$KE>Aw$9$k!%A4 8 %A%c%s%M%k$rJQ49$7=*$C$?$i!$ ad_round_flg $r%;%C%H$9$k!% get_ad_data() 4X?t$G!$%a%b%j$K%P%C%U%!$5$l$?%G!<%?$rFI$_=P$9!% � � void init_AD(void) { !&!&!& inttab[ADI] = (int)ad_finish; /* 3d$j9~$_%Y%/%?@_Dj */ !&!&!& } static void ad_finish(void) { static char group = 0 ; ADCSR &= (~ADST & ~ADF); /* AD %9%H%C%W */ if (group == 0) { group = 1; ad_buf[0] = ((unsigned short) ADDRA) >> 6; !&!&!& ADCSR |= (GROUP1 | ADST); /* %0%k!<%W"* 1, AD %9%?!<%H */ } else { group = 0; ad_buf[4] = ((unsigned short) ADDRA) >> 6; !&!&!& ad_round_flg = 1; ADCSR &= ~GROUP1; /* %0%k!<%W"* 0, (AD %9%H%C%W$7$?$^$^ ) */ } } int new_ad_data(void) { int flg; if ((flg = ad_round_flg) == 1) ad_round_flg = 0; return flg; } int get_ad_data(unsigned char n, unsigned short buf[]) { int i; if (n >= ad_channels) { for (i=0; i<ad_channels; i++) buf[i] = ad_buf[i]; for ( ; i<n; i++) buf[i] = 0; } else { for (i=0; i<n; i++) buf[i] = ad_buf[i]; } ADCSR |= ADST; /* AD %9%?!<%H */ return i; } � �

| IUO? A H8 Library| 112 int sci_txcount(void); Aw<u?.%P%C%U%!$K;D$C$F$$$k%G!<%?$N%P%$%H?t$rJV$9!% ;HMQNc %(%3!<%P%C%/$N%W%m%0%i%‘!%<u?.$7$?%G!<%?$r$=$N$^$^Aw?.$9$k!% � � #include <serial.h> #define TBUF 64 #define RBUF 128 unsigned char sci_buf[ TBUF + RBUF ]; const unsigned int sci_bufsize[2] = { TBUF, RBUF }; main() { initSCI0(38400, sci_buf, sci_bufsize); /* $^$?$O!$ initSCI0(38400, NULL, NULL); */ int_enable(); /* A43d$j9~$_5v2D */ while(1) if (sci0_rxcount() > 0) sci0_putchar(sci0_getchar()); } � � <BAu 1[byte] <u ?. 40 N; 3d $j 9~ $_!$ 1[b yte] Aw ?. 40 N; 3d $j 9~ $_ $r $= $l $> $l Mx MQ $7 $F $$ $k!% Aw <u ?. $=$l$> $l!$FHN)$N %j%s%0 %P%C%U%!$r ;}$A!$ putchar(), puts() $O!$%P%C%U%! $K%G!< %?$r=q$-9~$_!$ getchar() $O!$%P%C%U%!$+$i%G!<%?$rFI$_9~$‘!% <u?. %P%C%U%!%U%k$K $J$C$?;~$O!$<u ?.40N;3d$j9~ $_$r%^%9%/ $7!$<u?.%P%C%U%! $K6u$-$, $G$- $?;~$K%^%9%/ $r2r=|$9$k!%Aw ?.40N;3d$j9~ $_$OAw?.%P%C%U%! $,6u$N;~$O%^ %9%/$5$l $F $$ $k!% Aw?. %P%C %U%! $K%G!< %? $, =q $-9~ $^ $l $k$H!$ 1[byte] Aw ?. L? Na $r<B 9T 8e %^%9 %/ 2r =|$5$l!$%P%C%U%!$,6u$K$J$k$H%^%9%/$5$l$k!% A.1.3 AD JQ49%i%$%V%i%j %=!<%9%U%!%$%k$O!$ ad.c 8 %A%c%s%M%k$"$k 10bit AD JQ494o$rMxMQ$9$k%i%$%V%i%j!% Reference void init_AD(); =i4|2=!% AD JQ49$N%b!<%I@_Dj!$3d$j9~$_4X?t$N@_Dj$J$I$r9T$&!% int new_ad_data(void);

| IUO? A H8 Library| 111 A.1.2 D4JbF14|<0%7%j%"%kDL?.%i%$%V%i%j %=!<%9%U%!%$%k$O!$ serial.c 2 %A%c %s %M%k $" $k%7 %j %" %kDL ?. %$%s %? %U%’!< %9 (SCI0, SCI1) $r Mx MQ $7$F!$ WS $J $I$N %7%j%"%k%]!<%H$rDL$8$FD4JbF14|<0%7%j%"%kDL?.$r$9$k$?$a$N%i%$%V%i%j!% DL?.>r7o$O!$ 8bit, %Q%j%F%#$J$7 , %9%H%C%W%S%C%H 1 !%%\!<%l!<%H$O!$ H8 $N%/%m%C%/<~ GH?t$,!$ 7.3728[MHz] $^$?$O 14.7456[MHz] $N;~$O!$ 9600 !A 115200[bps] $K@_Dj$G$- $k!% ( %O!<%I%&%’%"$N:G9bB.$O!$ 14.7456[MHz] $N;~$K 460800[bps]) Reference 0J 2< $N 4X ?t L> Cf $N sci $N 8e $m $K $K 0 $^ $? $O 1 $r $D $1 $F SCI0, SCI1 $N $I $A $i $N %A%c %s %M %k$rMxMQ$9$k$+$r;XDj$9$k!%$b$A$m$sN>J}MxMQ$9$k$3$H$b2DG=!% ( Nc ) init_sci0(); sci1_getchar(); $J$I void init_sci(unsigned long bps, unsigned char *buf, const unsigned int bufsize[]); %7 %j %" %k DL ?. $N =i 4| 2=!% bps $K $O %\!< %l!< %H $r EO $9!% buf $K $O Aw <u ?. %P%C %U%! $H $7$F ;H $& %a%b %j NN0h $X $N%] %$ %s %? , bufsize $K $O %P%C%U%! %5 %$ %:$N Fb Lu$r 5- =R$7 $? const JQ?t$rEO$9!%%G%U%)%k%H$N%P%C%U%!%5%$%:$GNI$1$l$P!$ NULL $rEO$9!% $=$NB>!$%l%8%9%?$d%P%C%U%!$N=i4|2=!$3d$j9~$_;~$N4X?t$N@_Dj$J$I$r9T$&!% int sci_putchar(char c); char *sci_puts(char *msg); Aw?.%P%C%U%!$K%G!<%?$r3JG<!% sci_puts() $O!$ NULL $,Mh$k$^$GAw?.%P%C%U%!$K%G!<%?$r3JG<!% int sci_getchar(void); int sci_getchar_unlock(void); <u?.%P%C%U%!$+$i%G!<%?$r<}G<!% <u?.%G!<%?$,L5$$>l9g!$ sci_getchar() $O 1[byte] <u?.$9$k$^$G%V%m%C%/$7!$ sci_getchar_unlock() $O!$ EOF $rJV$9!% int _sci_putchar(char c, void (*needed_processes)()); sci_putchar() $HF15!G=$@$,!$Aw?.%P%C%U%!%U%k$G%V%m%C%/$7$F$$$k4V$K!$ needed_processes $r<B9T$9$k!% _sci_getchar() $*$h$S _sci_puts() $bF1MM!% int sci_rxcount(void);

| IUO? A H8 Library| 110 i2c_data_t *i2c_getall(i2c_data_t *data); %G!<%?$rFI$_9~$‘!% i2c_id_t i2c_get_id(void); <!$K i2c_getc(); $9$k%G!<%?$NAw?.85$N ID $rJV$9!% int i2c_putc(i2c_data_t c, i2c_id_t dest); int i2c_puts(i2c_data_t *data, int n, i2c_id_t dest); int i2c_put_pack(i2c_data_t *data, int n, i2c_id_t dest); dest $G ;X Dj $7 $? ID $N %W %m %;%C %5 $K %G!< %? $r %^ %9 %? Aw ?. %P%C %U%! $K E> Aw $7!" c $r JV $9!% $= $N 8e process_i2c(); $, 8F $P $l $? ;~ $K %P %9 $, 6u $$ $F $$ $l $P!$ %^ %9 %? Aw ?. $r 3+ ;O $7 $^ $9!% i2c_puts(); $H i2c_put_pack(); $O!$ data $+ $i ;O $^ $k n %P %$ %H $N %G!< %? $r %P%C %U%! $K E> Aw $7!" %P%C %U%! $K E> Aw $7 $? %P %$ %H ?t $r JV $7 $^ $9!# i2c_puts(); $O!" B> $N %W %m %;%C %5 $H Aw ?. @h $, =E $J$C $? ;~ <u ?. $5 $l $k %G!< %? $, :. $6 $j 9g $& 2D G= @- $, $" $j $^ $9 $,!" n $K 8B EY $O $" $j $^ $; $s!# i2c_put_pack(); $O!"B>$N%W%m%;%C%5$HAw?.@h$,=E$J$C$?;~$b!"<u?.$5$l$k%G!<%?$O data $+$i n %P %$ %H $O I, $: O" B3 $K $J $j $^ $9 $,!" n $K 8= :_ $N %^ %9 %? Aw ?. %P%C %U%! $N 6u $- %P %$ %H ?t 0J >e$r;XDj$9$k$3$H$O$G$-$^$;$s ( %P%C%U%!$K$O2?$bE>Aw$5$l$:!" 0 $,JV$k ) !# i2c_msttxbuf_size_t i2c_txcount(void); i2c_slvrxbuf_size_t i2c_rxcount(void); i2c_slvtxbuf_size_t i2c_slv_txcount(void); i2c_mstrxbuf_size_t i2c_mst_rxcount(void); i2c_msttxpack_size_t i2c_number_of_tpacks(void); i2c_slvrxpack_size_t i2c_number_of_rpacks(void); i2c_mstrxpack_size_t i2c_number_of_reqpacks(void); i2c_mstrxpack_size_t i2c_number_of_satisfied_requests(void); i2c_slvrxbuf_size_t i2c_stored_amount_of_the_pack(void); int i2c_set_slave_transmit_data(i2c_data_t *data, int n, i2c_id_t dest); i2c_id_t i2c_get_request_data(i2c_data_t *data); int i2c_request_data(int n, i2c_id_t src); int i2c_rxbuf_flush(void); int i2c_ungetc(i2c_data_t c); int i2c_unget2bytes(i2c_data_t pre, i2c_data_t prepre);

| IUO? A H8 Library| 109 A.1 3F%i%$%V%i%j$N>\@b A.1.1 I 2 C DL?.%i%$%V%i%j I 2 C %P %9 $O!$ 0l $D $N %P %9 $K B? ?t $N %G%P %$ %9 $r @\ B3 $7!$ G$ 0U $N #2 $D $N 4V!$ $^$? $O!$ 0l $D$+$i;D$jA4$F ( %V%m!<%I%-%c%9%H ) $N7A$G!$%7%j%"%kDL?.$G$-$k%W%m%H%3%k$G$"$k!% Reference int initI2C(i2c_id_t id, unsigned char *buf, const struct i2c_bufsize *bufsize) I 2 C 4X O" $N =i 4| 2=!% id $K $O <+ J, $N ID $r F~ $l $k!% ID $O 7bit(0x00 !A 0x7f ) !% %/ %m%C%/!$ ID !$%b!< %I$N @_Dj!$ %P%C%U%!$N =i4| 2=!$3d $j9~$_ 4X?t $N@_ Dj$J$I!% buf $K $O %^ %9 %?!& %9 %l!< %V 3F Aw <u ?. %P%C %U%! $H $7 $F ;H $& %a %b %j NN 0h $X $N %] %$ %s %? , bufsize $K$O%P%C%U%!%5%$%:$NFbLu$r5-=R$7$?9=B$BN!$ struct i2c_bufsize { i2c_msttxbuf_size_t mst_txbuf; i2c_msttxpack_size_t mst_tpack; i2c_mstrxbuf_size_t mst_rxbuf; i2c_mstrxpack_size_t mst_rpack; i2c_slvtxbuf_size_t slv_txbuf; i2c_slvtxpack_size_t slv_tpack; i2c_slvrxbuf_size_t slv_rxbuf; i2c_slvrxpack_size_t slv_rpack; }; $X$N%]%$%s%?$rEO$9!%%G%U%)%k%H$N%P%C%U%!%5%$%:$GNI$1$l$P!$ NULL $rEO$9!% int process_i2c(void); 8=:_$N I 2 C $N>u67$K$h$C$FI,MW$J5!G=$r<B9T$9$k4X?t!% Aw ?.%P%C %U%! $K %G!<%? $, $" $l$P %P %9 %U %j!<$+ %A%’%C %/ $7!$%U %j!< $J $i Aw?. $r 3+ ;O $9 $k!%%"!< %S %H %l!< %7%g%s!& %( %i!< $J $I$, 5/ $3$C $F $$$l $P!$ $= $N =hM}!% =* N; >r 7o $r=P$9$Y$->u67$J$i$P!$=*N;>r7o$r=P$7%P%9$r2rJ|$9$k$J$I!% %a%$%s%k!<%W$G<~4|E*$K8F$V$Y$-$G$"$k!%FC$K!$ i2c_putc(); i2c_puts(); i2c_put_pack(); $J$I$r<B 9T$7$?8e $O!$ process_i2c(); $r %3!<%k$7$J $1$l$P<B:] $NAw?.$O ;O$^$i $J$$!% i2c_data_t i2c_getc(void); i2c_data_t *i2c_gets(i2c_data_t *data, int n);

IUO? A H8 Library

;29MJ88% 107 [49] 6b9-J8 CK , ?e Fb0jIW , 3@Fb MNJ? , 0p MU2m 9, , 0f>e Gn0t . \ BNFb LAN $K $h$k?@ 7P7O $r;} $D %j %b!< %H %V %l %$ %s %m %\%C %H $N 3+ H/ ". Bh 15 2s F| K\ %m %\%C %H 3X 2q 3X =Q 9V 1i 2q M= 9F =8 , 1997. [50] INTERLINK ELECTR ONICS. \ FSR Inte gr ation Guide & Evaluation Parts Catalo g ". [51] ED5\9,=U , 0pMU2m9, , 0f>eGn0t . \ 9bJ,;R 8|KlNO%;%s%5 %G%P%$%9$rMQ $$$?B-Dl%;%s%5 $r$b$DFsB-FsOS%m%\%C%H$N ZMP 8!=P$HB-F’$_F0:n$X$N1~MQ ". Bh 15 2sF|K\%m%\%C %H3X2q3X=Q9V1i2qM=9F=8 , pp. 347{348, 1997.

;29MJ88% 106 [37] M. Inaba. \Remote-Brained Rob otics: In terfacing AI with Real W orld Beha v- iors". In Pr o c e e dings of 1993 International Symp osium on R ob otics R ese ar ch , 1993. [38] 6b9-J8CK , 0pMU2m9, , 0f>eGn0t . \ E,1~9T F05-=R$N$?$a $N9=B$A‘:n2D G=$JJBNs%W%m%; %9%M%C%H%o!<%/$N<B8= ". F|K\5!3#3X2q%m%\%F%#%/!&%9%a%+%H%m%K%/%99V1i2q ’97 9V 1iO@J8=8 , Bh A 4, , pp. 547{548, 1997. [39] CfB< ?N I’ , ;3 :j M’ 7I . \ 9T F0 $N =E $M 9g $o $; M} O@ $N8& 5f != B? ;X %O%s %I $N GD ;} F0 :n $X $N1~MQ != ". Bh 14 2sF|K\%m%\%C%H3X2q3X=Q9V 1i2qM=9F=8 , Bh 3 4, , pp. 1047{1048, 1996. [40] Bil Lewis and Daniel J. Berg. \THREADS PRIMER %^%k%A%9%l%C%I%W%m%0%i %_%s%0F~Lg ". Original Edition published b y Pren tice Hall, Inc. T ranslated and republished b y ASCI I Corp., 1996. [41] Philips. \ The I 2 C -bus Sp e ci�c ation ", 1989. [42] Ma ja J Mataric, Martin Nilsson, and Kristian T. Simsarian. \Co op erative Multi-Rob ot Bo x-Pushing". In Pr o c e e dings of the IEEE/RSJ International Confer enc e on Intel ligent R ob ots and Systems , V ol. 3, pp. 556{561, 1995. [43] Duracell Inc., Intel Corp., et al. \ Smart Battery Data Sp e ci�c ation, R evision 1.0 ", F ebruary 1995. [44] D9:e7{ 0lO: , 2C2l H~Ao , 0pMU2m 9, , 0f>eGn 0t . \ %j%b!< %H%V%l %$%s %m%\%C%H $K$* $1$k %S%G%*?.9f$X$N%9!<%Q%$%s%]!<%:$rMxMQ$7$?%;%s%5%U%#!<%I%P%C%/ ". Bh 13 2sF|K\ %m%\%C%H3X2q3X=Q9V1i2qM=9F=8 , pp. 1024{1026, 1995. [45] 0p MU 2m 9, , @1 Ln M3 5* ;R , 0f >e Gn 0t . \ F3 EE @- %U%! %V %j%C %/ $r MQ $$ $? %m %\%C %H %; %s %5 %9!<%D$N3+H/ ". Bh 13 2sF|K\%m%\%C%H3X2q3X=Q9V1i2qM=9F=8 , pp. 947{948, 1995. [46] 8^==Mr5. , 0pMU2m9, , 0f>eGn0t . \35 <+M3EY $rM-$9$k?M4V7?%m%\%C %H$N3+H/ ". Bh 12 2sF|K\%m%\%C%H3X2q3X=Q9V1i2qM=9F=8 , pp. 309{310, 1994. [47] El 5~ Bg 3X 9) 3X It 5! 3# >p Js 9) 3X 2J . \ %^ %$ %/ %m %3 %s %T%e!< %? $H %a %+ %H %m %K %/ %9 $N <B 83 ", 1993. [48] 3t <0 2q <R F| N) %^ %$ %3 %s %7 %9 %F %‘ 5; =Q %I %-%e %a %s %H %; %s %? . \H8/3397 %7 %j!< %: ,h8/3337 %7%j!< %: , H8/3334YF-ZT A T TM %O!< %I %&%’%" %^ %K%e%" %k ". 3t<0 2q <R F|N)@=:n=j H>F3BN;v6HIt , Bh 1 HG , 1994.

;29MJ88% 105 [25] K. Salisbury , W. T o wnsend, B. Eb erman, and D. DiPietro. \Preliminary Design of a Whole-Arm Manipulation System (W AMS)". In Pr o c. of the IEEE International Confer enc e on R ob otics and A utomation , 1988. [26] CfB<?NI’ , D%6G5# , 5HK\7x0l . \ %Q%o!<%0%i%9%W$H$=$N%m%P%9%H@-$NI>2AK! ". F|K\%m %\%C%H3X2q;o , V ol. 13, No. 6, pp. 866{874, 1995. [27] 9bLn @/@2 , 1J EgMx L@ , 4X7< L@ . \ ;X $NJ" $K $h$k J*BN $NGD 0. $HA‘ $j$N 1?F0 3X ". F| K\%m %\%C%H3X2q;o , V ol. 14, No. 1, pp. 83{90, 1996. [28] Matthew T. Mason. \Mechanics and Planning of Manipulator Pushing Op- erations". The International Journal of R ob otics R ese ar ch , V ol. 5, No. 3, pp. 53{71, 1986. [29] Bt:jD>G7 , 0f>eGn0t . \ B?;X%O %s%I$K$h$kJ* BN$NE>$,$7A‘ :n ". F|K\%m%\%C%H 3X2q;o , V ol. 9, No. 5, pp. 560{571, 1991. [30] Aj ;3 9/ F; , 0p MU 2m 9, , 0f >e Gn 0t . \ %0 %i %9 %W %l %9!& %^ %K %T%e %l!< %7%g %s $N 8& 5f!’ A‘ :n 7ABV $N J, N‘$H %T %\%C %HA‘ :n $N <B 8= ". F|K\ %m %\%C %H3X 2q ;o , V ol. 14, No. 1, pp. 114{121, 1996. [31] Ro dney A. Bro oks. \A Rob ot that W alks; Emergen t Beha viors from a Care- fully Ev olv ed Net w ork". In Pr o c. of the IEEE International Confer enc e on R ob otics and A utomation , 1989. [32] Ro dney A. Bro oks. \A Robust La y ered Control System F or A Mobile Rob ot". IEEE Journal of R ob otics and A utomation , V ol. RA-2, No. 1, pp. 14{23, 1986. [33] CfB<?NI’ , ;3:j M’7I , NkLZM: 0l . \ H? <M9TF0$N AH9g$; $K$h$k%m %\%C%H%O %s%I$N @)8f ". F| K\ 5! 3# 3X 2q %m %\ %F%# %/!& %9 %a %+ %H %m %K %/ %9 9V 1i 2q ’95 9V 1i O@ J8 =8 , Bh B 4, , pp. 1166{1169, 1. [34] 2,E/;q , 0pMU 2m9, , 0f>eGn 0t . \BeNet: <+N’%m%\%C %H$N>p Js%7%9 %F%‘5- =R$N$?$a $N JBNs>pJs=hM}%b%G%k ". F|K\%m%\%C%H3X2q;o , V ol. 15, No. 6, pp. 878{885, 1997. [35] J. H. Connell. \SSS: A Hybrid Arc hitecture Applied to Rob ot Na vigation". In Pr o c. of the IEEE International Confer enc e on R ob otics and A utomation , pp. 2719{2723, 1992. [36] R. Peter Bonasso and David Kortenk amp. \Characterizing an Arc hitecture for In telligen t, Reactiv e Agen ts". In AAAI Spring Symp osium on L essons L e arne d fr om Implemente d Softwar e A r chite ctur es for Physic al A gents , 1995.

;29MJ88% 104 [12] 9b @> =_ IW . \ %R%e!< %^ %s!& %3 %_%e %K %1!< %7%g %s $r ;X 8~ $7 $? %R%e!< %^ %N %$ %I %m %\%C %H ". F|K\%m%\%C%H3X2q;o , V ol. 15, No. 7, pp. 971{974, 1997. [13] 9- @% ?? ?M , C] Cf F) , 8^ L# MN , >. _7 ?. L@ . \ ?M 4V 7? %m %\%C %H ". F| K\ %m %\%C %H 3X 2q ;o , V ol. 15, No. 7, pp. 983{985, 1997. [14] 2C F# 0l O: . \ %j %j %9 %\%C %H!= @8 3h ;Y 1g %m %\%C %H!= $N 9= A[ ". F| K\ %m %\%C %H 3X 2q ;o , V ol. 11, No. 5, pp. 614{617, 1993. [15] John M. Hollerbac h and Stephen C. Jacobsen. \An throp omorphic Rob ots and Human Interactions". In First International Symp osium on Humanoid R ob ots (HUR O’96) , pp. 83{91, 1996. [16] CfEg@iL@ , J?0f?-I’ . \ <BMQ$H$7$F$N%"%_%e!<%:%a%s%H%m%\%C%H$N<B8= ". Bh 14 2sF| K\%m%\%C%H3X2q3X=Q9V1i2qM=9F=8 , Bh 3 4, , pp. 1169{1170, 1996. [17] Masahiro F ujita and Ko ji Kagey ama. \An Op en Arc hitecture for Rob ot En- tertainmen t". In Pr o c e e dings of the First International Confer enc e on A u- tonomous A gents , pp. 435{442, 1997. [18] >>86?N . \ %3 %s%T%e!< %?%A%’%9 $,@$ 3&%A%c %s%T %*%s$r GK$k ". In Bit , Bh 29 4, , pp. 21{24. 6&N)=PHG , 1997. [19] ?9ED<wO: , NkLZM:0l O: , @n:j5#I’ , ?{Ln =E <y . \ ?M4V6&B8%m%\%C%H %^%K%T%e%l!<%?$N >WFM0BA4@_7W$H@)8f ". F|K\%m%\%C%H3X2q;o , V ol. 16, No. 1, pp. 102{109, 1998. [20] Masa yuki Inaba, F umio Kanehiro, Satoshi Kagami, and Hiro c hik a Inoue. \Tw o-Armed Bip edal Rob ot that can W alk, Roll Ov er and Stand up". In Pr o c e e dings of the IEEE/RSJ International Confer enc e on Intel ligent R ob ots and Systems , V ol. 3, pp. 297{302, 1995. [21] 6b 9- J8 CK , 0p MU 2m 9, , 0f >e Gn 0t . \ E] $l $F $b 5/ $- >e $, $k $3 $H $N $G $- $k ?M 4V 7? %m %\%C %H ". Bh 13 2sF|K\%m%\%C%H3X2q3X=Q9V1i2qM=9F=8 , Bh 1 4, , pp. 195{196, 1995. [22] 6b9-J8CK , 0pMU2m9, , 0f>eGn0t . \ ?M4V7?%m%\%C%H$NA4?H9TF0$HF0:n@)8f ". Bh#12s%m %\%F%#%/%9%7%s%]%8%"M=9F=8 , pp. 11{16, 1996. [23] >.KsF) . \ %0%i%9%T%s%0$N?7E83+ ". Bh 15 2sF|K\%m%\%C%H3X2q3X=Q9V1i2qM=9F=8 , Bh 3 4, , pp. 909{912, 1997. [24] >.Ks F) . \ B? ;X %O %s%I $K $h$k <4 2s E>%W %j %_ %F%#%V J* BNA‘ :n ". F|K\ %m %\%C%H 3X 2q ;o , V ol. 14, No. 6, pp. 853{859, 1996.

;29MJ88% 103 [1] Ic hiro Kato, Sadam u Ohteru, Hiroshi Koba y ashi, Katsuhiko Shirai, and Aki- hik o Uchiy ama. \Information-Po w er Mac hine with Senses and Lim bs(W ABOT 1)". In First CISM - IFT oMM Symp osium 5-8 Septemb er 1973, on The ory and Pr actic e of R ob ots and Manipulators , V ol. 1, pp. 11{24. Springer-V erlag, 1974. [2] 2C F# 0l O: $[ $+ . \ 80 HW 3Z 4o 1i AU %m %\%C %H \W ABOT-2"". F| K\ %m %\%C %H 3X 2q ;o , V ol. 3, No. 4, pp. 337{338, 1985. [3] R.A. Bro oks and L.A.Stein. \Building Brain for Bo dies". In Autonomous R ob ots , V ol. 1, pp. 7{25, 1994. [4] 0pMU 2m 9, , 6b9- J8CK , 0f >e Gn0t . \ G> $r ;}$A Jb$+ $J$$ #2 B-#2 OS%m %\%C %H$N 3+H/ ". Bh 11 2sF|K\%m%\%C%H3X2q3X=Q9V1i2qM=9F=8 , pp. 623{624, 1993. [5] Kazuo Hirai. \Current and F uture P ersp ectiv e of Honda Humanoid Rob ot". In Pr o c. of the IEEE/RSJ International Confer enc e on Intel ligent R ob otics and Systems (IROS’97) , V ol. 2, pp. 500{508, 1997. [6] 66K\ <~;J , @. ED@? G7=u , >.NSE/ B’ , 9b @>=_IW . \ %W%i%C %H%U%)!< %‘$H$7 $F$N 2 B-Jb 9T 7?%R%e!<%^%N%$%I : W ABIAN". Bh 15 2sF|K\%m%\%C%H3X2q3X=Q9V1i2qM=9F=8 , Bh 3 4, , pp. 763{764, 1997. [7] Karel � Cap ek. \R.U.R.: %m%C%9%‘$N%f%K%P!<%5%k!&%m%\%C%H ". 4dGHJ88K ; @V (32)- 774-2. 4dGH=qE9 , 1989. @iLn1I0lLu . [8] ;38}?N0l , 0f>eDgIR , @>LnBg=u , 8<AjZ_ , 9b@>=_IW . \ ;kD03P>pJs<hF@5!9=$rM-$9$k?M 4V 7? 2 B- 2 OS %m%\%C %H $NA4 BN @_7W ". Bh 14 2sF| K\ %m%\%C %H 3X2q 3X =Q9V 1i 2qM= 9F =8 , Bh 2 4, , pp. 723{724, 1996. [9] ;38}?N0l , 0f>eDgIR , >>HxLP<y , 9b@>=_IW . \2 B-Jb9T7?%R%e!<%^%N%$%I$K$*$1$kA4?H 6(D47? 2 B-F0Jb9T@)8f ". Bh 15 2sF|K\%m%\%C%H3X2q3X=Q9V1i2qM=9F=8 , Bh 3 4, , pp. 851{852, 1997. [10] T"5H9/ IW , D9 5WJ]>= I’ . \ %R%e!< %^%N%$ %I!&%$ %s%? %i%/ %7%g%s 8&5f !] ?M4V!& %m%\%C %H!&4D 6- $N 3 9‘ Aj8_ :n MQ$N AOH/ $K8~ $1$F !] ". Bh 14 2s F|K\ %m %\%C%H 3X2q 3X=Q 9V1i 2qM=9F=8 , Bh 2 4, , pp. 711{712, 1996. [11] D95W J]>= I’ , T"5H 9/IW , @P LJM[ 0l . \ETL-Humanoid $N %7%9 %F %‘@_ 7W35 MW ". Bh 14 2sF|K\%m%\%C%H3X2q3X=Q9V1i2qM=9F=8 , Bh 2 4, , pp. 707{708, 1996.

;29MJ88%

| <U<- | 101 F1$8 $/Bg3X1!$+$i $3$N8&5f<<$K F~$j?46/$$Cg 4V$G$7$?!%$^$?!$ CN<1$,K-IY$G!$ $h$/$o$+ $i$J $$$3$H$rAjCL $7$^$7$?!%5HCS 7/$O8&5f$r$O $8$aMM!9$J$3$H $KBP$7$F%7%S %"$JG.$$L\ $r;} $A!$$$$m$$$m$H ;29M$K$J$k0U 8+$rJ9$/$3$H $,$G$-$^$7$?!% $^$?!$$J$K$h$j 4k2h20$G $$$m $$$m$J4k2h$r N)$F$F$/$l$k$N $G8&5f$NB)H4 $-$K$J$j$^$7 $?!%:d0f7/$O8& 5f$r$O$8$a MM!9$J $3$H$KBP$7$F %/!<%k$JL\$r;} $A!$$$$m$$$m$H ;29M$K$J$k0U 8+$rJ9$/$3$H $,$G$-$^ $7$?!% $^$?!$Dy$a@Z$j $,Gw$i$J$$$H 5$;}$,>h$i$J $$I.<T$H$$$D $b0B?446$rM? $($"$C$F$$ $?$h $&$K;W$$$^$9!% 9a;37/$O>o$K 7W2h$I$&$j$K 8&5f$r?J$a$F $$$F!$H/I=$J$I $N=‘Hw$bAa $/!$8+ =,$&$Y$-$H$3 $m$,$?$/$5$s $"$j$^$7$?!%Ln ED7/$O$$$D$b ;~4VE*M>M5$r ;}$C$F8&5f $r?J $a$F$$$^$7$?!% $^$?!$8&5f0J30 $NLL$G$b;~4V $r>e<j$K;H$C$F =<<B$7$?Bg3X @83h$r$* $/$C$F$$$k0u>]$,$"$j!$8+=,$$$?$$$H;W$$$^$7$?!% M1 $N 2, ED 7/!$ >. @n 86 7/!$ 1" ;3 7/!$ @> OF 7/!$ W" @n 7/!$ >> LZ 7/!$ 5\ K\ 7/!$ H, =E 3_ 7/!$ B4 $N CS ED 7/!$ Bg Ip $5 $s!$ 3@ Fb 7/!$ 3q Bt 7/!$ Bp 4V 7/!$ J! Eg 7/!$ Fs 0f 7/!$ ;3 9b 7/!$ ;3 K\ $5 $s$O!$$=$l$>$lK-$+$JH/A[$G8&5f$r?J$a!$I.<T$,65$($i$l$k$3$H$bB?$+$C$?$G$9!% I. <T $rCH $+ $/ 8+<i$C $F 2<$5 $j!$ M& 5$$r M? $($F 2< $5 $j!$;I 7c $rM? $( $F 2<$5$C $? B?$/ $N @hGZC#!$M’?MC#$K46<U$7$^$9!% :G 8e $KI. <T $N8& 5f @83h $r ;Y$( $F$/ $l $?N> ?F $H!$L@ $k $/3Z $7 $$;0 ?M $NKe C# $K46 <U$7 $^ $9!% #1#9#9#8G/#27n ?eFb 0jIW

| <U<- | 100 K\ 8& 5f$O El 5~Bg 3X 5!3# >p Js9) 3X2J 0f >eGn 0t 65<x!$ 0p MU2m 9, =u65 <x $N8f ;X F3$N $b$H $G 9T$J$o$l$^$7$?!% 0f >e 65<x $K $O!$8& 5f $KBP $7 $F1T $$ ;XE& $d 0U8+ $r $$$? $@ $-$H $F $bJY 6/ $K$J $j $^$7 $?!% $^$?!$8&5f0J30$N<R2q@-$J$I?M4VE*$JLL$G$b$4;XF3D:$-$^$7$?!% 0p MU =u65 <x $K $O!$%j %b!< %H%V %l %$ %s%m %\%C %H$K ?@ 7P 7O$r AH $_9~ $‘ $H $$$& =U %W%m %8%’ %/ %H (1996 G/ ) $K ;2 2C$5 $; $F$$ $?$@ $-!$ Bg3X 1!$+ $i 8&5f << $KF~$C $?I. <T $,8& 5f $K%9 %‘!< %:$K F~$C$F$$$1$k$h $&9M$($F$$$? $@$-$^$7$?!%$^ $?!$I.<T$,8&5f $NJ}8~@-$d?J $aJ}$KG: $s$G$$$k;~$K!$?F?H$K$J$C$F=u8@$r2<$5$$$^$7$?!% 6a Ln =u<j $K $O!$Hf 3S E*?H 6a $J8& 5f <T$N @h GZ$H $7 $F%m %\%C %H8& 5f $N@$ 3& $J$I $K $D$$ $F $$$m$$$m$H65$($F$$$?$@$-$^$7$?!% $^ $? F#ED 5; 41!$ 8MDM 5; 41!$@i Be 1d Hk=q!$ Bg _7Hk =q $K $O8& 5f $r?J $a $k $?$a $N MM!9$J ;v L3=hM}$r$7$FD:$$$?$*$+$2$G!$=gD4$K8&5f$r?J$a$k$3$H$,$G$-$^$7$?!% 2C 2l H~$5 $s $OI. <T $,8& 5f <<$K G[B0 $5 $l$? $P $+$j $N $3$m $+ $i!$1& $b :8$b $o $+$i $LI. <T $K$H $F$b?F@Z$K8& 5f<<$N4D6-$d %j%b!<%H%V%l%$ %s%0%k!<%W$N>u 67$J$I$r65$( $F2<$5$$$^ $7$?!% >>K\$5$s$O>o $K8&5f$KBP$7 $F87$7$/$H$j AH$s$G$$$F!$8+ =,$o$J$1$l$P $H46$8$F$$ $^$7 $?!%6b9-$5$s$O!$ 8&5f$d$=$NB> $N$3$H$K$D$$ $F%/!<%k$JL\$G 8+$?K\<AE*$J $3$H$r$$ $m$$ $m8+$;$F$/$@ $5$$$^$7$?!%$9 $4$/@E$+$J?M $@$J$H$$$&Bh 0l0u>]$G$7$? $,!$D9Eh$5$s $O 8& 5f $K $D $$ $F ?< $/ FM$C 9~ $s $@ <A Ld $r $7 $F 2< $5$C $F!$ 8& 5f Fb MF $r @0 M} $9 $k $N $K $H $F $b ;2 9M $K $J $j $^ $7 $?!% 0p M8 $5 $s $O!$ 3X @8 $N 8& 5f 2q $G $" $k HUR OBINT $K 0l =o $K ;2 2C $7 $? $j!$%$ %.%j%9?M$NM’ ?M$r>R2p$7$F $$$?$@$$$?$j $H!$I.<T$KBP$7 $FNI$$;I7c$K $J$k$3$H$r 0l=o $K$7$?$H$$$& 0u>]$,$"$j$^ $9!%D9:d$5$s$N %^%$%Z!<%9$GCe!9 $H8&5f$r?J$a $F$$$/MM ;R$O A"$^$7$/;W$$ $^$9!%$^$?!$8&5f FbMF$bHs>o$K 6=L#?<$$$b$N $G$H$F$b;I7c $r<u$1$^$7 $?!% <F ED $5$s $K$O =$ ;N 1 G/$N ;~$K %Q %i%0 %i %$%@!< $d%F %K %9$J $I M7$S $K M6$C$F $$$? $@ $-$^ $7$?!% $^$?!$!VG>$N7W ;;M}O@!W$NNX9V $N;~$dM7$S $K9T$C$?$H$- $K$b!$$$$m$$$m $HI.<T$N 8&5f $NOC$rJ9$$$F $$$?$@$-=u8@$r $$$?$@$-$^$7 $?!%M7$s$G$b8& 5f$7$F$b$H$F $b%Q%o%U%k $J?M $G!$I.<T$NL\;X $9?MJ*A|$H 6a$$$H$3$m$, $"$j$^$7$?!%2, $5$s$K$O!$<g$K %a!<%k$G%m %\%C%H%7%9%F%‘$N8&5f$N8=>u$dI.<T$N9M$(J}$KBP$7$F0U8+$d=u8@$r$$$?$@$-$^$7$?!% ED 5\ 7/ $H$O $:$C $HNY $N C< Kv$K JB $s $G$$ $F!$ 8& 5f$N OC!& %9 %]!<%D $N OC!&M7 $S $N OC$J $I $$$m $$$m$HOC$r$7 $^$7$?!%%P%i%s %9$N8&5f$r$7 $F$$$k$@$1$"$C $F!$8&5f$H$=$N B>$N$3$H $r%P %i%s%9NI$/$3 $J$7$F$$$?$H $$$&0u>]$G$9!% $^$?!$I.<T$N$" $^$j$K$/$@$i $J$$%.%c%0 $K$b!$ CH$+$/%D%C%3%_ $rF~$l$F$/ $@$5$$$^$7$?!% @1Ln$5$s$O8& 5f$r$7$C$+$j?J $a$k$+$? $o $i!$ J7 0O 5$ $r OB $^ $9 2q OC $H B) H4 $- $N 5! 2q $r Ds 0F $7 $F $/ $@ $5 $$ $^ $7 $?!% FC $K!$ I. <T $, 3X 2q $d Bg 3X 1! Gn ;N 2a Dx F~ ;n $G H/ I= $r $9 $k $H $- $K I. <T $N D> A0 $K H/ I= $9 $k $3 $H $, B? $/!$ >l $N J7 0O 5$ $, OB $s $@ $H $3 $m $G I. <T $N H/ I= $r 7^ $( $k $3 $H $, $G $- $^ $7 $?!% >. 20 Gw 7/ $O I. <T $H

<U<-

| Bh 7 >O !’ 7kO@$H:#8e$N2]Bj!&E8K> | 98 $^ $?!$ 3X=, 5! G=$r AH $_ 9~$‘ $3 $H$, M- 8z$@ $H 9M$( $k!% $3 $l$K $O!$ <!$N $h $&$J ;0 <oN‘ $N OHAH$r9M$($k!% <+N’5!G=%b%8%e!<%k$N3X=, <+ N’ 5! G= $N I> 2A 4X ?t ( Nc $( $P %P %i %s %9 $, J] $F $F $$ $k EY 9g $J $I ) $r :n $j!$ $= $N CM $r 9b $/ $9 $k $h $& $K!$ 6/ 2= 3X =, $J $I $r MQ $$ $F 2< 0L %b %8%e!< %k $N F~=PNO$NJQ99$d%Q%i%a!<%?$ND4@0$r9T$&!% Dj7?F0:n$N3X=, $" $k Dj 7? $N F0 :n!& 9T F0 $N C# @. EY $d 8z N( $r <( $9 I> 2A 4X ?t $r :n $j!$ $= $N CM $r 9b $/ $9 $k $h $& $J 2< 0L %b %8%e!< %k $N AH 9g $; $r ;n 9T :x 8m $K $h $j 3X =, $9 $k!% $b $A $m $s!$ 3F %b %8%e!< %k Fb $N %Q %i %a!< %? $b JQ F0 $5 $; $J $, $i 9T $&!% 6q BN E* $K $O!$ Nc $( $P !X0\ F0!Y $H $$ $& Dj 7? F0 :n $N C# @. EY $d 8z N( $r <( $9 I> 2A 4X ?t $r!$ \ 0\ F0 NL " $d \ 0\F0NL %(%M%k%.>CHq " $J $I $H $7 $F!$ 0\ F0 $H $$ $& 9T F0 $r 9T $& ;~ $K $$ $D $b!$ >/ $7 $: $D %Q %i %a!<%? $r JQ2= $5 $;I> 2A 4X?t $N CM$r 5a $a!$$= $l$, 9b $/$J $k J}8~ $K %Q%i %a!< %?$r D4 @0 $9$k$J$I$H$$$&$3$H$r<($9!% >pF07O ( 9T$-1d$S$k$?$a$N5!9= ) @8 J* $N >p F0 $O 4p K\ E* $K !X2w!Y $+ !XIT 2w!Y $G $" $j!$ $3 $l $O:, K\ E* $K$O!$ !X@8 B8!Y$r 4p =‘$H $7 $?Fb It I> 2A$G $" $k!%$3 $l $r%m %\%C %H $N%7 %9 %F %‘$K $b 1~ MQ$9 $k $H!$Nc $( $P!$Bg $- $J=P NO $r =P$7 $F $$$k ;~ $O!XIT 2w!Y $G $"$k $H $+!$ %(%M %k %.!< $rJd =< $9$k ;~ $O!X2w!Y $G $"$k $H $$$C $?I> 2A $r9T $& >pF0 7O!$ $$ $o$P >p F0 I>2A4p=‘$r;}$?$;$k$H$$$&$3$H$K$J$k!% %m%\%C %H $NMM!9 $J %;%s %5 F~NO $K BP $7$F!$ $= $l$> $l >pF0 I> 2A4p =‘ $rM? $(!$ 8=:_ $N %; %s%5 F~ NO>p Js $,$J $k $Y$/ !X2w!Y $K$J $k $h$& $K9T F0 $rD4 @a $9$k OH AH!$$9 $J $o$A >p F0 7O$r%m%\%C%H%7%9%F%‘$K:N$jF~$l$k!% $3 $l $i$N OH AH$N F3 F~$K $h $j!$2r @O E*$K :$ Fq$r H< $&$h $& $J<+ N’ 5!G= $r!$ <B8= $9 $k$3 $H $,$G$-$k2DG=@-$,$"$k!% :# 8e $O!$0J >e $N$h $& $J2] Bj $N2r 7h $K8~ $1!$ $5$i $K 8&5f $r ?J$a $F $$$/ $3 $H$, 5a $a$i $l $F$$$k!%

| Bh 7 >O !’ 7kO@$H:#8e$N2]Bj!&E8K> | 97 7.1 7kO@ K\ 8& 5f$G $O!$ >- MhIa 5Z!& H/E8 $9 $k $G$" $m $&?M 4V 7? %m%\%C %H $N:# 8e $N 8&5f $K $*$$ $F!$ A4?H $rMxMQ$7$?J* BNA‘:n$,=EMW $J2]Bj$G$"$k $3$H$r;XE&$7!$ ?M4V7?%m%\%C%H $,A4?H$GJ* BNA‘:n$r9T$&$3$H$N$G$-$k%7%9%F%‘$r9=C[$9$k$H$$$&J}?K$G!$0J2<$N$3$H$r9T$C$?!% Bh 2 >O !V?M 4V 7? %m %\%C %H $K $* $1 $k J* BN A‘ :n!W $G $O!$ $3 $l $^ $G $N J* BN A‘ :n $r 9T $& %m %\%C%H $H$NN‘;wE@$H ?M4V7?%m%\%C %H$KFCM-$JE@ $r@0M}$7!$?M4V 7?%m%\%C%H$OJ* BN$rA‘:n $7$D$D%P%i%s%9$J$I$K$b5$$rG[$i$J$1$l$P$J$i$J$$E@$J$I$N2]Bj$r5s$2$?!% Bh 3 >O !V?M 4V 7? %m %\%C %H %7 %9 %F %‘ $N 9= @. K!!W $G $O!$ J# ;( @- $r ;} $D ?M 4V 7? %m %\%C %H $K $*$$ $F$O!$<+N’7O$r 4^$‘OHAH$r;} $D$3$H$,Hs>o $K=EMW$G$"$k $3$H$r;XE&$7 $?!%$=$7$F!$ JBNs $N<+N’5!G=%b %8%e!<%k72$+$i$J $k<+N’7O$r9= @.$7!$<+N’7O$r 2<0LAX$K;}$D FsAX9=B$ $r!$L$ CNJ*BN$NA‘:n $J$I$rA4?H$r MxMQ$7$F9T$& ?M4V7?%m%\%C%H $N%7%9%F%‘$H $7$FDs0F$7 $?!% Bh 4 >O !V<+ N’ 7O $r 2< 0L AX $K ;} $D G> %7 %9 %F %‘ $N 3+ H/!W $G $O!$ <+ N’ 7O $N OH AH $N <B Au $K $D $$$F =R$Y!$<+N’5!G= %b%8%e!<%k$r3+ H/4D6-$N9=C[ $K$D$$$F=R$Y!$ $=$l$KH<$$Ld Bj$H$J$k %O!<%I%&%’%"$H%=%U%H%&%’%"$N%$%s%?%U%’!<%9$N3+H/$K$D$$$F=R$Y$?!% Bh 5 >O !VBN Fb LAN $r ;} $D ?M 4V 7? %m %\%C %H $N 3+ H/!W $G $O!$ B? <+ M3 EY!& B? %; %s %5 $r ;} $D?M 4V7?%m%\%C %H \Haru" $r3+ H/$7!$$=$l $i$rBNFb?@ 7P7O$rDL$7 $F%j%b!<%H$N <+N’7O$H @\B3$7!$<+N’7O$N%=%U%H%&%’%"$r%o!<%/%9%F!<%7%g%s>e$G3+H/$9$k$3$H$r2DG=$K$7$?!% Bh 6 >O !VH? <M 7? <+ N’ %b %8%e!< %k $r AH $_ 9g $o $; $? J* BN A‘ :n 9T F0 $N <B 8=!W $G $O!$ A4 ?H $r MxMQ $7$FJ*BNA‘:n $r9T$&:]$KI, MW$H$J$k<+N’ 5!G=%b%8%e!<%k$r <BAu$7!$$=$l$i $rE,595/ F0!&=* N;$9$k$3$H$G!$ =ENL$,L$CN$N J*BN$NE,1~E* ;}$A>e$2F0:n $d!$J*BN$N=EMW JQ2=$X$N E,@Z $JBP1~F0:n$, <B8=$G$-$k$3 $H$r<($7!$<+N’ 7O$r2<0LAX$K ;}$D%m%\%C%H%7 %9%F%‘$NM- 8z@-$r<($7$?!% 7.2 :#8e$N2]Bj!&E8K> :# 8e $O!$86 ;O E*$J %7 %9%F %‘ $G$" $k <+N’ 7O $N>e $K!$ $$$+ $K E,@Z $J F0:n $r <B8= $9 $k$+ $r 99 $K 8& 5f $r ?J $a $F $$ $/ I, MW $, $" $k!% Jz $( $? >u BV $G $N 0\ F0 $d!$ %0 %i %9 %W %l %9!& %^ %K %T%e %l!<%7%g%s$J$I$N!$J*BN$r0\F0$5$;$kF0:n$N<B8=$,K>$^$l$k!% K\ O@ J8$G <( $7$? $h $&$J!$ L$ CNJ* BN $N;} $A >e$2 F0 :n$K $* $$$F $O!$ ;}$A >e $2$k $3 $H$K $h $jMM!9 $J>pJs$,F@$i $l$k!%;}$A>e$2 $?J*BN$N=ENL $O4X@a%H%k%/ %;%s%5>pJs$+ $i?dDj2DG= $G$" $k!%7A>u$NM=B, $O@\?(E@$,>/ $J$$>l9g$OFq $7$$$,!$J*BN$N =E?40LCV$N?d Dj$O2DG=$G $"$m $&!%J*BN$N=E NL!&=E?40LCV$, ?dDj$G$-$l$P!$ $=$l$r%m%\%C %H$N%b%G%k$K E}9g$7!$$3 $l$^ $G$K8&5f$5$l $F$$$kJb9T$N %"%k%4%j%:%‘ $rMxMQ$9$k$3 $H$K$h$C$F!$Jb9T $r9T$&$3$H $b2DG=$G$"$k$H9M$($i$l$k!%

Bh 7 >O 7kO@$H:#8e$N2]Bj!&E8K>

| Bh 6 >O !’ H?<M7?<+N’%b%8%e!<%k$rAH$_9g$o$;$?J*BNA‘:n9TF0$N<B8= | 95 0J >e $K$h $j!$ =ENL $, L$CN $N J*BN $r Jz$( >e $2$k F0 :nCf $K!$ JBNs $K <B9T $5 $l$F $$ $k<+ N’ 5!G=%b%8%e!<%k$,M-8z$K:nMQ$7$F$$$k$3$H$,$o$+$k!%

| Bh 6 >O !’ H?<M7?<+N’%b%8%e!<%k$rAH$_9g$o$;$?J*BNA‘:n9TF0$N<B8= | 94 Fig. 6.14 =ENLJ*$rJz$(>e$2$k<B83Cf$NB-N"H?NOCf?4$N50@W ( 1&B- ) The lo cus of the cen ter p oin t of force at sole (right leg) Fig. 6.15 =ENLJ*$rJz$(>e$2$k<B83Cf$NB-N"H?NOCf?4$N50@W ( :8B- ) The lo cus of the cen ter p oint of force at sole (left leg)

| Bh 6 >O !’ H?<M7?<+N’%b%8%e!<%k$rAH$_9g$o$;$?J*BNA‘:n9TF0$N<B8= | 93 Fig. 6.13 =ENLJ*$rJz$(>e$2$k<B83Cf$N2<H>?H$N%H%k%/$NMzNr ( :8B- ) The torque of legs during holding and lifting up a bac k et (left leg)

| Bh 6 >O !’ H?<M7?<+N’%b%8%e!<%k$rAH$_9g$o$;$?J*BNA‘:n9TF0$N<B8= | 92 Fig. 6.12 =ENLJ*$rJz$(>e$2$k<B83Cf$N2<H>?H$N%H%k%/$NMzNr ( 1&B- ) The torque of legs during holding and lifting up a bac k et (righ t leg)

| Bh 6 >O !’ H?<M7?<+N’%b%8%e!<%k$rAH$_9g$o$;$?J*BNA‘:n9TF0$N<B8= | 91 6.3 =ENLJ*Jz$(>e$2;~$N%H%k%/$H=E?4Ej1FE@$N50@W $3 $3 $G $O!$ 6.2.1 @a $N =E NL J* Jz $( >e $2 $k F0 :n $N <B 83 Cf $K $* $1 $k 2< H> ?H $N =P NO %H %k %/ $N>u BV$H!$=E?4Ej1F E@$N50@W$r 5-O?$7!$<+N’7O $NF/$-$K$h$C$F =PNO%H%k%/$H!$ J*BN$r4^ $a$?=E?40LCV$,$I$N$h$&$KJQ2=$7$F$$$k$+$r9M;!$9$k!% (i) %H%k%/$NMzNr =E NL J* $r Jz $( >e $2 $k <B 83 Cf $N 2< H> ?H $N =P NO %H %k %/ $N Mz Nr $r!$ Fig.6.12 $* $h $S Fig.6.13 $K<($9!% #3 $D$N %0 %i %U Cf$r =D $K 0z $$ $F$" $k #2 K\ $N@~ $N $& $A :8$N @~ ( Ls 12[s] $N ;~ E@ ) $O!$ CO LL$+$i;}$A>e$,$C$?=V4V$G$"$k!%;}$A>e$,$C$?D>8e$+$i8T4X@a$N%H%k%/$O!$ balance ( <0 (6.1)) $NF/ $- $K $h$C $F8: $j ;O $a!$ Ls 4[s] 8e $K $O :G>. %H %k %/ $NIU 6a $^ $G 2<$,$C $F $$ $k!%$3 $l $O!$J* BN $r4^ $a $?>e H> ?H$N =E ?4$,!$ 8T4X @a <4$r DL $k1t D> @~>e $K F0$$ $? $? $a$G $" $k$H 9M$( $i $l!$$3 $l $K$h $jL$ CN $N=E NL$N J* BN$r ;}$A >e $2$k $3 $H$, $G$- $k $3 $H$,$o$+$k!% $^ $?!$#2 K\ $N =D @~ $N $&$A $N 1& $N @~ ( Ls 26[s] $N ;~ E@ ) $O!$ J* BN$r Jz $( $? >u BV $GN) $A >e$,$C $F $$$k ES Cf$G $" $k!%B- <s!& 8T 4X@a $N %H%k %/ $,>e >: $7$? $3 $N;~ E@ $G!$I( $N %H %k %/ $N @d BP CM $O 8: >/ $7 $F $$ $k!% $3 $l $O!$ I( 4X @a $N 1t D> >e J} IU 6a $K =E ?4 0L CV $, 0\ F0 $7 $? $? $a!$ B- <s!& 8T 4X @a $N 1t D> @~ >e $+ $i =E ?4 0L CV $, $: $l $? $? $a $H 9M $( $i $l $k (Fig.6.1 ;2>H ) !% $=$N D>A0!& D> 8e$O!$ 5U$K I(4X @a$N %H%k %/ $N@d BPCM $,Bg $-$/ $J$j!$ B-<s!& 8T 4X@a $N %H%k %/ $,8: >/ $7 $F$$ $k!% $3$& $7 $?F0 $- $r7+ $j JV$9 $3 $H$K $h$C $F!$ <! Bh $K A4 $F $N 4X @a $N %H %k %/ $, >. $5 $/ $J $j!$ %( %M %k %. 8z N( $N NI $$ Jz $( >e $2 >u BV $K $J$C$F$$$k$H8@$($k!% (ii) =E?4Ej1FE@$N50@W F1 $8 <B 83 Cf $N =E ?4 Ej 1F E@ $N 50 @W $r Fig.6.14 $* $h $S Fig.6.15 $K <( $9!% =E ?4 Ej 1F E@ $O!$ B- Dl NO %; %s %5 $K $h $j 5a $a $?!% $J $*!$ x <4 J} 8~ ( %m %\%C %H $N A0 8e J} 8~ ) $N =E ?4 0LCV$N50@W$r2#<4$r;~4V$GI=<($7$F$$$k!% ?’$N JQ $o$j L\ $,!$J* BN $,CO LL $+ $i;} $A >e$,$C $? =V4V $G $"$k!% ;} $A>e $,$C $?=V 4V $K =E ?4 0L CV $O :G $b D^ @h $h $j $K $J $j!$ $= $N D> 8e $+ $i balance ( <0 (6.1)) $N F/ $- $K $h$C $F!$=E?40LCV$,B-N"$NCf?4IU6a$^$G0\F0$9$kMM;R$,$o$+$k!% $^$?!$$=$N 8e$NN)$A >e$,$k2a Dx$G!$I(4X@a $HB-<s!&8T 4X@a$N balance $NF0:n $K$h $j!$>/ $7 $:$D A0 8e$K =E ?40L CV $b F0$$ $F $$$k MM ;R$, $o $+$k!% $7 $+$7!$ ;} $A>e $,$C $? =V4V $K :G$b D^ @h$h $j $K$J$C $? 8e$O!$ $= $l$r 1[$( $J $$HO 0O $G$N =E ?40L CV 0\F0 $K $J$C $F$$$k!%

| Bh 6 >O !’ H?<M7?<+N’%b%8%e!<%k$rAH$_9g$o$;$?J*BNA‘:n9TF0$N<B8= | 90 Fig. 6.11 $*Er$,Cm$,$l=ENL$NJQ2=$7$D$D$"$k%3%C%W$r;}$DMM;R \Haru" holding a cup whose weigh t is c hanging by b eing p our hot w ator in

| Bh 6 >O !’ H?<M7?<+N’%b%8%e!<%k$rAH$_9g$o$;$?J*BNA‘:n9TF0$N<B8= | 89 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Fig. 6.10 $7$c$,$‘!%%3%C%W$r64$s$G;}$D!%;}$A>e$2$k!%$*Er$,Cm$,$l$F=ENLJQ 2=$KBP1~$9$k!%?M$,%3%C%W$r<u$1<h$m$&$H$9$k$H<j$rN%$9!% \Haru" squats, grasps a cup, lifts it up, adapts to the w eigh t c hange, and release it when a p erson tries to tak e it.

| Bh 6 >O !’ H?<M7?<+N’%b%8%e!<%k$rAH$_9g$o$;$?J*BNA‘:n9TF0$N<B8= | 88 $1$F$$$k<L??$r Fig.6.11 $K<($9!% 0J 2< $K!$ Fig.6.9 $N Scene No. $K 1h$C$F @b L@ $9$k!% $J $*!$ () Fb $O Fig.6.10 Cf $N ?t ;z $KBP1~$9$k!% Scene No. 1 =i 4| ;Q @* $G N)$C $F $$ $k >u BV (1) !% keep-head $O >o ;~ <B 9T $5 $l!$ %A %k %H 3Q $r 0l Dj $K J] $D ( <0 (6.3) $r Mx MQ ) !% $3 $N 8e!$ squat ( Dj 7? F0 :n ) !$ <0 (6.1) $N %b %8%e!< %k ( B- <s!&I(!&8T4X@a ) $r5/F0$7!$B3$$$F open-arms ( Dj7?F0:n ) $r5/F0$9$k!% Scene No. 2 hold-object $r5/F0$7!$%3%C%W$r64$s$G;}$D (2,3) !% Scene No. 3 keep-shoulder ( <0 (6.3)) $K$h$j!$OS$r?eJ?LL$+$i 15[deg] $N3QEY$KJ]$D%b%8%e!< %k $r5/ F0!% lift-up ( <0 (6.1)) $b 5/ F0!% ;}$C$? %3%C %W $, ;} $A>e $, $k (4,5) !% ;} $A>e $,$C $? $i observe-weight ( 8* $N 4X @a %H %k %/ $r 4F ;k $7!$ =P NO %H %k %/ $, >. $5 $/ $J$C $? $i!$ open-arms $r 5/ F0 $9 $k %b %8%e!< %k ) $r 5/ F0!% F1 ;~ $K balance ( <0 (6.1)) $r 5/F0!% Scene No. 4 balance $NF/$-$G!$ $d$dA0J}$K $"$C$?%3%C%W $r4^$a$? A4BN$N=E?4 $,!$B-$N?? >e$" $?$j$K0\F0 (6) !% stand-up ( <0 (6.1) $rMxMQ ) $,5/F0 (7) !% Scene No. 5 N) $A >e $,$C $? $H $3 $m $G (8) !$ %3%C %W $K ?e $, Cm $, $l $k $, (9) !$ balance $, $= $N =E NL JQ2= $KBP 1~ (10,11) !% %$%s %Q%k %9>u$N 30Mp ( F, $r2! $5$l$k ) $K BP$7 $F balance $, BP 1~ (12) !% Scene No. 6 ?M $, %3%C %W $r <u $1 $H $m $& $H %3%C %W $N ;} $A <j $r DO $‘ $H (13) !$ observe-weight $, $=$l$r8!CN$7!$ open-arms !$ stand-up $,5/F0$5$l!$%3%C%W$+$i<j$rJ|$9 (14) !% Scene No. 7 %3%C%W$+$i<j$rJ|$7$FN)$A>e$,$C$F$$$kESCf (14) !% Scene No. 8 N)$A>e$,$C$F!$=i4|;Q@*$KLa$C$?$H$3$m (15) !% L$ CN J*BN $d A‘:n Cf $KF0 E* $K=E NL$, JQ 2=$9 $k >l9g $K!$ <+N’ 7O $,M- 8z $K:n MQ $7J* BNA‘ :n $r<B8=$G$-$F$$$k!%

| Bh 6 >O !’ H?<M7?<+N’%b%8%e!<%k$rAH$_9g$o$;$?J*BNA‘:n9TF0$N<B8= | 87 6.2.2 ;}$A>e$2$?J*$N=ENL$NJQ2=$KE,@Z$KBP1~$9$k CV$$$F$"$k%3%C%W (300[g]) $r64$s$G;}$A!$;}$A>e$2$k!%ESCf$G%3%C%W$K$*Er (250[g] Dx EY ) $, Cm$, $l =ENL $, JQ $o$k $,!$ $= $NJQ 2= $K<+ N’ 7O $,<+ F0 E* $KBP 1~ $9$k!% ?M $, %3%C%W $r <h $m $& $H $9 $k $H!$ 8* $N NO ( %3%C %W $N =E $5 ) $r 4F ;k $7 $F $$ $? %b %8%e!< %k $, <j $r J| $9 $h $& $K ;X<($r=P$7!$<j$NNO$r$L$/!% (Fig.6.8) Fig. 6.8 =ENL$NJQ2=$KE,@Z$KBP1~$9$k<B83 \Haru" squats, tak es a cup, lifts it up, and adapts to the weigh t change. Fig. 6.9 =ENL$NJQ2=$KE,@Z$KBP1~$9$k<B83Cf$N%b%8%e!<%k$N%7!<%1%s%9 The mo dule activ ation sequence during adapting to the weigh t change $= $N 4V $K 3h @- 2= $9 $k %b %8%e!< %k $N %7!< %1 %s %9 $r Fig.6.9 $K <( $7!$ <B :] $N ;Q @* $N JQ 2= $r!$=gHV $K Fig.6.10 $K<( $9!$$^$?!$$*Er$,Cm$,$l=E NL$,JQ2=$7$D$D$"$k%3%C%W $r;}$AB3

| Bh 6 >O !’ H?<M7?<+N’%b%8%e!<%k$rAH$_9g$o$;$?J*BNA‘:n9TF0$N<B8= | 86 Fig. 6.7 %/%C%7%g%s$rJz$($kMM;R \Haru" holding a cushion

| Bh 6 >O !’ H?<M7?<+N’%b%8%e!<%k$rAH$_9g$o$;$?J*BNA‘:n9TF0$N<B8= | 85 Fig. 6.6 =ENLJ*$r;}$A>e$2$kMM;R \Haru" lifting up a hea vy ob ject

| Bh 6 >O !’ H?<M7?<+N’%b%8%e!<%k$rAH$_9g$o$;$?J*BNA‘:n9TF0$N<B8= | 84 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Fig. 6.5 $7$c$,$‘!%=ENLJ*$rJz$($k!%9x$K$N$;$k!%;}$A>e$2$k!%CV$/!% \Haru" squats, holds an ob ject, and lifts it up.

| Bh 6 >O !’ H?<M7?<+N’%b%8%e!<%k$rAH$_9g$o$;$?J*BNA‘:n9TF0$N<B8= | 83 Scene No. 1 =i4|;Q@*$GN)$C$F$$$k>uBV (1) !% keep-head $O>o;~<B9T$5$l!$%A%k%H3Q$r0lDj$KJ]$D ( <0 (6.3) $rMxMQ ) !%$3$N8e!$ squat ( Dj 7?F0:n ) !$<0 (6.1) $N%b%8%e!<%k ( B-<s!&I(!&8T4X@a ) $r5/F0$7!$B3$$$F open-arms ( Dj 7?F0:n ) $r5/F0$9$k!% Scene No. 2 open-arms $,=*N;$7$?>uBV (2) !% $3$N8e!$ balance $rDd ;_$7!$ hold-object1 ( <0 (6.2) $rMxMQ$7$F 8*!&9O!&<j<s 4X @a $N =P NO %H %k %/ $r 0l Dj $K J] $D %b %8%e!< %k ) $r 5/ F0 $9 $k!% 8*!& 9O!& <j <s $N =P NO %H %k %/ $, ;X Dj CM $K Mn $A Ce $$ $? $i (3) !$ lift-up $r 5/ F0 $9 $k (4,5) !% lift-up $O!$ <0 (6.1) $r Mx MQ $7 $F!$ 8T 4X @a <4 $N ?? >e $K J* BN $r 4^ $a $? =E ?4 $, $/ $k $h $& $K @) 8f $9 $k $3 $H $K $h$C $F!$ J* BN $r 9x $N >e $K $N $; $k 7A $G ;} $A >e $2 $k (6.1.1 @a )(6) !% J* BN $, CO LL $+ $iN%$l$?$i balance $r:F$S5/F0$9$k!% Scene No. 3 lift-up $, =* N; $7!$ stand-up $, 5/ F0 $5 $l $F N) $A >e $,$C $F $$ $k ES Cf $N >u BV (7 !A 9) !% stand-up $O!$ <0 (6.1) $r Mx MQ $7 $F!$ %P %i %s %9 $r <h $j $J $, $i B- <s!& I(!& 8T 4X @a $r ?-$P$7$F$$$/!% Scene No. 4 stand-up $,?J9T$7!$$[$\N)$A>e$,$C$?>uBV (10) !% $3 $N8e!$ :F $S squat $K $h$j J* BN $r CV$- (11,12) !$ open-arms $K $h$C $F J*BN $r J| $7 (13) !$ stand-up $K$h$C$FN)$A>e$,$k (14,15) !% $3 $N <B83 $G $O!$=E NL $N $o$+ $i $J$$ J* BN$r!$ %; %s%5 >p Js $K4p $E $/<+ N’ 7O$N F/ $-$K $h$C $F!$Jz$(>e$2$k$3$H$,$G$-$?!% $5 $i $K!$ F1$8 %b %8%e!< %k $G!$=E NL!& 9E $5 $N0[ $J $k J*BN $r ;} $A >e$2 $k <B 83 $r9T$C $?!% =ENLLs 250[g] $N!$I[@=$N%/%C%7%g%s$rJz$($kMM;R$r Fig.6.7 $K<($9!% $3 $l $i$N <B 83$+ $i!$ =E NL!&9E $5 $,0[ $J $kJ* BN $K!$<+ N’ 7O $,BP 1~ $G$- $F $$$k $3 $H$, $o $+$k!%

| Bh 6 >O !’ H?<M7?<+N’%b%8%e!<%k$rAH$_9g$o$;$?J*BNA‘:n9TF0$N<B8= | 82 6.2 J*BNA‘:n9TF0 <B Au $7 $?%b %8%e!< %k$K I, MW $K1~ $8 $F 5/F0!& =* N; $NL? Na!& 5/ F0%Q %i %a!<%? $r M? $($k %W %m %0 %i %‘ $r >e 0L AX $K CV $-!$ 3+ H/ $7 $? ?M 4V 7? %m %\%C %H \Haru"( Ls 4.1[kg]) $r MQ $$ $F <B :] $KA4?H$r6(D4$5$;$FJ*BNA‘:n$N<B83$r9T$C$?!% 6.2.1 =ENL!&Bg$-$5$,L$CN$NJ*BN$NE,1~E*;}$A>e$2F0:n >o $K %P %i %s %9 $r $H $j %H %k %/ $r D4 @a $7 $J $, $i!$ $7$c $, $s $G CV $$ $F $" $k =E NL J* ( %4 %_ H"!$ 450[g]) $rJz$(>e$2$k (Fig.6.3) !% Fig. 6.3 $7$c$,$_!$=ENLJ*$rJz$(!$;}$A>e$2$k<B83 \Haru" squats, holds an ob ject, and lifts it up. Fig. 6.4 =ENLJ*$rJz$(>e$2$k<B83Cf$N%b%8%e!<%k$N%7!<%1%s%9 The mo dule activ ation sequence during lifting up a hea vy ob ject $= $N 4V $N %b %8%e!< %k $N %7!< %1 %s %9 $r Fig.6.4 $K <( $7!$ <B :] $N ;Q @* $N JQ 2= $r!$ =g $r $*$C$F Fig.6.6 $K<($9!%$^$?!$Jz$(>e$2$F%P%i%s%9$rJ]$C$F$$$k<L??$r Fig.6.6 $K<($9!% 0J 2< $K!$ Fig.6.4 $N Scene No. $K 1h$C $F @b L@ $9 $k!% $J $*!$ () Fb $O Fig.6.6 Cf $N ?t ;z $KBP1~$9$k!%

| Bh 6 >O !’ H?<M7?<+N’%b%8%e!<%k$rAH$_9g$o$;$?J*BNA‘:n9TF0$N<B8= | 81 I(4X@a ( � 1 ) $*$h$SB-<s4X@a ( � 2 ) $K4X$7$F$bF1MM$G$"$k!% 6.1.2 OS$NNO$ND4@0 4X @a i $N8= :_$N %H %k%/ ( � o;i ) $r4F ;k$7 <0 (6.2) $K$h$C $F!$;X Dj $5$l $?%H %k%/ ( � r;i ) $r =PNO $9$k$h$& $K!$%"%/%A%e %(!<%?$N;X Na3QEY ( � i ) $rD4 @a$9$k$3 $H$,$G$- $k!% ( G $O %2%$ %s ) � � i = G ( � r;i � � o;i ) (6.2) $3 $l $O!$8= :_ $N=P NO %H%k %/ $HL\ I8 %H%k %/ $h$j!$ NO $rHf Nc @)8f $9 $k$? $a $N7W ;; <0$G $" $j!$9E$5$,L$CN$NJ*BN$J$I$rJz$($k:]$NOS$N3F4X@a$N%H%k%/$ND4@a$J$I$KMxMQ$G$-$k!% 6.1.3 FCDj$N4X@a3QEY$ND4@0 <0 (6.3) $K $h$C $F!$ 4X @a i $N 4X @a 3Q EY ( � i ) $r D4 @a $7!$ =8 9g M $K B0 $9 $k 4X @a $N 8= :_ CM ( � m ; m 2 M ) $N9g7W$K0lDj3QEY ( � ) $r2C$($?CM$K$J$k$h$&$K$9$k!% � � i = � i � X m 2 M � m + � (6.3) Nc $($P!$2< H>?H $N X <4 2s$j $N4X@a ( � x ; x 2 2<H>?H$N X <42s$j$N4X@a ) $r4F ;k$7!$8* $N4X@a ( � x-shoulder ) $rD4@a$9$k$3$H$G!$OS$r0lDj3QEY ( � ) $KJ]$D$3$H$,$G$-$k!%

| Bh 6 >O !’ H?<M7?<+N’%b%8%e!<%k$rAH$_9g$o$;$?J*BNA‘:n9TF0$N<B8= | 80 $l$> $l$N4X@a<4$r DL$k1tD>@~>e $KMh$k$h$&$K!$ 4X@a3QEY$rD4 @a$9$k$3$H$K $h$j!$3F4X@a $H$b>/$J$$=PNO%H%k%/$N>uBV$K$9$k$3$H$,$G$-$k!% Fig.6.1 1& $G $O!$ B- <s!& I(!& 8T 4X @a $= $l $> $l $N 4X @a <4 $N $[ $\ 1t D> @~ >e $K G $, $" $k!$ %P%i%s%9$N<h$l$?;Q@*$K$J$C$F$$$k!% 8T!& I(!& B- <s $N 3F 4X @a $O!$ 0L CV @) 8f $r 9T$C $F $$ $k $N $G!$ Fig.6.1 :8 $N >u BV $G $O!$ $= $l $> $l Lp 0u $N J} 8~ $N %H %k %/ $r =P NO $7 $F $$ $k!% $= $3 $G!$ 3F 4X @a $N =P NO %H %k %/ ( � 1 $J $I ) $r 4F;k$7!$<0 (6.1) $rMQ$$$F;XNa3QEY ( � 1 ) $rD4@a$9 $k$3$H$K$h$j!$=ENL$NL$CN$JJ*BN$rJ] ;}$7$F$$$k;~$K$b%P%i%s%9$rJ]$D$3$H$,$G$-$k!% ( G $O%2%$%s ) � � 1 = 8 < : 0 � 1 < = � 1 ;thd G � � 1 � 1 ;thd < � 1 (6.1) $J $*!$ $3 $N <j K! $O Fig.6.2 $N $h $& $K 2? $+ $K 4s $j $+ $+ $k $h $& $J >u BV $N ;~ $O!$ $& $^ $/ :n MQ$7$J$$>l9g$b$"$k!% Fig.6.2 $N>l9g!$4s$j$+$+$C$F$$$kJ*BN$+$iH?NO F 2 $r<u$1$k!% Fig. 6.2 4s$j$+$+$C$F$$$k>l9g Leaning on something $3 $N ;~ I( 4X @a $O!$ F 2 $K $h $k %b!< %a %s %H $H F 1 $K $h $k %b!< %a %s %H $N 9g 7W $K 8T 4X @a $d 8* 4X @a $N %H %k %/ $r 2C $( $? %H %k %/ @. J, $K $D $j $" $& %H %k %/ $r =P NO $7 $F $$ $k!% $3 $N =P NO %H %k %/ $, ?^$N $h$& $K ;~7W 2s $j$N >l 9g!$<0 (6.1) $K $h$j D4 @0$r 9T $&$H!$ 4s $j$+ $+$C$F $$ $kJ* BN $K>e H>?H$r2!$7$D $1$F$$$/8~$-$K 4X@a$rD4@a$7 $F$7$^$$!$%P%i %s%9$r$H$k$3 $H$O$G$-$J $$!%

| Bh 6 >O !’ H?<M7?<+N’%b%8%e!<%k$rAH$_9g$o$;$?J*BNA‘:n9TF0$N<B8= | 79 6.1 <BAu$7$?<+N’5!G=%b%8%e!<%k J* BN A‘:n $N $? $a$K <B Au$7 $? %b %8%e!<%k $r 5s$2!$ $= $N 5!G= $H $=$l $r <B 8=$9 $k <0!$4F ;k $9$k%;%s%5!&A‘:n$9$k%"%/%A%e%(!<%?$H!$C1FH$G<B9T$7$?:]$N8z2L$K$D$$$F=R$Y$k!% 6.1.1 2<H>?H$rMxMQ$7$?%P%i%s%95!G= J* BN $r;} $A >e$2 $? >u BV$G $O!$ J*BN $N =ENL $K $h$C$F K\ Mh $N%m %\%C %H$N =E NL%P %i %s%9 $, Jx$l $F$$$k!%$3$3$G $O!$$3$N>uBV$N ;~$K!$J];}$7$F $$$kJ*BN$N=E NL$r4^$a$F%P %i%s%9$r <h$k$?$a$N<+N’5!G=%b%8%e!<%k$N<BAu$K$D$$$F=R$Y$k!% Fig. 6.1 J*BN$r;}$C$F$$$k;~$N2<H>?H$N%P%i%s%95!G= Balancing b y legs during holding an ob ject Fig.6.1 :8 $K $* $$ $F!$ %m %\%C %H $N >e BN ( 8T 4X @a � 1 $h $j >e It ) $N K\ Mh $N =E ?4 0L CV $O G’ $G $" $k $N $K BP $7!$ J* BN $N =E NL $r 4^ $a $? >e BN $N =E ?4 0L CV $O G $K $J$C $F $$ $k!% $= $7 $F!$ J* BN $N=ENL $r4^$a $?>eBN $N=ENL $K$h$k NO$O F $H$J$k!% $=$N$H $-!$8T4X @a � 1 $, $3$N;Q @*$r J] $D $? $a $K =P NO $7 $J $1 $l $P $J $i $J $$ %H %k %/ $O!$ $3 $N ?^ $G $O H? ;~ 7W 2s $j $K $J $k!% � 1 $r H? ;~ 7W 2s $j $K 2s E> $7!$ G $, � 1 $r DL $k 1t D> @~ >e $K Mh $k $h $& $K D4 @a $9 $l $P!$ 8T 4X @a � 1 $O $[ $H$s$I%H%k%/$r=PNO$9$kI,MW$,L5$/$J$k!% F1 MM $K!$ Fig.6.1 $N :8 ?^ $K $* $$ $F $O!$ I( 4X @a $O ;~ 7W 2s $j!$ B- <s 4X @a $O H? ;~ 7W 2s $j $N %H %k%/$r =PNO$7$J $1$l$P $J$i$J $$$,!$$= $l$>$l $N4X@a <4$+$i >e$NJ*BN $r4^$‘ =E?4 ( � 1 !A � 2 $* $h $S � 2 !A � 3 $N It J, $N %j %s %/ $N =E NL $, 2C $o $k $N $G!$ 6O $+ $K G $H $O 0[ $J $k ) $,!$ $=

Bh 6 >O H?<M7?<+N’%b%8%e!<%k$rAH$_9g$o$;$?J*BNA‘:n9TF0$N <B8=

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 77 Fig. 5.23 22 <+M3EY?M4V7?%m%\%C%H \Haru" 22 D.O.F. h umanoid rob ot \Haru"

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 76 T able 5.4 %o%$%d%l%9 CCD %+%a%i CMD-5C(H) $N;EMM The sp eci�cations of wireless CCD camera CMD-5C(H) 9‘L\ ;EMM CCD It 1/3 %$%s%A%+%i!< CCD !J 41 K|2hAG!K %l%s%:%^%&%s%H C %^%&%s%H!J CS !K F14|?.9f FbItF14| 1GA|=PNO VS 1.0Vpp/75 &8 NTSC %3%s%]%8%C%HJ}<0 Aw?.%A%c%s%M%k VHF 4ch !A 12ch !A@lMQ ch :GBgEEGH%(%j%" Ls 20 !A 30m 2rA|EY ?eJ? 450 K\ :GDc>HEY 5Lux EE;R%7%c%C%?!< 1/60 IC!$ 1/250 IC =PNOC<;R %9%F%l%* 3.5 &U%8%c%C%/!J 1:ANT � A UDIO 2:VIDEO 3:GND !K EE8; DC5V Ls 270mA !JM-@~!K / Ls 310mA !JL5@~!K FbB"EECS 450mAh 70 J, /60 J, %^%$%/ 9b@-G= EC %^%$%/ 307A@#K! 34.5 � 35.5 � 52.0mm !JFM5/J*=|$/!K =ENL 135g !JK\BN$N$_!K!$ 165g !J%l%s%:9~$_!K

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 75 T able 5.3 3 <42CB.EY%;%s%5 AD XL05EM-3 $N;EMM The sp eci�cation of 3-axis accelerometer AD XL05EM-3 9‘L\ ;EMM 8!=PHO0O � 4 g 46EY 500 mV =g 8!=PJ}8~ 3 <4 307A@#K! 47 : 63 � 25 : 4 � 19 : 05 mm 0 g =PNO +2 : 5 � 0 : 1 V =PNOHO0O +2 : 0 � 0 : 1 V 6!5kEE05 +5 � 0 : 25 V 6!5kEEN. 24 mV $N BS %H%i %s%9%_%C %?$K $h$jL5 @~$G2h A|$r %V%l%$ %s$KAw ?.$G$- $k=< EE<0EE CSFbB" $N>. 7? CCD %+%i!<%+%a%i$rEk:\$7$?!%$3$N%+%a%i$N;EMM$r T able.5.4 $K<($9!% 5.6.5 3+H/$7$??M4V7?%m%\%C%H \Haru" 0J >e $K =R $Y $? $b $N $r A4 It AH $_ 9~ $s $G!$ 22 <+ M3 EY ?M 4V 7? %m %\%C %H \Haru"( ?H D9 Ls 45[cm] !$BN=ELs 4.1[kg]) $r3+H/$7$?!%=i4|;Q@*$GN)$C$F$$$kMM;R$r Fig.5.23 $K<($9!%

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 74 5.6.4 $=$NB>$N%;%s%5 B-Dl%;%s%5 F orce Sensing Resistors(FSR) $O INTERLINK <R@= $N9bJ, ;R8| Kl%U%# %k%‘ %G%P %$ %9 $G $" $j!$ %" %/ %F%# %V %( %j %" $K 2C $( $i $l $? NO ( 05 NO ) $N A} 2C $K H<$C $F!$ EE 5$ E* Dq 93 CM $, 8: >/ $9 $k FC @- $r ;} $D NO %; %s %5 $G $" $k [50] !% FSR $N Dq 93 CM $O NO $K BP $7 $F $[ $\H? Hf Nc $7!$ L5Ii2Y;~$G 1M !$ 10kg $N2Y=E$G?t k $^$GJQ2=$9$k!% K\ O@J8$G$O #402 $H$$ $&7?HV$N FSR $rMQ $$$?!%$3$N FSR $N7A >u$*$h $SNO$KBP $9$k FC@-$r Fig.5.22 $K<($9!% Fig. 5.22 FSR#402 $N7A>u ( :8 ) !$ FSR#402 $NDq93CM$HNO$H$N4X78 ( 1& ) FSR#402 =E ?4 $N Ej 1F E@ $r B, Dj $9 $k $3 $H $, $G $- $k $h $& $K!$ FSR $r MQ $$ $F B- Dl NO %; %s %5 [51] $r <h$jIU$1$?!% 2CB.EY%;%s%5 3 <4 2C B. EY %; %s %5 $r Ek :\ $9 $k $3 $H $K $h $j!$ =E NO 2C B. EY $r 4^ $‘ %m %\%C %H $N 2C B. EY $r 3 <! 85 6u 4V $N %Y %/ %H%k $H $7 $F 7W B, $9 $k $3 $H$, $G $- $k!% T able.5.3 $KEk :\ $7 $? 3 <4 2C B. EY %; %s%5$N;HMQ$r7G:\$9$k!% CCD %+%i!<%+%a%i ;k 3P >p Js$O Hs >o$K >p Js NL$, B? $/!$ MM!9$K Mx MQ $G$- $k!% K\ O@J8 $G $O9T$C $F $$ $J$$ $,!$ L$ CN J* BN $N 7A >u $r ;k 3P >p Js $r MQ $$ $F ?d Dj $9 $k :] Ey $K M- 8z $G $" $k!% \Haru" $K $O!$ >. 7?

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 73 Fig. 5.21 Ii2Y%H%k%/$H8m:93QEY$N4X78 The relation b et w een the torque and the error angle T able 5.2 %0%i%U$+$i;;=P$7$?HfNc78?t The prop ortional co e�cients %5!<%\%b%8%e!<%k Ii2Y%H%k%/ %b!<%?6nF0?.9f$N%Q%k%9I} Ii2Y%H%k%/ 8m:93QEY 7?HV kgf � cm/msec kgf � cm/degree S3801 1.05 1.95 S9303 0.53 1.46 S9204 0.62 1.41

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 72 � CM $O %Q %k %9 $N I} $H $7 $F Id 9f 2= $5 $l $k $N $G!$ EE 05 =P NO Ey $H Hf 3S $7 $F %N %$ %: $K 6/$$!% � %b!< %? $N =P NO EE 05 $J $N $G!$ %5!< %\ %b %8%e!< %k $N Fb It $N K‘ ;$ $J $I $K $h $k %H %k %/B;<:$,$"$k!% iii) %b!<%?6nF0?.9f!&%*%U%;%C%H3QEY!&%H%k%/$N7WB,<B83 3+ H/ $7 $? ?M 4V 7? %m %\%C %H $K ;H$C $F $$ $k J* $H F1 $8 7? $N %i %8 %3 %s %5!< %\ %b %8%e!< %k ( F utaba, S3801(14,0[kg � cm]), S9303(7.2[kg � cm]),S9204(12.6[kg � cm]) ) $r MQ $$ $F!$ Ii 2Y %H %k %/!$ %b!< %? 6n F0 ?. 9f $* $h $S 8m :9 3Q EY $N 4X 78 $r 7W B, $7 $?!% %i %8 %3 %s %5!< %\ %b %8%e!< %k $K $* $$ $F $O!$ %b!< %? 6n F0 ?. 9f $O %Q %k %9 I} $G $" $j!$ [msec] C1 0L $G7WB,$7$?!%7k2L$r Fig.5.20 !$ Fig.5.21 $K<($9!% Fig. 5.20 Ii2Y%H%k%/$H%b!<%?6nF0?.9f$N4X78 The relation b etw een the torque and the motor driving signal %i %8 %3 %s %5!< %\ %b %8%e!< %k $O!$ @) 8f <~ 4| $, 20[ms] $H D9 $/!$ $^ $? @: EY $O $" $^ $j 9b $/$J $$ $,!$ %H%k %/ ( � ) $H %b!<%? 6n F0?. 9f (V) $N 4X78!$ %H %k %/ ( � ) $H 8m :93Q EY $N 4X 78$,!$ $= $l$> $l $[$\ Hf Nc4X 78 $K$J$C $F $$$k $3$H $, 3NG’ $G $-$?!% %0 %i%U $+ $i;; =P $7 $?HfNc78?t$r!$ T able.5.2 $K<($9!%

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 71 Fig. 5.18 %5!<%\%7%9%F%‘$N%V%m%C%/?^ Blo ck diagram of servo mo dule E %b!<%? (M) $N3QEY ( � ) $r%Q%k%9I}$KJQ49 (H) $7$?CM D R $H E $N:9 ( %Q%k%9I} ) V I} 0 !A 18[ms] DxEY$N%b!<%? (M) $X$N=PNO%Q%k%9 ( D ! HfNc@)8f4o!\%"%s%W (G) ) Fig. 5.19 %i%8%3%s%5!<%\%b%8%e!<%k$NFbIt?.9fGH7A The sequence of radio con trol serv o mo dule $3$3$G!$%i%8%3%s%5!<%\$N%b!<%?=PNOFC@- ( <0 (5.1)) $r!$ F (V) = k V ( k : Dj?t ) (5.2) $H 2> Dj $9 $l $P!$ V $H � $r 7W B, $7 k $r ;; =P $9 $k $3 $H $K $h $j!$ %b!< %? 6n F0 ?. 9f (V) $+$i=PNO%H%k%/$r5a$a$i$l$k!% %i%8 %3 %s %5!<%\ %b %8%e!<%k $N %b!<%? 6n F0?. 9f $r MxMQ $7 $?%H %k %/7W B, $K $O!$<! $N $h $&$JFCD’$,$"$k!% � FCJL$J%;%s%5$NIU2C$,ITMW$G$"$k!%

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 70 5.6 22 <+M3EY?M4V7?%m%\%C%H \Haru" $N3+H/ K\@a$G$O!$ Fig.5.17 $r;}$D?M4V7?%m%\%C%H \Haru" $N3+H/$K$D$$$F=R$Y$k!% 5.6.1 <+M3EYG[CV <+ M3EY G[CV $O!$8T 4X@a 2 <+M3 EY!$I( 1 <+ M3EY!$B- <s 2 <+M3 EY!$8* 3 <+M3 EY!$9O 1 <+ M3EY!$<j<s 1 <+M3EY!$<s 2 <+M3EY$N!$9g7W 22 <+M3EY$H$7$?!% 5.6.2 %"%/%A%e%(!<%? %" %/ %A%e %(!< %? $K $O!$ F utaba <R @= $N LO 7? MQ %i %8 %3 %s %5!< %\ %b %8%e!< %k $r Mx MQ $9 $k!% $3 $l $N %b %8%e!< %k $O!$ %b!< %?!& %. %d $H %] %F %s %7%g %a!< %? $r Hw $(!$ Hf Nc @) 8f $r 9T $& %A%C %W $H %" %s %W $J $I $r Hw $( $F $* $j!$ MF 0W $K @) 8f $r 9T $& $3 $H $, $G $- $k!% @) 8f MQ ?. 9f @~!& EE 8; @~!& @\ CO @~ $N 3 @~ $N %$ %s %? %U%’!< %9 $r ;} $A!$ EE 8; @~ $K %b!< %? 6n F0 EE 05 $r!$ ?. 9f @~ $K Fig.5.2 $N $h $& $J L\ I8 3Q EY $K BP 1~ $7 $? %Q %k %9 $r F~ NO $9 $k $3 $H $K $h $j!$ Hf Nc @) 8f $K $h $j %5!<%\$r9T$&!% 5.6.3 %b!<%?6nF0?.9f$rMxMQ$7$?%H%k%/7WB, A4 <+ M3EY $N %H%k %/ $r7W B, $7$? $$>l 9g!$ 3F4X @a <4$K %H %k%/ %; %s%5 $r <h$j IU $1$k $N$, 0l HLE* $@$,!$%b!<%?$N=P NOEE05$rB,$k $3$H$K$h$j$= $N%H%k%/$rCN $k$3$H$,$G$- $k!%0J2<$G $O!$K\ O@J8$G3+H/$7 $?%m%\%C%H$N!$A4 <+M3EY$N%H%k %/7WB,$KMQ$$ $?<jK!$K$D$$ $F@bL@$9 $k!% i) %b!<%?6nF0?.9f$rMxMQ$7$?%H%k%/7WB,$N86M} Fig.5.18 $K <( $9 $h $& $J 0L CV %5!< %\ 7O $K $* $$ $F %b!< %? (M) $N A‘ :n NL V $H =P NO %H %k %/ � $N4V$K$O!$ � = F (V) ( F : %b!<%?=PNOFC@-$rI=$94X?t ) (5.1) $N 4X 78 $, $" $k!% =>$C $F!$ 4X ?t F $, $o $+ $l $P %5!< %\ 7O $N A‘ :n NL V $r 7W B, $7 $F =P NO %H%k%/$r5a$a$k$3$H$,$G$-$k!% ii) %i%8%3%s%5!<%\%b%8%e!<%k$N%b!<%?6nF0?.9f %i %8 %3 %s %5!< %\ %b %8%e!< %k $G $O!$ Fig.5.18 $K $* $1 $k 5- 9f $, 0J 2< $N CM $K BP 1~ $9 $k (Fig.5.19) !% R I}Ls 400 !A 2200[ � s] $NF~NO%Q%k%9 ( L\I83QEY$KBP1~ )

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 69 5.5 %7%9%F%‘A4BN?^ $3 $3 $^ $G $K =R $Y $?!$ Fs AX 9= B$ $N %V %l %$ %s $H BN Fb LAN $r Hw $( $? %\ %G%# $K $h $k!$ %7 %9 %F%‘$NA4BN9=B$$r!$ Fig.5.17 $K<($9!% Fig. 5.17 %m%\%C%H%7%9%F%‘A4BN?^ The whole rob ot system

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 68 5.4.5 $=$NB>$N%*%s%\%G%#%=%U%H%&%’%" DL ?. 0J 30 $N %* %s %\ %G%# %= %U %H %&%’ %" $b!$ 3+ H/ $7 $? %i %$ %V %i %j ( IU O? A ;2 >H ) $r MQ $$ $F9=C[$7$?!% $3 $3 $G $O!$%i %8 %3 %s%5!< %\ %b %8%e!<%k @) 8f %=%U %H %&%’ %" $KAH $_ 9~ $s$@!$ FC <l $J5! G= $K $D $$ $F =R $Y $k!% %i %8 %3 %s %5!< %\ %b %8%e!< %k $K $O!$ Fig.5.2 $K <( $9 %Q %k %9 $r M? $( $F 3Q EY $r@)8f$9 $k$,!$%Q%k%9@8@.$N%W%m%0%i%‘$OIUO? A $K<($9!% $3$3$G$O!$4X@a$rC&NO$5$;$k J}K!$K$D$$$F=R$Y$k!% %i %8 %3 %s%5!< %\ %b%8%e!< %k $O!$ EE8; EE NO $,6! 5k $5 $l$F $$ $F $b!$=j Dj $N%Q %k %9 $,F~ NO $5$l $J$1$l$P!$%b!<%? $K%H%k%/$rH/ @8$7$J$$!%$3$l $rMxMQ$7$F4X @a$rC&NO$5$; $k$3$H$, $G$- $k$h$&$K$7$?!% 6qBNE*$K$O!$ 3QEY;XNaCM$H $7$F!$%5!<%\$N2D F0HO0O30$NCM $,;XDj$5 $l$? >l9g!$%Q%k%9@8 @.$r9T$o$J$$ $h$&$K$7$?!%$3 $l$K$h$j!$%V%l %$%sB&$G4:$( $F2DF0HO 0O30$NCM$r;X<($9$k$3$H$K$h$j!$4uK>$N4X@a$rC&NO$5$;$k$3$H$,$G$-$k!%

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 67 $" $k!%$D $^$j!$ %V%l %$%s $N %7%j %"%k DL?. $N%= %U%H %&%’%" $H!$BN Fb LAN $N%O %V$N %=%U %H %&%’%"$r$J$k$Y$/:FMxMQ2DG=$J7A$K9=@.$9$Y$-$G$"$k!% $3 $& $7$? ;k E@$K N) $A!$%V %l %$%s $H %\%G%# $N 4V$N L5 @~%b %G %‘$r Mx MQ$7 $? %7%j %" %kDL ?. $rN.$l $k%G!<%?$N%U%)!<%^%C%H$r Fig.5.16 $K<($9HF MQ$J7A<0$KE}0l$7$?!% $J$*!$%G!<%? $O AD JQ 49 4o $N CM $J $I $N 3F Au CV $K 0M B8 $7 $? C1 0L NL $G I= $5 $l!$ 3Q EY $J $I $N Dj NL E* $J J* M} NL$X$NJQ49$O!$%V%l%$%s$N%7%j%"%kDL?.$N%$%s%?%U%’!<%9It$G9T$o$l$k (4.2.3 @a ) !% Fig. 5.16 %V%l%$%s!&%\%G%#4V$NDL?.%Q%1%C%H$N%U%)!<%^%C%H P ac k et format b etw een the brain and the b o dy data c o ding rule $O!$ 0xff $r %U%C %? $H $7 $F FC Dj $G $- $k $h $& $K!$ %G!< %? Cf $K $O 0xff $, 8=$l$J $$$h $&$K$7 $F$$$k!% $3$l $O!$;HMQ $7$? L5@~%b %G%‘ DSSNET $N<! $K$h$& $JFC@- $r9MN8$7$?$?$a$G$b$"$k!% DSSNET $O RS-232C $N%G!<%?$r FbIt$N%P%C%U%!$K3J G<$7!$0J2<$N$$$: $l$+$N>r7o $, K~ $? $5 $l $? ;~ $K!$ %P%C %U%! $K 3J G< $7 $? %G!< %? $r <B :] $K SS %f %K%C %H $+ $i Aw ?. $7 ;O $a $k!% %?%$%‘%"%&%H ( T ) RS-232C $+$iMh$k%G!<%?$, T [msec] 4V0J>eES@d$($?;~ %G!<%?D9 ( LEN ) RS-232C $+$iMh$k%G!<%?$,FbIt%P%C%U%!$K LEN [b ytes] N/$C$?;~ %G%j%_%?%3!<%I ( DEL ) RS-232C $+ $i DEL ( 0x00 � 0xff $+ $i $" $i $+ $8 $a A* Br $7 @_ Dj ) $H $$$&%G!<%?$,Mh$?;~ ( J#?t;XDj2D ) $= $N $? $a!$ AP J} 8~ $G 20[msec] <~ 4| $N DL ?. $r 9T $& $3 $H $, 5a $a $i $l $k ;~ $O!$ $$ $: $l $+ $N <j CJ$G L@<(E*$K%Q%1%C %H$r6h@Z$i$J $$$H!$J?6QDL?. B.EY$O9bB.$G $b%G!<%?99?7B. EY$O9bB. $G$O$J$/$J$k798~ $,$"$k!%$3$NLdBj$r2sHr$9$k$?$a$K!$ DEL=0xff $H$7$F0l%U%l!<%‘$N 4V $O%G %j%_ %? %3!<%I 0xff $,8= $l $:!$%U %l!<%‘ $N:G 8e $K$@ $18= $l$k $h$& $K $9$k $3$H $K$h $j!$0l%U%l!<%‘J,$N%G!<%?$,0l%U%l!<%‘;~4VKh$KAw?.$5$l$k$h$&$K$9$k$3$H$,$G$-$k!%

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 66 Fig. 5.15 L5@~%b%G%‘$NFbIt SS DL?.%f%K%C%H Spread sp ectrum comm unication unit in the radio mo dem

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 65 Fig. 5.14 L5@~%b%G%‘ (DSSNET) Radio mo dem (DSSNET) L5 @~ %b %G %‘ DSSNET $O!$ %" %k %$ %s %3 <R @= $N %9 %Z %/ %H %i %‘ 3H ;6 DL ?. (SS) L5 @~ Au CV $G $" $k %b %G %k XE642 $r ;H MQ $7!$ 9b B. $N RS232C L5 @~ DL ?. $r <B 8= $9 $k %b %G %‘ $G $" $k!% DSSNET $K@\ B3$5$l$k RS232C 5!4o $O!$L5<j=g $ND4JbF1 4|<0$rA[ Dj$7$F$* $j!$FCJL$J %W%m%H%3%k$rI,MW$H$;$:!$DL>o$N%1!<%V%k$G@\B3$5$l$?>uBV$HF1$8463P$G;HMQ$G$-$k!% RS232C It J, $O!$ DL ?. B. EY 1.2[kbps] !A 153.6[kbps] $G Aw ?. B& <u ?. B& $G 0[ $J $k B. EY $r @_ Dj $9 $k $3 $H $b =P Mh $k!% L5 @~ It J, (Fig.5.15) $O!$ 2484MHz $r ;H$C $? SS DL ?. $G!$ RS232C It J, $N %P%C %U%! $K N/$C $? 1 !A 1024[b yte] $N %G!< %? $r!$ %Q %1%C %H $K @Z$C $F @l MQ $N%W%m%H%3%k (HDLC <j=g$rMQ$$$?%(%i!<%U%j!< ) $GDL?.$9$k!% L5 @~ %b %G %‘ DSSNET $O!$ c~ BN $K F~$C $? >u BV (Fig.5.14) $G $O ?H D9 45[cm] $N %m %\%C %H \Haru" $K Ek:\ $9 $k$K $O $d$d Bg $-2a $. $k$,!$ Cf $N SS DL ?. %b %8%e!<%k (Fig.5.15) $H!$ HDLC %W %m %H %3 %k!& RS-232C JQ 49!& DL ?. %P%C %U%! $J $I $r Ek :\ $7 $? %b %G %‘ %f %K%C %H 4p HD $r <h $j =P $9 $H!$ $A$g $& $I \Haru" $N GX Cf $K Ek :\ $9 $k $3 $H $, $G $- $k Dx EY $N %5 %$ %: $K $J $k!% $= $3 $G!$ %V %l %$ %s B& ( %o!< %/ %9 %F!< %7%g %s $N %7 %j %" %k %]!< %H $K @\ B3 ) $O c~ BN $K F~$C $? >u BV $G @\ B3 $7!$ %\ %G%# B& ( BN Fb LAN $N %O %V ) $K $O 4p HD $N $_ $N >u BV $G @\ B3 $9 $k $3 $H $K $7$?!% DL?.%G!<%?$N%U%)!<%^%C%H :# 8e F1$8 9= @.$G ?7 $7 $$%m %\%C %H$r @= :n$9 $k ;~$d!$ $3 $l $^$G $K @=:n $5 $l$? %m %\%C%H $K BN Fb LAN $r Ek:\ $9$k >l9g $K!$:# 2s$N 3+H/ $K:] $7$? <jK! $rE> MQ$G $-$k$h $&$K $9$k $Y$- $G

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 64 B7$C$? $i$=$l$r%9 %l!<%VAw?.%P%C%U%! $KE>Aw$9$k $H$H$b$K!$3J G<$7$F$*$$$? %;%s%5%G!< %?$r%V%l%$%s$KAw?.$9$k!% $3$l$i$NDL?.$N7ABV$r Fig.5.13 $K<($9!% Fig. 5.13 BNFb LAN $NDL?.%W%m%0%i%‘ Comm unication softw are of onbo dy LAN 5.4.4 %V%l%$%s$H$N%$%s%?%U%’!<%9 L5@~%b%G%‘ %V %l %$%s $H %\%G%# $N 4V $O!$L5 @~ %b%G %‘ $rMx MQ $7$? D4 Jb F14| <0 %7%j %" %kDL ?. $K$h $j!$ %V %l %$ %s $H %\ %G%# $r J* M} E* $K J, N% $7 $? %j %b!< %H %V %l %$ %s %m %\%C %H $N Bh Fs @$ Be J} <0 [49] $G$"$k!% L5@~%b%G%‘$K$O!$%G!< %?%j%s%/<R@=$N DSSNET $H$$$&@=IJ (Fig.5.14) $r0J2< $N$h$&$JM}M3$G:NMQ$7$?!% � Hf 3S E* 9b B. $G $" $j ( :G 9b 153.6[kbps]) !$ 4X @a 3Q ;X Na CM $H 2h A| 0J 30 $N %; %s %5 >p Js $J $i!$ %i %8 %3 %s %5!< %\ %b %8%e!< %k $N <~ 4| $G $" $k 20[msec] Fb $K =< J, $J %G!< %? NL $r Aw <u?.$G$-$k!% � RS-232C $N HF MQ %$ %s %? %U%’!< %9 $N $? $a H8 $G Mx MQ 2D G= $G $" $k!% Ethernet $N %$ %s %? %U%’!< %9 $r ;} $D L5 @~ %b %G %‘ $O!$ DSSNET $h $j $d $d >. 7? $J $b $N $, ;T HN $5 $l $F $$ $k $,!$ BN Fb LAN $N %N!< %I $G $" $k H8 $, Ethernet $N %$ %s %? %U%’!< %9 $r ;} $F $J $$ $? $a!$ RS-232C $N %$ %s %? %U%’!< %9 $O M- 8z $G $" $k!% $b$C $H $b 5; =Q $N ?J Jb $O Aa $$ $N $G!$>.7?2=!&9b@-G=2=$O;~4V$H$H$b$K2DG=$K$J$k$b$N$@$,!% � 5[V] $N EE 05 $G F0 :n $9 $k!% %i %8 %3 %s %5!< %\ %b %8%e!< %k $N %b!< %? EE 8; EE 05 $r 6! 5k $9 $k Ni-Cd EE CS$O 6[V] $r =PNO$7!$ $=$l $r H8 MQ$K 5[V] $K$9 $k$? $a$K 3 C<;R %l%.%e %l!<%?$K$h$jDjEE05$rF@$F$$$k$N$G!$$=$l$r$=$N$^$^MxMQ$G$-$k!% � %( %i!< %U %j!< $N %W %m %H %3 %k $r Fb B" $9 $k!% $3 $l $K $h $j!$ DL >o $N M- @~ $N RS-232C $K $h$kDL?.$HA4$/F1$8$h$&$K07$&$3$H$,$G$-$k!%

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 63 Fig. 5.12 %*%s%\%G%#%W%m%;%C%5%b%8%e!<%k$N%\%G%#>e$NG[CV Arrangemen t of the pro cessor mo dules

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 62 � BNFb LAN $NDL?. � %V%l%$%s$H$N%$%s%?%U%’!<%9$N$?$a$NDL?. � %;%s%5%G!<%?<}=8 � %"%/%A%e%(!<%?@)8f � DL?.$d@)8f$N%?%$%_%s%0$r4IM}$9$k%?%$%^MxMQ � %O%s%0%"%C%W;~$N<+F0%j%;%C%H $J$I $N%=%U%H%&%’%" $O!$$=$N8e$N%W %m%0%i%‘3+H/ 8zN($r9MN8$9 $k$H!$%i%$%V%i %j2=$9$k $3$H$,K>$^$7$$!% I 2 C %P %9 $N DL ?.!$ %7%j %" %k DL ?.!$ AD JQ49!$ %i %8 %3 %s %5!<%\ %b %8%e!< %k @) 8f!$ %b!< %? 6n F0 ?. 9f $N 7W B,!$ %&%)%C %A %I%C %0 %? %$ %^ $J $I $N!$ H8/3334Y $N 3F 5! G= $r Mx MQ $7 $? %i %$ %V %i %j $r :n @. $7 $?!% %i %$ %V %i %j $N >\ $7 $$ 2r @b!& ;H MQ K! $O!$ 4, Kv $N IU O? A $K 7G :\ $9 $k $,!$B? $/$N%i%$%V%i %j$O3d$j9~$_ $r%Y!<%9$K$7$F!$ I,MW$J:n6H$r JBNs$K9T$($k $h$&$K3+ H/$7$?!% 5.4.3 I 2 C %P%9$rMxMQ$7$??@7P7O$N<BAu %W%m%;%C%5%b%8%e!<%k$NG[CV 3+ H/ $7 $?%W %m %;%C %5 %b%8%e!< %k $N %\ %G%#>e $N G[ CV$r Fig.5.12 $K <( $9!% 3F%W %m %;%C %5 $O I 2 C %P %9 $K $h $j @\ B3 $5 $l!$ Hub Lr $N %W %m %;%C %5 $O RS-232C $G L5 @~ %b %G %‘ $H $b DL ?. $9$k!% %H%k%/7WB, Lr$N%W%m%;%C%5 $O!$A4?H$N%H%k %/$r7WB,$7!$ 8*!&B-<s$KG[CV $5$l$?%W %m%;%C%5 $O!$$=$l$>$l>eH>?H!&2< H>?H$N%i%8%3%s%5!<%\ $N@)8f$H 3 <42CB.EY%;%s%5!&B- DlNO%;%s%5$N=PNO$N AD JQ49$r9T$&!% BNFb LAN $NDL?.%W%m%0%i%‘ %i %8 %3%s %5!< %\$X $N @)8f %Q %k%9 @8 @.$O 0l Dj<~ 4| $G9T $o $J$1 $l $P$J $i $:!$$^ $? @)8f %Q %k%9 @8@.Cf$O%Q%k %9I}$N@:EY$r 3NJ]$9$k$?$a $K!$3d$j9~$_$r 6X;_$7$F$$$k!% DL?.%i%$%V %i%j $O3d$j9~$_%Y!< %9$G<BAu$7$? $?$a!$%Q%k%9@8 @.Cf$ODL?.$r 9T$&$3$H$,$G $-$J$$!%$7 $?$,$C $F!$J,;6G[CV%W %m%;%C%5$,$=$l $>$l$NET9g$N $$$$%?%$%_%s %0$GDL?.$r9T $&$3$H$, $G $-$k $h$& $K!$J, ;6G[ CV %b%8%e!< %k$, >o$K %^%9 %?$H $J$k 7A$G!$ BNFb LAN $N DL?. %W%m %0 %i%‘$r<BAu$7$?!% Hub Lr$N %W%m%;%C%5 $O!$J,;6G[ CV%W%m%;%C %5$+$i $NMW5a$K 1~$8$F!$%9 %l!<%VAw?.!& %9%l!< %V<u?.$r9T $&7A$K$7$?!%$D $^$j!$J,;6G[CV %W%m%;%C%5$+ $i$N%;%s%5%G!< %?$OAw$i $l$F $-$?$b$N$r%a %b%j$K3JG<$7 $F$*$-!$%V%l%$ %s$+$i$N3QEY ;XNa%G!<%?$,0l %U%l!<%‘J,

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 61 � � _base_handler06: ; NMI push r0 mov.w #0x0,r0 mov.w r0,@OFFSET pop r0 jmp @_common_handler _common_handler: push r0 !cN,!d push r6 mov.w #_inttab,r0 mov.w @OFFSET,r1 add.w r1,r0 mov.w @r0,r2 jsr @r2 pop r6 !cN,!d pop r0 rte � � S %U%)!<%^%C%H$X$NJQ49 :n @. $7 $? <B 9T %U%! %$ %k $r H8 $N Flash R OM $X $H =q $- 9~ $‘ $? $a $K 0l C6 S %U%)!< %^%C %H $K JQ 49 $9 $k!% S %U%)!< %^%C %H $O %b %H %m!< %i $, %G!< %? $N 5- O? Ey $K :] $7 $F 5, Dj $7 $? %U%)!< %^%C %H $G $" $j!$ A4 $F ASCI I %3!< %I $G $" $k $? $a MF 0W $K Fb MF $r 8+ $k $3 $H $, $G $- $k!% S %U%)!< %^%C %H $O 1 9T $, 6 $D $N %U%#!< %k %I $+ $i $J $j!$ $= $l $> $l ASCI I J8 ;z ’S’ !$ %? %$ %W (0-9) !$ Bh 3 %U%#!< %k %I $^ $G $r =| $/ %U%#!< %k %I $r 9= @. $9 $k %P %$ %H ?t!$ %G!< %? $r G[ CV $9 $k %"%I%l%9!$%a%b%j>e$KG[CV$9$k%G!<%?!$%A%’%C%/%5%‘$rI=$9!% :n @. $7 $? <B 9T %U%! %$ %k $G $O %3 %^ %s %I %U%! %$ %k $K $7 $? $,$C $F text NN 0h $r R OM !$ data,bss NN 0h $r RAM $K G[ CV $7 $? >u BV $G $N <B 9T %3!< %I $, :n @. $5 $l $F $$ $k $,!$ A0 =R $N $h $&$K text,data NN0h$O R OM $K>F $-9~$‘I,MW$,$"$k$?$a!$ S %U%)!<%^%C%H$G$O <B9T%U%! %$ %k $+ $i text 5Z $S data NN 0h $r <h =P $7!$ text NN 0h $O 0 HV CO $+ $i!$ data NN 0h $O $= $N D> 8e$K G[CV$9$k!%$9$J $o$A!$<B9T%3!< %I$H$O0[$J$k %"%I%l%9$K%G!< %?$rG[CV$9$k $3$H$K$J $k $, data NN 0h$O %9 %?!< %H%"%C %W %k!< %A%s $K $h $j RAM NN 0h $K %3%T!< $5 $l $k $?$a <B 9T $K ;Y>c$O$J$$!% <B 9T %U%! %$ %k $+ $i $N text,data NN 0h $N <h =P $7 $O %U%! %$ %k @h F, $K $" $k %X%C %@ $r 2r @O $9 $k $3 $H $G 9T $&!% <B 9T %U%! %$ %k $O COFF 7A <0 $H 8F $P $l $k %U%)!< %^%C %H $G $" $j!$ @h F, It J, $K%U%! %$%k%X%C%@!$ %*%W%7%g%J%k %X%C%@!$%;%/%7%g %s%X%C%@$r;}$C $F$$$k!%$3 $l$i$N$& $A%* %W%7%g%J%k%X%C%@ $K3FNN0h$N%5 %$%:$d3+;OHV CO$,5-=R$5$l $F$$$k$?$a$3 $N>pJs$rMQ $$$k$3$H$G3F%;%/%7%g%s$NCj=P$,$G$-$k!% 5.4.2 %i%$%V%i%j$N3+H/ BNFb LAN $N3F%N!<%I$N%W%m%;%C%5$N%=%U%H%&%’%"$N3+H/$r9T$&$K$"$?$j!$

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 60 %9%?!<%H%"%C%W%k!<%A%s %9%?!<%H%"%C%W%k!<%A%s$NLr3d$O<!$N 2 $D$G$"$k!% � %j %;%C %H 8e!$ %9 %?%C %/ %] %$ %s %? $r @_ Dj $7!$ R OM Fb It $K 3J G< $5 $l $F $$ $k data NN 0h $r RAM NN 0h $K %3 %T!< $7!$ bss NN 0h $r =i 4| 2= $9 $k!% $3 $l $O K\ Mh data NN 0h $O RAM >e $K$" $k $b $N $G $" $k $,!$ EE8; @Z CG ;~ $K $b >p Js $, <:$o $l $J $$ $h $& $K $9 $k $?$a $K!$ data NN 0h$r R OM $K>F$- 9~$s$G$$$k $?$a$G$"$k!% $3$l$i$N=h M}=*N;8e main 4X?t $r 8F$S =P $9!%$3 $l $r<B 8= $9 $k%" %; %s%V %i %=!<%9 $r <!$K <( $9!%%9 %?%C %/%] %$ %s %?$K$O RAM NN0hCf$G:G8e$N6v?tHVCO$G$"$k 0xff7e $r@_Dj$7$F$$$k!% � � _start: mov.w #0xff7e,sp ; set sp jsr copy_data jsr clear_bss jsr _main ;call C main jmp _start � � � C 8@ 8l$G 3d $j9~ $_%k!< %A %s$r :n@. $7 $?>l 9g!$%l %8%9 %? $NBT HrEy $, 9T$o $l$J $$$? $a $K!$ %l %8 %9%? $N BT Hr!$ I| 5l $r 9T $&!% $3 $l $O6q BN E* $K $O (1) 3d $j 9~ $_ %Y%/ %? $N NN 0h $K$O%"%;%s %V%i$N3d$j9~$_ %O%s%I%i$r@_Dj $7!$ C 8@ 8l$G$N3d$j9~$_ %O%s%I%i$X$N %] %$%s %? $r G[ Ns $H $7$F J] ;} $7 $F $* $/!% (2) 3d $j 9~ $_ H/ @8 ;~$K $O $^ $: %" %; %s%V %i $N 3d $j 9~ $_ %O %s %I %i $, %l %8 %9 %? (R0-R6) $N BT Hr $r 9T $$!$ 3d $j 9~ $_ %Y %/ %? $K BP 1~ $9 $k C 8@ 8l$G$N3d$j9~ $_%O%s%I%i$r8F $S=P$7!$4X?t$+ $i$NI|5"8e$KBT Hr$7$?%l%8%9 %?$r I| 5l$9 $k $H$$ $& <j=g $G <B8= $5 $l$k!% $?$@ $7!$ $I$N 3d $j9~ $_ $,5/$C $F $$$k $+ $r CN$k $3 $H$O $G$- $J $$$? $a!$ 3d$j 9~$_ %O %s%I %iFb $K 3d$j 9~$_ HV 9f$r =q $-9~ $‘I, MW $, $" $k!% $3 $l $r <B 8= $9 $k %" %; %s %V %i %=!< %9 $r <! $K <( $9!% inttab $, C 8@ 8l $G $N 3d $j 9~$_ %O%s %I%i $NG[ Ns!$ OFFSET $, 3d$j 9~$_ %Y%/ %?$r CN$k $?$a $N3d $j9~ $_HV 9f$r 3J G<$9$kJQ?t$G$"$j!$$3$NNc$G$O 0 $r@_Dj$7$F$$$k!%

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 59 � � ../../binutils-2.6/configure \ --target=h8300-hitachi-hms \ --host=sparc-sun-solaris2.4 \ --program-suffix=h8300 \ --src=../../binutils-2.6 � � binutils $r make $7!$ %$ %s %9 %H!< %k 8e!$ gcc $K 4X $7 $F $b F1 MM $K con�gure %9 %/ %j %W %H$r MQ$$$F@_Dj$r 9T$$!$%3%s%Q%$ %i$N:n@.$r9T $&!%DL>o$N%M%$ %F%#%V%3%s%Q%$ %i$r:n@. $9$k :]$K$O:n@.$7 $?%3%s%Q%$%i$r MQ$$$F%3%s%Q %$%i$r:n$jD> $9$H$$$&$3$H $r9T$&$,!$%/ %m%9%3 %s%Q%$%i$r:n@.$9$k:]$K $O 1 2s$N $_:n@.$r9T$&!%DL>o%/%m%9 %3%s%Q%$%i$r:n$k:] $K $O C %i %$ %V %i %j $r :n $k $? $a $K %?!< %2%C %H $N OS MQ $N %$ %s %/ %k!< %I %U%! %$ %k $, I, MW $G $" $k $,!$ $3 $3 $G $O $= $l $K Aj Ev $9 $k $b $N $, $J $$ $N $G!$ inhibit_libc $r Dj 5A $9 $k $3 $H $G LdBj$r2sHr$7$F$$$k!% :G 8e $K$3 $l $i$N %D!< %k$r MQ $$$F <B 9T%U%! %$ %k$r :n @.$9 $k $?$a $K %j%s %+ $KM? $( $k%3 %^ %s %I %U%! %$ %k $r :n @. $9 $k!% $3 $l $O %j %s %+ $K %?!< %2%C %H $N %a %b %j G[ CV $d $I $N %; %/ %7%g %s $r $I $3 $K G[ CV $9 $k $+ $H $$$C $? >p Js $r CN $i $; $k $? $a $N %U%! %$ %k $G $" $j!$ NN 0h $, $" $U $l $F $$$J$$$+$I$&$+$J$I$r%A%’%C%/ $9$k$?$a$K$bMQ$$$i$l$k!% H8/300 $O 3 $D$NF0:n%b!<%I !JFb B" ROM L5 8z 3H D% %b!< %I!$ Fb B" ROM M- 8z 3H D% %b!< %I!$ %7 %s %0 %k %A%C %W %b!< %I!K $r;}$C $F$$$k$,$3$3 $G$O%7%s%0%k %A%C%W%b!<%I$G$N 1?MQ$rA0Ds$H $7$F$$$k$?$a $K<!$N$h $& $J%3 %^%s%I %U%!%$ %k$r :n@. $7$?!%$3 $l$K $h$j!$ text NN0h $O R OM $K data,bss NN0h$O RAM $K$*$+$l$?>uBV$G$N<B9T%3!<%I$,=PNO$5$l$k!% � � __DYNAMIC = 0; SECTIONS { .text 0x0000: { CREATE_OBJECT_SYMBOLS *(.text) _etext = ALIGN(0x2); }>rom .data 0xFB80: { *(.data) CONSTRUCTORS _edata = ALIGN(0x2); }>ram .bss SIZEOF(.data) + ADDR(.data) : { __bss_start = .; *(.bss) *(COMMON) _end = . ; __end = . ; }>ram } MEMORY { rom : ORIGIN = 0, LENGTH = 32K ram : ORIGIN = 0xFB80, LENGTH = 1K } � �

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 58 Fig. 5.11 %*%s%\%G%#%W%m%;%C%5$N%=%U%H%&%’%"3+H/$NN.$l The dev elopmen t of the soft w are of on b o dy pro cessor

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 57 5.4 %*%s%\%G%#%W%m%;%C%5$N%=%U%H%&%’%"3+H/ K\@a$G$O!$AH$_9~$_MQ%W%m%;%C%5>e$N%=%U%H%&%’%"$K$D$$$F=R$Y$k!% 5.4.1 %*%s%\%G%#%=%U%H%&%’%"3+H/4D6- AH $_9~$_ MQ%W %m%;%C%5 $O!$ RAM(1[KByte]), %U %i%C%7%e R OM(32[KByte]) $H $$$& %a %b %j 9= @. $J $N $G!$ %= %U %H %&%’ %" $O %U %i%C %7%e ROM $K CV $/ $3 $H $K $J $j!$ $= $N %W %m %0 %i%‘$O%o!<%/%9%F!<%7%g%s>e$J$I$G%/%m%93+H/$G$-$k$3$H$,5a$a$i$l$k!% K\ @a $G $O%m %\%C %H $N%\ %G%# $K AH $_9~ $‘ %o %s%A%C %W %W %m%;%C %5 H8/300 %7 %j!< %:$N %= %U %H %&%’ %" 4D 6- $r Sun Sparc Station >e $K GNU $N %D!< %k $r MQ $$ $F 9= C[ $9 $k J} K! $r <( $9!%$J$*!$K\4D6-$r9=C[$9$k$K$"$?$j!$ [47] $*$h$S [48] $r;29M$K$7$?!% %=%U%H%&%’%"4D6-35MW H8 MQ$N%=%U%H%&%’%"3+H/$N35MW$r Fig.5.11 $K<($9!% $3$N3+H/4D6-$N9=C[$N<j=g$O<!$N$h$&$K$J$k!% 1. %3%s%Q%$%i!$%"%;%s%V%i!$%j%s%+Ey$N:n@. 2. R OM $+ $i $N <B 9T $H!$ C 8@ 8l $+ $i 3d $j 9~ $_ $r 07 $( $k $h $& $K $9 $k $? $a $N %9 %?!< %H %"%C%W%k!<%A%s$N:n@.!% 3. <B 9T %U%! %$ %k $r H8 $N Flush R OM $X >F $- 9~ $‘ :] $K %@ %& %s %m!< %I $9 $k $? $a $N S %U%)!<%^%C%H$X$NJQ49%D!<%k$N:n@.!% %3%s%Q%$%iEy$N%D!<%k$N:n@. %o!< %/ %9 %F!< %7%g %s >e $G $N %/ %m %9 3+ H/ $r 9T $& $? $a $K!$ %" %; %s %V %i!$ %3 %s %Q %$ %i!$ %j %s%+ Ey$r GNU $N%D!< %k$r MQ$$ $F:n @.$9 $k!%;H MQ$9 $k$N$O gcc,binutils $N 2 $D $N%Q%C %1!< %8 $G gcc $O C %3 %s %Q %$ %i!$ bin utils $O %" %; %s %V %i!$ %j %s %+!$ %"!< %+ %$ %P Ey $N 3+ H/ $K I, MW $J %D!< %k $r 4^ $s $G $$ $k!% 8= ;~ E@ $G $N $= $l $> $l $N :G ?7 %P!< %8%g %s $O 2.7.2 5Z $S 2.7 $G$"$j!$9qFb$N$$$/$D$+$N GNU $N%_%i!<%5%$%H$+$i$bF~<j$9$k$3$H$,$G$-$k!% C %3 %s%Q %$ %i$r :n$k $? $a$K $O%" %; %s%V %iEy $, I,MW $K$J $k $N$G!$ bin utils $r $^ $::G =i $K :n @.$9 $k!% bin utils $N :n@. $O$^ $: :G=i $K B?$/ $N GNU $N%D!< %k $HF1 $8 $/ con�gure $H $$$& %7%’%k%9%/%j%W %H$rMQ$$$F:n @.4D6-$N@_Dj $r9T$&!%$3$3$G $O%D!<%k$r<B:] $KF0$+$9 %^ %7 %s !J%[%9 %H!K $N OS $, Solaris2.4 !$$G $- $? <B9T %U%! %$ %k $r<B :] $K F0 $+$9 BP >] !J%?!< %2%C%H!K$, h8300 $G$"$k$N$G!$0J2<$N$h$&$K$7$F con�gure $r<B9T$9$k!%

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 56 J,;6%N!<%IMQ%W%m%;%C%5%b%8%e!<%k H8{02 H8{02 $O!$ %m %\%C %H $N %\ %G%# >e $N MM!9 $J It J, $K MF 0W $K <h $j IU $1 $F ;H MQ 2D G= $J $h $& $K!$ %5 %$ %:!& 5! G=!& 9= B$ $r 8! F$ $7 $? 7k 2L!$ Fig.5.9 $N $h $& $J 7A >u $H $7 $?!% H8 $N %A%C %W 0J30 $NItIJ$O6KNO GS=|$7!$>.7?2= $N%]%$%s%H$H $J$k%3%M%/%? $K$D$$$F$O!$<B Au>e$NMxJX $r9MN8$7$FI8=‘E*$J 2.54mm %T%C%A$r;HMQ$7$?!% $3 $N 4pHD $O ItIJ LL $r 2<$K $7 $F;H MQ $7!$%3 %M %/%? $r %Y!< %9$K $7 $F%\ %G%# $X<h $j IU$1 $i $l$k $h$&$K9MN8$5 $l$F$$$k!%$^$?!$ 4pHD$K%3%M%/ %?$r<h$jIU$1 $?:]$N9b$5$r M^$($F!$$+ $D >l =j $r <h $i $J $$ $h $& $K!$ %T %s $r 4p HD LL $K BP $7 $F ?e J? $K =P $7!$ 4p HD $N J% $+ $i Cf 1{ $X 8~ $+$& J}8~$K@_CV$7 $F$$$k!%$3$N$h $&$J9=B$$K$9 $k$H!$2sO)$r4p HD$G%+%P!<$G$- $k$HF1;~ $K!$%3 %M%/%?<+BN$b 4pHDA4BN$rJ$ $&$h$&$K$J$j!$ <h$j07$$$NMF 0W$5$H0BA4@- $rN>N)$5$; $k$3$H$,$G$-$k (Fig.5.10) !% $^ $?!$ %3%M %/ %?$N %T %s $K@\ B3 $9$k %]!< %H$N A* $SJ} $r 9) IW$7!$ 8B $i$l $? %T%s ?t $G%G %8 %? %k F~ =P NO!$ %" %J %m %0 F~ =P NO!$ PWM ?. 9f =P NO!$ $H $$$C $? B? MM $J Mx MQ L\ E* $K BP 1~ $7 $F $$$k!% Fig. 5.9 H8{02 $N304Q The external app earance of H8{02 Fig. 5.10 %3%s%Q%/%H$J H8{02 ( B&LL ) Miniaturization of H8{02 (side view)

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 55 T able 5.1 H8{01 $N 3 $D$N%W%m%;%C%5$N5!G=J,C4 The roles of eac h three pro cessors on H8{01 H8 (A) %"%/%A%e%(!<%?@)8f A/D JQ49 H8 (B) %Q%k%9?.9f<u?. RS-232C DL?. H8 (C) %9!<%Q!<%$%s%]!<%: A/D JQ49 %^%H%j%/%92sO)@)8f RS-232C DL?. Fig. 5.8 H8{01 $N304Q The external app earance of H8{01

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 54 $3$l$i$N4pHDF1;N$NDL?.$N$?$a$K!$ I 2 C %P%9%$%s%?%U%’!<%9$r;HMQ$9$k ( Bh 5.2 @a ) !% $^ $?!$ $3 $N $? $a $N DL ?. %P %9 %3 %M %/ %? $O 1 Kg $N 4p HD $K J# ?t G[ CV $7!$ <B Au $9 $k %m %\%C %H $N 7A>u $K$"$o$; $F<+M3$JJ* M}E*7A>u$N G[@~$,2D G=$H$7$?!%$J $*!$%=%U%H%&%’ %"3+H/$O WS >e $N GCC $K $h$k%/ %m%93+H/ 4D6-$r MxMQ$7!$ 4pHD>e $N%@%&%s %m!<%I!&%3 %M%/%? $rDL$7 $F %A%C%WFb$K%W%m%0%i%‘$r=q$-9~$‘$3$H$,$G$-$k$h$&$K$7$?!% %V%l%$%s!&%$%s%?%U%’!<%9MQCf3K%W%m%;%C%5%b%8%e!<%k H8{01 H8{01 $K $O!$ 3 8D $N H8 %W %m %;%C %5 A, B, C !$ 5Z $S 3F <o <~ JU %$ %s %? %U%’!< %9 2s O) $r Ek :\ $7 $?!% 3F %W %m %;%C %5 $N =h M} Fb MF $d %= %U %H %&%’ %" 9= @. $r 9M N8 $7!$ Fig.5.7 !$ T able.5.1 $K<($9$h$&$J5!G=9=@.$H$7$F$$$k!% Fig. 5.7 H8{01 $N5!G=9=@. F unctional arrangemen t of H8{01 3F 5! G= $O!$ ;n :n %b %8%e!< %k $K $* $$ $F %F %9 %H $7 $? $b $N $G $" $k $,!$ H8{01 $K FC M- $N 5! G=!&FCD’$r0J2<$K@bL@$9$k!% � %^%H%j%/%92sO)@)8f H8{01 $O %; %s %5!& %9!< %D [45] $r Ce $? %m %\%C %H igoid[46] $K $b Ek :\ $9 $k $3 $H $r 9M N8 $7$F @_ 7W $7$?!% %; %s %5!&%9!< %D $N?. 9f $r =hM} $9 $k$? $a $K!$ %@%$ %*!< %I$r ;H$C $? 0l HLE* $J %^%H %j%/ %9 2sO) $K $=$N $^$^ @\ B3$7 $F;H MQ 2DG= $J%3 %M %/%? $r @_CV $7$?!% %^ %H %j%/%92sO)$N@)8f$O H8 FbB"$N5!G=$rMxMQ$7$FMF0W$K<B8=$G$-$k!% � %3%M%/%?!&%9%$%C%A!& LED $NEk:\ 1 Kg $N H8{01 $K $$ $/ $D $b $N H8{02 $r @\ B3 $9 $k $H $$$C $? MQ ES $r 9M N8 $7!$ DL ?. MQ %P %9$N $? $a$N %3%M %/%? $r 4 8D@_ CV $7$?!% $^$?!$ ;H MQ$9 $k:] $NMx JX $N$? $a$N HF MQ$N %9 %$%C %A $d LED $N B>!$ 4p HD >e $K Ek :\ $7 $? H8 $r %f!< %6 $, <+ M3 <+ :_ $J L\ E* $K ;H MQ $G $-$k$h$&$K!$HFMQ$N%3%M%/%?$r@_CV$G$-$k$h$&$J@_7W$K$J$C$F$$$k!%

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 53 Fig. 5.6 ;n:n%b%8%e!<%k$rI(!&8*$KEk:\$7$??M4V7?%m%\%C%H \Haru" Humanoid rob ot \Haru" with trail mo dules on its shoulders and knees

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 52 Fig. 5.4 ;n:n%b%8%e!<%k$K$h$kBNFb LAN $N9=@. First version of on b o dy LAN using trail pro cessor mo dules Fig. 5.5 %i%8%3%s%5!<%\@)8f!u%]%F%s%7%g%a!<%?FI$_9~$_MQ An example of trail mo dules

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 51 CM $r F@ $k $3 $H $, $G $-!$ 4J 0W %H %k %/ %; %s %5 $H $7 $F Mx MQ $G $- $k!% K\ O@ J8 $G 3+ H/ $7 $? %m%\%C%H$N%"%/%A%e%(!<%?$H$7 $F:NMQ$7$?!$%i%8%3%s%5!<%\%b%8%e!<%k (5.6.2 @a ) $N >l 9g!$ %b!< %? 6n F0 EE 05 $O 50[Hz] $N PWM =P NO $K $J$C $F $* $j!$ Fb It 4p HD $N %b!< %?6n F0 EE05 ?.9f $N %i%$ %s $r0z $-=P $7 %Q%k %9I} $r FI$_ $H$j!$ $3 $NCM $r MQ$$ $F%H %k %/ %;%s%5$NBeMQ$H$7$F$$$k ( >\$7$/$O 5.6.3 @a;2>H ) !% $3$N ;n:n%b %8%e!<%k $G$O!$ $3$N ?.9f$r FI$_ $H$j!$ $=$l$r I 2 C %P %9$r DL$7$F Aw?. $9 $k!% %7%j%"%kDL?.!u AD JQ49MQ $3$N ;n :n %b%8%e!< %k $O!$%V %l %$%s $H $N%$ %s %? %U%’!<%9 $K L5@~ %b %G%‘ $r Mx MQ$7 $? %7 %j%" %kDL?. $rA[Dj $7!$ I 2 C %P%9$N DL?. $@$1$G $J$/D4 JbF1 4|<0%7 %j%" %kDL?. $bF1 ;~ $K9T $& $H$$ $& $b$N $G $"$k!% D4 JbF1 4| <0%7 %j%" %k DL?. $O!$ %7%j %" %k%]!< %H $r2p $7 $F %o!<%/ %9 %F!<%7%g %s >e$N %V %l%$ %s $N %=%U %H %&%’%" $H DL?. $r 9T$& $3 $H$r A[ Dj$7 $F $$ $k!% $= $3 $G!$ H8 $N =P NO %l %Y %k EE 05 $r RS-232C %l %Y %k $K JQ 49 $9 $k $? $a $N %A%C %W $rEk :\ $7$?!% %V %l%$ %s $H$N %$ %s%? %U%’!< %9MQ $G $"$C$F $b!$ DL?. $N 6u$- ;~ 4V$K I/O $d AD $r <h $j 9~ $‘ I, MW$b 9M $(!$ AD JQ 49F~ NO %T %s ( %G %8 %?%k F~ NO %T %s $H$7 $F $b Mx MQ2D )8 %A%c%s%M%k$K%3%M%/%?$r$D$1$?!% 5.3.3 ;n:n%b%8%e!<%k$N?M4V7?%m%\%C%H$X$NEk:\ $3 $l $i $N ;n :n %b %8%e!<%k $r MQ $$ $F!$ ?M 4V 7? %m %\%C%H \Haru" $N =i 4| HG $K $*$$ $F!$ BN Fb LAN $r ;n :n $7 $? (Fig.5.4) !% ;n :n %b %8%e!< %k $N 0l Nc $r Fig.5.5 $K!$ $3 $l $i $r Ek :\ $7 $? =i 4| HG $N \Haru" $N <L ?? $r Fig.5.6 $K <( $9!% ;n :n %b %8%e!< %k $O!$ %i %8 %3 %s %5!< %\ @) 8f !u %]%F%s%7%g%a!<%?FI$_9~$_MQ$,!$N>I($*$h$SN>8*$K<h$jIU$1$i$l$F$$$k!% 5.3.4 HFMQ%W%m%;%C%5%b%8%e!<%k \H8{01" !$ \H8{02" $N@_7W!&@=:n A0 @a (5.3.2 @a ) $K =R $Y $? ;n :n %b %8%e!< %k $* $h $S!$ $= $l $K $h $k BN Fb LAN $N ;n :n $r ;2 9M$K!$ %W%m%;%C%5J,;6 G[CV$N$?$a $N9=B$$N:F8! F$$r9T$$!$$5$i $K>.7?2=!$9b5! G=2=$7$? BNFb LAN $r9=C[2DG=$J%W%m%;%C%5%b%8%e!<%k H8{01, H8{02 $r@_7W$7$?!% H8{01 $O!$ 2DG=$J8B $j>/$J $$%9%Z!< %9$K!$%V %l%$%sB& $H$NDL ?.%$%s %?%U%’!<%9 $r<g $H $7 $? %m %\%C %H $K I,MW $J 5! G= $N $[ $H $s $I $r=8 @Q $5 $; $k $3 $H $r L\ I8$K @_ 7W $7!$ BN Fb LAN $N Cf 3K $H $J $k 5! G= %b %8%e!< %k $G $" $k!% 0l J}!$ H8{02 $O %" %/ %A%e %(!< %? @) 8f $d %; %s %5 >p Js<h F@$N$?$a!$%\%G%# >e$K$$$/$D$b J,;6$5$;$F;H MQ$9$k$3$H$r G0F,$KCV$-!$%3 %s%Q%/%H $J%5 %$%:$G%3%M%/ %?$NG[CV$J$I $,<BAu>eLdBj $K$J$i$J$$$h $&$J7A>u$K$7 $F!$%\%G%#>e$N $"$i$f$k2U=j$KMF0W$K<h$jIU$1$i$l$k$h$&$K@_7W$7$?!%

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 50 %Q%k %9@8@. 4|4V $r=| $$$?;~ 4V$r MxMQ $7$F!$ AD JQ49 $H!$3QEY ;XNa CM$N <u?.!&%] %F %s%7%g%a!<%?$N AD CM$NAw?.$r9T$&!%Aw<u?.$O I 2 C %P%9$rMQ$$$?DL?.$G$"$k!% %i%8%3%sMQL5@~%Q%k%92r@OMQ %i%8%3%s%5!<%\%b%8%e!<%k$OK\Mh!$%i%8 %3%sA‘=D4o ( %W%m%]$H8F$P$l$k ) $NCf$G!$ Aw?.4o$K Pulse Position Mo dulation (PPM) $K$h$k Fig.5.3 $N$h$&$JGH7A$,F~NO $5$l$k!%3F%Q%k%9$NN)$A>e$,$j%(%C%8$N4V3V ( t 1 !A t 8) $,L\I83QEY$KBP1~$9$k!% %i %8%3 %s %5!<%\ MQ $N Aw?. 4o $K PPM $K$h $j A4 <+M3 EY J, $NL\ I8 CM $rF~ NO $7!$ 3F%Q %k %9 $N N) $A >e $, $j %(%C %8 $N 4V 3V t ( L\ I8 3Q EY $K BP 1~ ) $r 7W B, $9 $k $H $$ $& 7A BV $G L5 @~ DL ?. $r 9T$C $?!% 3F t $O 0.4 !A 2.2[msec] Dx EY $@ $,!$ 22 <+ M3 EY J, $G $O 20[msec] $K <} $^$i$:!$<~4|$O 50[msec] $H$7$?!% $3$N ;n :n %b%8%e!< %k $O!$%i %8 %3%s %5!< %\MQ <u ?. 4o$N ?. 9f@~ $+ $i%Q %k %9 $r7W B, $7!$ $=$NCM$r3F%5!<%\@)8fMQ4pHD$K I 2 C %P%9$rDL$7$FAw?.$9$k!% Fig. 5.3 %i%8%3%s%5!<%\MQL5@~GH7A Pulse p osition mo dulation %9!<%Q!<%$%s%]!<%:MQ $3$N ;n :n%b %8%e!< %k$O!$ %\ %G%#$+ $i %V %l%$ %s $X3F %; %s%5 >p Js$r Aw ?.$9 $k $?$a $N %b %8%e!<%k $G $" $k!%%; %s %5 >pJs $N %\%G%# $+ $i %V%l %$ %s$X $N %G!< %?$N Aw ?.$O!$ %" %J %m %01GA|?.9f$X$N=E>v ( %9!<%Q!<%$%s%]!<%: )[44] $K$h$C$F9T$C$F$$$?!% %m %\%C %H $N F, It $K $O %+ %a %i $, Au Ce $5 $l $F $* $j!$ $3 $N 1G A| $r L5 @~ $G %V %l %$ %s $X Aw ?.$7 $F 2hA| =h M}$r 9T $J$C$F $$ $k$,!$ $3 $N1G A|$N 0l ItJ, $K %;%s %5 >pJs $r %9!<%Q %$ %s %]!< %: $7 $F Aw ?. $9 $k!% $3 $N $? $a!$ %V %l %$ %s $X $N %G!< %? Aw ?. <~ 4| $O NTSC 5, 3J $K $h$j 33ms $H$J$k!% %b!<%?6nF0?.9f7WB,MQ 4X @a 6n F0 MQ %b!< %? $N 6n F0 ?. 9f $r 7W B, $9 $k $3 $H $K $h $j!$ =P NO %H %k %/ $H $[ $\ Ey 2A $N

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 49 ;n :n $7 $? %W %m %;%C %5 %b %8%e!< %k $O!$ CPU $r =i $a $H $9 $k Bg It J, $N It IJ $r 4p HD >e $K I= LL <B Au $7!$ %b %8%e!< %k $N >. 7? 2= $r ?^$C $?!% H8/3334YF-ZT A T $O 80 %T %s QFP %Q%C %1!< %8 (17.2mm � 17.2mm) $r ;H MQ$7 $?!% I= LL <B Au4p HD $O 8& 5f << %l%Y %k $N 4D 6- $G$b == J, $K@=:n2DG=$G$"$j!$K\O@J8$G$O4pHD@=:n$r!$ 1. CAD $K$h$kN>LL4pHD%Q%?!<%s@_7W 2. N>LL4pHD$N@Z:o2C9) 3. %/%j!<%‘$O$s$@EII[ 4. ItIJ<BAu 5. %[%C%H%W%l!<%H$K$h$k2CG. $H$$$&9)Dx$G9T$J$C$?!% ;n :n $7 $? %W%m %;%C %5 %b %8%e!<%k $r 0J 2< $K 5s$2!$ 3F ;n :n %b%8%e!< %k $H ;n :n %b%8%e!< %k $rEk:\$7$?%m%\%C%H$K$D$$$F@bL@$9$k!% %i%8%3%s%5!<%\@)8f!u%]%F%s%7%g%a!<%?FI$_9~$_MQ 3F4X @a $N %"%/ %A%e %(!<%? $H $7$F ;H $o$l $F $$ $k%i %8 %3%s %5!< %\%b %8%e!< %k $X$N 3Q EY ;XNaCM$O!$ Fig.5.2 $K<($9$h$&$J %Q%k%9I} t 1 $GM?$($k!%$^$?!$%b!<%?=P NO<43QEY $NFI $_ <h $j$O!$ %i %8 %3%s %5!< %\%b %8%e!< %k Fb$N 4p HD$+ $i %] %F%s %7%g %a!<%? $N ?. 9f @~$r0z$-=P$7!$$=$l$r AD JQ494o$KDL$7$F9T$J$&!% Fig. 5.2 %5!<%\%b!<%?$XM?$($k%Q%k%9GH7A The pulse given to RC serv o mo dules $3$N ;n :n%b %8%e!< %k$G $O!$ 5 %A%c%s %M %k$N %i %8%3 %s %5!<%\ @) 8f$H!$ 5 %A%c %s%M %k $N AD JQ49$r9T$&$3$H$,$G$-$k!%

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 48 5.3 BNFbAH$_9~$_MQ%W%m%;%C%5%b%8%e!<%k$N3+H/ 5.1.3 @a $G5s$2 $?>.7?!&7Z NL!&Dc>C HqEENO $H$$$C$? >r7o$rK~ $?$9!$BN FbAH$_ 9~$_MQ %W %m%;%C %5%b%8%e!<%k $r3+H/$7$?!% K\@a$G$O!$%W %m%;%C%5$NA* Dj!$%W%m%;%C %5%b%8%e!<%k $N;n :n$*$h$S;n :n$7$?%b%8%e!< %k$N%m%\%C%H$X $NEk:\!$$=$7 $FHFMQ%W%m %;%C%5%b%8%e!< %k \H8-01" !& \H8-02" $N@_7W!&@=:n$H%m%\%C%H$X$NEk:\$K$D$$$F@bL@$9$k!% 5.3.1 %W%m%;%C%5$NA*Dj %W %m %;%C %5 %b %8%e!< %k $K ;H MQ $9 $k CPU $N 8u Jd $H $7 $F!$ Micro c hip <R $N PIC !$ F| N)!$ NEC !$ IY ;N DL!$ ;0 I) $N %o %s %A%C %W %^ %$ %/ %m %3 %s %H %m!< %i $+ $i 0J 2< $N J} ?K $G A* $s $@!% 1. Bh 5.2 @a$G=R$Y I 2 C %P%9$N%$%s%?%U%’!<%9$rHw$($k!% 2. R OM FbB"$G$"$j!$ One-Chip $GF0:n2DG= 3. 8=>l$G$N ROM =q$-9~$_$,$G$-!$<j:n$j$,2DG= 4. %;%s%5>pJsFI$_9~$_$N$?$a$N!$ I/O $d AD JQ49$J$I$rHw$($k!% 5. C 8@8l$r;H$C$FC;4|3+H/$,$G$-$k K\O@J8$G:NMQ$7$?F|N)$N H8 %7%j!<%:$O!$0J>e$N>r7o$rK~$?$9%W%m%;%C%5$G$"$k!% @= :n $7 $? 3F %W %m %;%C %5 %b %8%e!< %k $O!$ F| N) $N H8 %7 %j!< %: $r 3K $K $7 $F 9= @. $5 $l $F $$ $k!% H8 %7 %j!< %: $O H8/300 CPU $r 3K $K $7$? %7 %s %0 %k %A%C %W %^ %$ %/ %m %3 %s%T%e!< %? $G $" $j!$ K\ O@ J8 $G $O $3 $N Cf $+ $i!$ :G 9b F0 :n <~ GH ?t 16MHz !$ K- IY $J <~ JU 5! G= Fb B" (ROM 32KB, RAM 1KB, 4 <oN‘ $N%?%$%^ , %7%j%" %k%]!<%H , 10bit A/D JQ494o , 8bit D/A JQ 494o , %[%9%H%$%s%?%U%’!<%9 , :GBg 66 K\ $N I/O %]!<%H , etc.) !$%U%i%C%7%e%a%b%j$r Ek:\ $7!$ %*%s%\!< %I$G$N %W%m%0 %i%‘=q 49$($, 2DG=!$ Philips <RDs>’ $N I 2 C %P%9%$ %s%?%U%’!< %9FbB"!$$H$$$C$?FCD’$r;}$D H8/3334YF-ZT A T $r;HMQ$7$?!% K- IY $J<~ JU 5!G= $K $h $jI, MW $JIU 2C 2sO) $O $o$: $+ $G $"$j!$ %m %\%C%H %\ %G%#$X $N AH$_ 9~ $_$, 2DG=$J>.7? 2=$5$l$?%b%8%e!< %k$r@=:n$9$k $3$H$,2DG= $H$J$k$HF1;~ $K!$%b%8%e!<%k 3+H/ $,MF0W$K$J$C $?!%$^$?%U%i%C %7%e%a%b%jEk :\$K$h$j!$%m %\%C%H%\%G%#>e $K%W%m%;%C %5%b %8%e!<%k$rAH$_ 9~$s$@$^$^$N >uBV$G3F%b%8%e!< %k$N%W%m%0 %i%‘$,99?7$G $-$k$?$a!$ 8zN(E*$J%W%m%0%i%‘3+H/:n6H$,2DG=$G$"$k!% 5.3.2 %W%m%;%C%5%b%8%e!<%k$N;n:n %b %8%e!< %k $N;E MM $J $I$r 7h Dj $9$k $? $a $K!$$^ $: %W %m %;%C%5 %b %8%e!< %k$r ?t <o N‘;n :n $7$?!%

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 47 Fig. 5.1 I 2 C %P%9$NF0:n%?%$%_%s%0 Data transfer on I 2 C-bus lines 3+;O>r7o SCL $, HIGH $N >u BV $G SD A $r HIGH $+ $i LO W $K $9 $k!% $3 $N JQ 2= $r 8! =P $9$k$H%P%9%S%8!<$H$J$k!% =*N;>r7o SCL $, HIGH $N >u BV $G SD A $r LO W $+ $i HIGH $K $9 $k!% $3 $N JQ 2= $r 8! =P $9$k$H%P%9$O2rJ|$5$l$k!% 3+ ;O >r 7o $r 8! =P $9 $k $H %P %9 %S %8!< $H $_ $J $5 $l!$ =* N; >r 7o $r 8! =P $9 $k $H %P %9 $O 2r J| $5 $l $? $H $_ $J $5 $l $k!% %G!< %? E> Aw Cf $N SD A $N >u BV $N JQ 99 $O SCL $, LO W $N ;~ $K 9T $o $l!$ SCL $, HIGH $N;~$K SD A $N>uBV$,JQ2=$9$k$H3+;O>r7o$+=*N;>r7o$K$J$k!% #12s$N%G!< %?E>Aw$O3+;O>r7o$+$i=*N;>r7o$^$G$G5,Dj $5$l!$ 8bit $rC10L $K9T$o$l$k (Fig.5.1 ) !% %^%9 %?$O!$3+ ;O>r 7oAw =P8e:G =i$N 8bit $G!$%9 %l!<%V %"%I%l %9$N ;XDj $H%G!< %? $N E> Aw J} 8~ $N ;X Dj $r 9T $$!$ 0J 8e =* N; >r 7o $^ $G $O!$ 8bit $r C1 0L $K G$ 0U $N NL $N %G!< %? $, E>Aw$5$l$k!%

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 46 5.2.2 B?%G%P%$%9@\B32DG= I8 =‘ $G 128 $N %G %P %$ %9 $r @\ B3 $9 $k $3 $H $, $G $-!$ $5 $i $K ID $N 3H D% $r 9T $( $P L5 @) 8B $N %G %P %$ %9 $r @\ B3 $9 $k $3 $H $, $G $- $k!% $3 $l $O!$ BN Fb LAN $N %N!< %I $N ?t $H $7 $F $O =< J, $J %-%c%Q%7%F%#$H8@$($k!% $^ $?!$ @\ B3 $G $- $k %G %P %$ %9 $N <o N‘ $b I 2 C %P %9 %$ %s %? %U%’!< %9 $r ;} $D %W %m %;%C %5 $d PC $N$_$J$i$:!$ AD JQ494o$H I 2 C %9%l!<%VAw?.5!G=$@$1$r;}$D%A%C%W$J$I$N$bGd$i$l $F$*$j!$MM!9$J%G%P%$%9$rF10l$N%P%9$K@\B32DG=$G$"$k!% 5.2.3 wired-AND connection %/%m%C%/%i%$%s SCL $H!$%G!<%?%i%$%s SD A $O!$$=$l$>$l%W%k%"%C%W$5$l!$ wired- AND connection $r7A@.$9$k!%%P%9$K@\B3$5$l$?J#?t$N%G%P%$%9$,F1;~$K?.9f$r%P%9$K =P NO $7 $? ;~!$ $= $N Fb 0l $D $G $b LOW $r =P NO $7 $F $$ $k $H %P %9 $N >u BV $O LOW $K $J $k!% $3 $l$K$h$j!$0J2<$N%"!<%S%H%l!<%7%g%s$d%/%m%C%/$ND4@0$N<jB3$-$,@.$jN)$C$F$$$k!% 5.2.4 %"!<%S%H%l!<%7%g%s J# ?t $N %G %P %$ %9 $, F1 ;~ $K %P %9 $r A‘ :n $7 $h $& $H $7 $? :] ( F1 ;~ $K %^ %9 %? $K $J $m $& $H $7 $? :] ) !$ $= $N Fb M# 0l $D $@ $1 $, %P %9 $N @j M- $r 5v 2D $5 $l $k <j B3 $- $r %"!< %S %H %l!< %7%g %s $H 8F $V!% %^ %9 %? $O %P %9 $N %i %$ %s $N >u BV $r <+ J, $N =P NO $H Hf 3S $7!$ <+ J, $, HIGH $r =P NO $7 $F $$ $k ;~ $K %P %9 $N %i %$ %s $, LO W $J $i $P %^ %9 %? $N 8" Mx $r <: $&!% $3 $N <j B3 $- $K $h $j!$ %P %9 $N 6%9g$,5/$-$?;~$K%^%9%?$rM#0l$D$K7hDj$9$k!% 5.2.5 %/%m%C%/$ND4@0 J# ?t $N %G %P %$ %9 $, F1 ;~ $K %/ %m%C %/ $r =P $= $& $H $7 $? :]!$ 0[ $J $k B. $5 $N %/ %m%C %/ $, 0l K\ $N SCL $K Aw =P $5 $l F@ $k!% $3 $N ;~ %/ %m%C %/ $N D4 @0 $O <! $N $h$& $K 9T $o $l $k!% %/ %m%C %/ $N LOW $N 4| 4V $O :G $b LO W $N D9 $$ ( :G $b %/ %m%C %/ $N CY $$ ) %G %P %$ %9 $, =P $9 %/ %m%C %/ $K $" $o $; $i $l!$ %/ %m%C %/ $N HIGH $N 4| 4V $O :G $b HIGH $, C; $$ ( :G $b %/ %m%C %/ $N B. $$ ) %G %P %$%9 $,=P$9%/%m%C%/$K $"$o$;$i$l$k!%$3 $l$O!$$d$O$j wired-ANDconnection $K$h$C$F <B8=$5$l$k!% 5.2.6 I 2 C %P%9%G!<%?%U%)!<%^%C%H DL ?. $N3+ ;O $H =*N; $O!$ %^%9 %? $N @8@. $9 $k3+ ;O >r 7o!$=* N; >r7o $K $h$C $F5, Dj $5$l $k!% $3$l$i$O<!$N$h$&$KDj5A$5$l$k!%

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 45 5.2 =@Fp$J%W%m%H%3%k$r;}$D%7%j%"%k%P%9 I 2 C 5.1.1 @a $* $h $S 5.1.2 @a $G =R $Y $? MW 5a ;E MM $r 2D G= $J 8B $j K~ B- $9 $k DL ?. %$ %s %? %U%’!< %9 $H $7 $F!$ Philips <R $N Ds >’ $7 $F $$ $k I 2 C(In ter IC) %P %9 [41] $r :N MQ $7!$ BN Fb LAN $r 9= C[$7$?!% I 2 C %P%9$O!$ 3 %i%$%s$+$i$J$k%7%j%"%k%P%9$G!$0J2<$N$h$&$JFCD9$,$"$k!% � B??t$N%W%m%;%C%5$r@\B3$G$-$k!% � G$0U$N#1BP#1$G$NDL?.$,$G$-$k!% � %^%k%A%^%9%?$G$"$k!% � %7%j%"%k$J$N$GG[@~$,>/$J$/$F$9$‘!% � %7%j%"%k$K$7$F$OHf3SE*9bB.$G$"$k ( :G9b 400[kbps]) !% I 2 C %P %9 $O!$ 3H D% $N MF 0W $J Hf 3S E* 9bB. $J %7 %j %" %k %P %9 $G!$ %m %\%C %H %\ %G%# >e$N %W %m %;%C %5 4V $N DL ?. $J $I $K $7 $P $7 $P Mx MQ $5 $l $k ( Nc $( $P [42]) !% $^ $?!$ SmartBattery $H $$ $& EE 05 4I M} %W %m %H %3 %k $r Hw $( $? EE CS $N!$ EE CS ;D NL >p Js $J $I $N DL ?. $K $b Mx MQ $5 $l $F $$ $k [43] !% J* M} E* $J @\ B3 $O SCL(serial clo c k line) !$ SD A(serial data line) !$ $= $7 $F GND $N#3 K\$G$"$k!%%P%9 $N6%9g$rKI$0 %W%m%H%3%k$r ;}$A!$$5$i$K%^ %k%A%^%9%?$H $$$&FCD’$r ;}$C$F$$$k!% $3 $N I 2 C %P %9 $O!$ 5.1.2 @a $G 5s $2 $? DL ?. J}<0 $N $& $A!$ 3. $N J} <0 $N %7 %j %" %k %P %9$G!$ 6% 9g $, 5/ $3$C $? :] $K $b 0l $D $N %N!< %I $O 3N <B $K %P %9 $r 3M F@ $G $- $k <o N‘ $N $b $N $G $" $k!% $3 $N I 2 C %P %9 $O 5.1.1 @a $* $h $S 5.1.2 @a $G =R $Y $? MW 5a ;E MM $r $* $* $‘ $M K~ B- $9 $k DL ?. %$ %s %? %U%’!<%9$H8@$(!$$3$l$rMxMQ$7$FBNFb LAN $r9=C[$7$?!% K\@a$G$O!$ I 2 C %P%9$K4X$7$F>\@b$9$k!% 5.2.1 %^%k%A%^%9%? I 2 C %P %9 $O %^ %k %A %^%9 %? %P %9 $G!$ %P %9 $rA‘ :n $G $- $k %G %P %$%9 $r J# ?t @\ B3 $G $-$k!% %P %9 $r 2p $7 $F DL ?. $r $7 $F $$ $k %G %P %$ %9 $N 4V $K $O!$ %^ %9 %? $H %9 %l!< %V $N 4X 78 $H!$ Aw ?. <T $H <u?. <T$N4X78$,$= $l$>$lFHN)$KB8 :_$9$k!%%^%9%? $ODL?.$NJ}8~ $HDL?.$NAj<j $r;XDj$7%/ %m%C%/ ?.9f$r@8@. $7!$%9%l!<%V$O $=$l$K=>$C$F<u ?.Kt$OAw?. $r9T$&!%$D$^ $j!$!X%^%9%? Aw ?. ) %9 %l!< %V <u ?.!Y!$ $^ $? $O!$ !X%^ %9 %? <u ?. ( %9 %l!< %V Aw ?.!Y $N!$ $$ $: $l $+ $N 7A BV$G$"$k!% $= $l $i$N 4X 78$O 8G DjE* $J $b$N $G $O$J $/!$ DL?. $r 9T$& $? $S$K <+ M3$K @_ Dj$G $- $k!%$D $^ $j!$ %P %9 $K %/ %m%C %/ ?. 9f $r Aw $k $3 $H $N $G $- $k %G %P %$ %9 $O $9 $Y $F!$ %^ %9 %? $K $J $k $3 $H $, $G$-$k!%$3$l$K$h$j!$G$0U $N 1 BP 1 $G!$G$0U$NJ}8~$K!$G$0U$NB&$N%N!<%I$r%^%9%?$H $7 $F!$DL?.$r9T$&$3$H$N$G$-$k!$Hs>o$K=@Fp$JDL?.7ABV$,<B8=$5$l$F$$$k!%

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 44 %H!< %/ %s $H 6& $K Aw <u ?. $7 $J $1 $l $P $J $i $:!$ $I $& $7 $F $b DL ?. NL $, A} $( $F $7 $^ $$ $, $A $G $" $k!% DL?. $NCY$l$NLdBj$b=EMW $G$"$k!% 2. $N%H!<%/%s%j%s%0$O!$%H!< %/%s$,2s$k%?%$%_%s %0$K $h$C$FDL?.;~4V $K:9$,@8$8$k!% $=$l$r5vMF$9 $k$?$a$K$O!$$" $kDxEYDL?.B. EY$rB.$/ $7$J$1$l$P$J$i$:!$F1$8%S%C%H%l!<%H$N>l9g$K!$B>$N<jK!$HHf3S$7$FITMx$G$"$k!% 3. $N J} <0 $O!$ %P %9 %"!< %S %H %l!< %7%g %s $, I, MW $G $" $k $? $a $K!$ Ethernet J} <0 $N %"!< %S%H %l!<%7%g%s$N%W%m %H%3%k$N>l 9g!$6%9g$,5/$3$C $?;~$K:FAw$9 $k$^$G$N4VDL ?.$,J]N1 $5$l $k$3$H$K$J$k!% %?%$%_%s%0 $K$h$C$F$O!$2?EY $+B3$1$F:FAw $,5/$3$k2DG= @-$b$"$j!$ DL?. $NCY$l$,M}O@ E*$K$OL58B$K 5/$3$jF@$k$H $$$&LdBj$,$" $k!%6%9g$,$*$- $F$b!$>/$J$/ $H$b $=$N$&$A$N0l AH$_$NDL?. $O<B9T$5$l$k $h$&$J;EAH$_ $N%"!<%S%H%l!<%7%g %s!&%W%m%H %3%k $r;}$D$J$i $P!$DL?.$N8zN( $O0-2=$7$J $$!%$=$N>l9g $O!$%"!<%S%H%l!<%7%g %s$G%P%9 $r3M F@$G$-$J$+$C$? %N!<%I$O%j%H %i%$$,5/$3$k $,!$%P%9$r3MF@ $7$?%N!<%I$NDL ?.$OC#@. $5$l$k$+$i$G$"$k!% 0J >e $K=R $Y $?$h $& $J<o!9 $N >r7o $K BP$7 $F!$ $J$k $Y $/NI $$ Ez$r ;} $DDL ?. J}<0 $r :NMQ $9 $kI,MW$,$"$k!% 5.1.3 %N!<%I$NBNFbAH$_9~$_ BN Fb LAN $K AH $_ 9~ $‘ %N!< %I $O!$ 2D G= $J 8B $j >. 7?!& 7Z NL!& Dc >C Hq EE NO $G $" $k $3 $H $, 5a$a $i$l$k!%$3$l $i$N>r7o$rK~ $?$7$D$D!$%;%s %5>pJs$r<} =8$9$kG=NO$H!$ %"%/%A%e%(!< %?$K>pJs$rJ,G[$9$kG=NO$r;}$D!$BNFbAH$_9~$_MQ%b%8%e!<%k$,I,MW$G$"$k!%

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 43 K\8& 5f$G$O%j%b!<%H%V%l %$%s%"%W%m!<%A$rMQ $$$F$$$k$, (3.2.4 @a ) !$8=;~E@$G $O<+N’ 7O $NIt J,$O %V%l %$%s $N :G2< 0LAX $K$" $k!%$3 $l$O!$ BNFb LAN $N %N!<%I $N%W %m%;%C %5$N G= NO $,Dc $$$H $$$& M}M3 $N$? $a$G$" $k$,!$ >-Mh $OBN Fb LAN $K<+ N’7O $r0\9T $9$k $Y$- $G$" $k $H9M$($F$$$k!% 5.1.2 =@Fp$JDL?.%W%m%H%3%k BN Fb LAN $K $* $$ $F $O!$ J# ?t $N %N!< %I $, @\ B3 $5 $l $k $3 $H $K $J $j!$ >- Mh $N <+ N’ 7O $N BN Fb LAN $X$N 0\9T $b9MN8 $KF~$l $l$P!$ G$0U$N 1 BP 1 $G%G!< %?$N$d $j$H$j $,$G $-$k$3 $H$, I,MW $H$J$k!%$3$l$r <B8=$9$k$? $a$NDL?.$N%W %m%H%3%k$d%M%C %H%o!<%/$N%H%] %m%8$O!$0J 2<$K<($9$h$&$J$$$/$D$+$N<jK!$,9M$($i$l$k!% 1. A47k9g7? 3F%N!< %I$H B>$N A4$F $N%N!< %I$H 4V$K 1 BP 1 $N%7 %j%" %k%j %s%/ $rD% $j!$I, MW$J 2 E@ 4V$G$=$l$>$lFH<+$NDL?.$r9T$&J}<0!% 2. %H!<%/%s%j%s%0 3F%N!< %I $, 2 K\ $N %j%s %/ $r;} $A!$%M%C %H %o!<%/ $N %H%] %m%8 $r A4BN $G %j%s %0 $K$J $k $h$& $K $9$k!% $= $7$F!$ $= $N%j %s %0 $K%H!< %/ %s$r 2s $7!$Aw ?. $r$7 $? $$;~ $O <+J, $N $H $3$m $K %H!< %/%s $, Mh$? ;~ $K08 @h $H%G!< %? $N %Q%1%C %H $r%H!< %/ %s$K IU 2C $7$F!$ <! $N %N!<%I$KE>Aw$9$k!% 3. 08@h$r$D$1$?%V%m!<%I%-%c%9%H$H%P%9%"!<%S%H%l!<%7%g%s$N%W%m%H%3%k %P%9 $K @\ B3$5 $l $?%N!< %I A4$F $K 08@h >p Js $r4^ $s $@%G!< %? $r%V %m!< %I %-%c%9 %H $7!$ A4$F $N %N!<%I $O $=$N %G!< %?$r FI $_!$ <+J, 08 $J$i $P $=$l $r <u?.!$ $= $&$G $J $1$l $P GK 4~ $9 $k $H $$ $& J} <0!% F1 ;~ $K J# ?t $N %N!< %I $, Aw ?. $r 9T $* $& $H $9 $k :] $K L7 =b $, @8 $8 $J$$ $h $& $K$9 $k!$ %P %9%"!< %S %H%l!< %7%g %s $N%W %m %H%3 %k $, I,MW $G $"$k!% %"!< %S %H %l!<%7%g %s $N:] $K!$ 6%9g $7 $?%N!< %I $O A4$F %P %9$r 0l C62r J| $7%i %s %@%‘ $J BT5! ;~ 4V 8e :F Aw $9 $k Ethernet $J $I $N J} <0 $H!$ 6% 9g $7 $? %N!< %I $N $& $A 0l $D $@ $1 $, %P %9 $r 3M F@$G$-$k I 2 C %P%9 ( 8e=R ) $N$h$&$JJ}<0$,$"$k!% %1!< %V %k$O K\ Mh$N L\ E* $K$7 $? $,$C$F!$ $J $k$Y $/ >/$J $$ ?. 9f@~ $G <B8= $G $-$k $3 $H$, 9% $^ $7 $$!% $= $l $r 9M N8 $9 $k $H!$ 1. $N A4 7k 9g 7? $O!$ %N!< %I $N ?t $, A} $( $k $H ?. 9f @~ $, Gz H/ E* $K A} $( $k $N $G!$ %N!< %I $, >/ $J $$ >l 9g $K 8B $l $P M- 8z $J >l 9g $b $" $k $, ( $7 $+ $7!$ %N!< %I ?t 2 E@ $N>l 9gB> $NA4 $F$H F1 $8!$ 3 E@ $N>l 9g 2. $N%H!< %/%s %j%s %0$H F1$8 $G$" $k ) !$$" $k DxEY 0J >e ( %N!<%I?t 5 E@0J>e ) $N%N!<%I?t$N>l9g$OA4$/9%$^$7$$$H$O8@$($J$$!% $^ $?!$ %M%C %H %o!< %/ $r $J $, $l $k %G!< %? $N DL ?. NL $r $G $- $k $@ $1 8: $i $7 $F!$ DL ?. 8z N( $N NI $$ $b $N $, 5a $a $i $l $k!% 2. $N %H!< %/ %s %j %s %0 $O!$ <+ J, $K D> @\ 4X $o $j $N L5 $$ %G!< %? $b

| Bh 5 >O !’ BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ | 42 K\ >O $G $O!$ %; %s %5!& %" %/ %A%e %(!< %? $H <+ N’ 7O $r 7k $V ?@ 7P 7O $G $" $k BN Fb LAN $r ;} $D!$?M4V7?%m%\%C%H$N%O!<%I%&%’%"$N3+H/$K$D$$$F=R$Y$k!% 5.1 ?@7P7O$N<B8=J}K! 3.2.4 @a $G=R$Y $?$h$&$K!$ ?@7P7O $,=EMW$J 2]Bj$G $"$k!%K\ @a$G$O!$$3 $&$7$? 2]Bj$r 2r 7h$9$k$?$a$KK\8&5f$G:N$C$?<jK!$r=R$Y$k!% 5.1.1 %7%j%"%kDL?.$K$h$k>JG[@~ F0 J* $O!$ BN$K J, ;6 $7$? Bg NL $N%; %s %5!& %"%/ %A%e %(!< %? $HG> $N 4V $O!$?@ 7P :Y K&$K $h$C $FA4 $F%Q%i%l%k$K @\B3$5$l$F$$ $k!%F0J*$O!$Fp$i $+$$%\%G%#$r;} $D$H$$$&MxE@ $H0z$-BX $($K!$ MM!9$J>c32$r<u $1$d$9$$$H$$ $&7gE@$,$"$k $,!$$3$l$KBP$7 $F4h7r@-$r;} $D$H$$$& 0UL# $,$"$k$H9M$( $i$l$k!%$^$?!$%i %$%U%5%$%/%k $,D9;~4V$G$" $j$J$,$i?@7P :YK&$N:F@8 $,:$ Fq$G$"$k$?$a!$ B??t$NJBNs@~$N $&$A$$$/$i$+ $,@Z$l$?$j$7 $F$b5!G=$,$" $^$jDc2<$7 $J$$$h$&$J;EAH$_$K$J$C$F$$$k$H8@$($k!% 0l J} %m%\%C %H $N>l 9g $O!$ 6aG/ Fp $i$+ $$ 9=B$ $r ;}$D %m %\%C %H$r :n $m$& $H $$$& 8& 5f$b $$ $/$D $+$J$5$l$F$$ $k$,!$$[$H$s $I$N>l9g$O9E $$%\%G%#$r;}$D $?$a!$Hf3SE*%\ %G%#FbIt$, =}$D $-$K$/$$!%$^$?!$ %m%\%C%H$O$b $7=}$D$$$?>l 9g$O=$M}$r<u $1$k$3$H$,$G $-$k!%$=$N :]!$$‘ $7$mB?$/$N%Q %i%l%k$J%1!< %V%k$h$j!$?tK\ $N%1!<%V%k$G>p Js$,2?$i$+$N 7A$GB?=E 2=$5$l$F$$$k7ABV$NJ}$,!$=$M}$bMF0W$G$"$k!% F0 J* $K$O F0 J*$N ;E AH $_$K E, $7$? 7A $N?@ 7P G[@~ $, B8 :_$9 $k $h$& $K!$ %m%\%C %H $O%m %\%C %H$N ;EAH$_$KE,$7 $?7A$N?@7PG[ @~$,B8:_$9$k $Y$-$"$k!%K\8& 5f$G$O!$%m%\%C%H $N;EAH$_ $KE, $7$??@7PG[@~ $H$7$F!$%7%j%" %kDL?.$rMxMQ $9$k$3$H$K$7 $?!%$9$J$o$A!$>- Mh$r8+1[ $;$P %m%\%C%H$NBN $K$bBgNL$N%; %s%5!&%"%/%A%e%(!< %?$,J,;6$9 $k$N$3$H$O3N <B$G$"$j!$ $= $l $i $H G> $N 4V $r %Q %i %l %k $K @\ B3 $9 $k $N $G $O $J $/!$ %\ %G%# $N 6I =j NN 0h Kh $K %N!< %I $r @_ $1!$%N!< %I$H%;%s%5!& %"%/%A%e%(!<%? 4V$O6I=j E*$J%Q%i%l %k@\B3$H$7!$ %N!<%I4V!&%N!< %I$HG>$N4V$O%7%j%"%k@\B3$H$9$k$N$G$"$k!% %N!< %I 4VDL ?. $O!$@T DG F0 J*$G $O G>$r 7P M3$7 $J $$@T ?q H? <M$K Aj Ev$9 $k!% K\8& 5f $G<g D% $7 $F $$ $k <+ N’ 7O $O $3 $N %N!< %I 4V $N DL ?. $r Mx MQ $7 $F %7 %9 %F %‘ $K AH $_ 9~ $‘ $3 $H $, M- 8z $G $" $k!% $= $l $K $h $j!$ G> $r 7P M3 $9 $k M> M5 $N L5 $$ $h $& $J B( 1~ @- $r 5a $a $i $l $k H? <M E* F0 :n $O!$ %N!< %I 4V $N DL ?. $K $h$C $F <B 8= $5 $l!$ G> $K EA $( $k $Y $- >p Js $O $$ $/ $i $+ $N ;~ 4V CY $l $r $H $b $J$C$FG>$KFO$/$H$$$&!$Hs>o$K=@Fp$J<+N’7O$N%7%9%F%‘$,=PMh>e$,$k$H9M$($i$l$k!% $3 $& $7 $? 9M ;! $+ $i!$ K\ 8& 5f $G $O %\ %G%# $K 6I =j E* $J %; %s %5!& %" %/ %A%e %(!< %? >p Js <} =8!& J, G[ %N!< %I $r @_ $1!$ $= $l $i $N %N!< %I $r %7 %j %" %k DL ?. $G @\ B3 $7 $? %M%C %H %o!< %/ $K $h $j!$?@7P7O$N<B8=$7$?!%$^$?!$$3$N%M%C%H%o!<%/$rBNFb LAN $H8F$V!%

Bh 5 >O BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/

| Bh 4 >O !’ <+N’7O$r2<0LAX$K;}$DG>%7%9%F%‘$N3+H/ | 40 $^ $?!$ >e0L $H $N DL?. $K $O%= %1%C %H DL?. $r MQ$$ $k $? $a!$>e 0L %=%U %H %&%’ %"$r <B 9T$9 $k 7W ;; 5! $H %\ %G%# $K BP $9 $k @) 8f Au CV Ey $r @\ B3 $9 $k 7W ;; 5! $r JL!9 $K @_ Dj $G $- $k!% $3 $l $K $h $j!$%M%C%H%o!<%/>e$KB8:_$9$k7W;;;q8;$rA4$F%m%\%C%H$N%V%l%$%s$H$7$FMxMQ$G$-$k!%

| Bh 4 >O !’ <+N’7O$r2<0LAX$K;}$DG>%7%9%F%‘$N3+H/ | 39 $7!$ (int argc, char *argv[]) $N7A$K$7$?!% CloseInterface() %$%s%?%U%’!<%9%O!<%I%&%’%"$N=*N;=hM}!$%a%b%j2rJ|$J$I$r9T$&!% SetAngleVector() 0z ?t v $N 4X @a 3Q EY >p Js $r!$ %" %/ %A%e %(!< %? @) 8f $K 0M B8 $7 $? C1 0L $N %G!< %? $K JQ 49 $7!$A0=R$N%U%)!<%^%C%H$K%(%s%3!<%I$7<B:]$KAw?.$r9T$&!% GetRobotState() %7%j %" %k%]!< %H$r %j!< %I$7!$ >e =R$N %U%)!<%^%C %H $r%G %3!< %I$7!$ 0z?t state $N 9= B$BN$K3JG<$9$k!% $3 $3 $G!$ 4X @a 3Q ;X Na CM >p Js $O vector 7? $N G[ Ns $K 3J G< $7!$ %; %s %5 >p Js $O <o N‘ Kh $K %( %s%H%j$r;}$A%;%s%5$NDI2C$rMF0W$K$9$k RobotState 9=B$BN$K3JG<$9$k$h$&$K$7$?!% vector 7?G[Ns$*$h$S!$ RobotState 7?9=B$BN$NDj5A � � typedef double *vector; typedef struct { vector Potentio; /* 4X@a3QEY ( %]%F%s%7%g%a!<%?$h$j ) */ vector Error; /* 8m:93QEY ( %b!<%?6nF0?.9f$h$j ) */ vector Fsr; /* B-N"H?NO ( B-DlNO%;%s%5$h$j ) */ vector Adxl; /* 2CB.EY (3 <42CB.EY%;%s%5$h$j ) */ vector Suit; /* ?(3P>pJs ( %;%s%5%9!<%D$h$j ) */ !&!&!& } RobotState; � � 4.2.4 >e0LAX$H$N%$%s%?%U%’!<%9 ?M 4V 7?%m %\%C %H$N $h $& $JJ# ;( $J%7 %9 %F%‘ $K $*$$ $F $O!$ I,MW $J MM!9$J 5! G=$O <+ N’E* $K 9T$& 2<0LAX$,:GDc 8BI,MW$G$"$k $,!$>e0LAX$,C1 0l$N9=B$$GLd Bj$,L5$$$H$O 9M$($K$/$$!% >-Mh $O>e0LAX$N9= B$$N8&5f$bHs >o$K=EMW$G$" $k$H9M$($i$l $k!%$7$?$,$C$F!$2< 0L<+N’7O $H>e 0LAX$H$N%$%s %?%U%’!<%9$K$O!$>e 0LAX$N9=B$$r =@Fp$KJQ992D G=$K$7$F$*$/ $?$a$NHF MQ@-$,5a$a$i$l$k!% $= $3 $G K\8& 5f $G$O!$ >e 0L AX$H $N %$ %s%? %U%’!< %9 $r!$HF MQ @- $r9M N8 $7$F %= %1%C %HDL ?. $K $h $k %-%c %i %/ %? %Y!< %9 $N DL ?. $H $7 $?!% %= %1%C %H 4F ;k %9 %l%C %I (interpreter) $, >e 0L $+ $i$N %3%^%s%I$r2r <a$7!$$=$N;X Na$K1~$8$F<+ N’5!G=%b%8%e!<%k $K$=$l$>$l%9 %l%C%I$r3d $j Ev $F!$ $= $N 5/ F0 $* $h $S =* N; $r 9T $& (Fig.4.2) !% 5/ F0 ;~ $O >e 0L AX $+ $i %Q %i %a!< %? $r <u $1 <h$j!$ =*N;;~$O<+N’ 5!G=%b%8%e!<%k $rC4$&%9%l%C%I $,=*N;>uBV$r JV$;$P$=$l$r >e0LAX$K JV$9!%

| Bh 4 >O !’ <+N’7O$r2<0LAX$K;}$DG>%7%9%F%‘$N3+H/ | 38 eventtest >r7o$K$h$j%b%8%e!<%k$N<B9T$rDd;_$9$k$?$a$N4X?t$G!$ eventtest[0]() !A eventtest[test_num-1]() $N$$ $: $l$+ $, ??$r JV $9;~!$ $= $N %b%8%e!< %k $N<B 9T $rDd ;_ $9$k $h $&$K $G $-$k!% $3 $l $K$h$C $F!$ >e 0LAX $O !V$" $k>u BV $K$J $k $^ $G$N 4V %b%8%e!< %k $r <B9T $; $h!W$H $$ $& 7A $G!$2<0LAX$K;X<($9$k$3$H$,$G$-$k!% 4.2.3 %\%G%#$H$N%$%s%?%U%’!<%9 K\ 8& 5f $G$O!$ %j %b!< %H%V %l %$ %s!&%" %W %m!< %A$K $h $j!$ %\ %G%#$H %V %l %$%s $r J* M}E* $K J, N% $9 $k %" %W %m!< %A $r MQ $$ $F $$ $k (3.2.4 @a ) !% %\ %G%# $H $N %$ %s %? %U%’!< %9 $O L5 @~ %b %G %‘ $r Mx MQ $7 $? %7 %j %" %k DL ?. $H $7!$ MM!9 $J %\ %G%# >e $N %W %m %;%C %5 9= @. $K BP 1~ 2D G= $J HF MQ $J %G!< %? %U%)!< %^%C %H $r :v Dj $7 $?!% %G!< %? %U%)!< %^%C %H $N >\ :Y $O!$ 5.4.4 $N DL ?. %G!< %? $N %U%)!<%^%C%H $N9‘$K=R$Y$k (Fig.5.16) !% 4p K\ J}?K $O!$ %\ %G%#$G $O!$ %;%s %5 >p Js$r <h $j9~ $_ %V %l%$ %s $KAw $k $3 $H$H!$ %V %l%$ %s $+ $i %" %/ %A%e %(!< %? >p Js $r <u $1 <h $j 4X @a 3Q $r @) 8f $9 $k $3 $H $@ $1 $r 9T $&!$ $H $$ $& $3 $H $G $" $k!% <+ N’ E* 5! G= $r C4 $& AX $O!$ %\ %G%# $G 7W ;; $r 9T$C $? J} $, ;~ 4V CY $l $b >/ $J $/!$ >- Mh E* $K $O %\ %G%# $K Ek :\ $9 $k $Y $- $G $" $k $,!$ $= $N ;E MM $r LO :w $9 $k CJ 3, $G $O $‘ $7 $m B? >/ $N 1~ Ez @- $r 5> @7 $K $7 $F $b!$ =@ Fp $K JQ 99 $, 2D G= $J %V %l %$ %s $K $* $$ $F <B Au $9 $k J} $, 8= <B E* $G $" $k (3.2.4 @a ) !% $^ $?!$ BN Fb?@ 7P 7O$r N. $l $k%G!< %? $O %\%G%# $r 9= @.$9 $k %O!< %I%&%’ %" MWAG $d $= $N@) 8f AuCV $K0MB8$7$? %U%)!<%^%C%H$dC10L NL$GI=$5$l$k!% %V%l%$%s$r %\%G%#$KBP$7$F Cj>]2=$7 %\%G%# $N%O!<%I%&%’%"9= B$$K0MB8$7$J $$$b$N$K$9$k $?$a$K$O$3$l $i$N>pJs$rDj NLE*$JJ* M}NL $KJQ49$9$k I,MW$,$"$k!%$9 $J$o$A!$%\%G%# $+$i$N>pJs $O%U%)!<%^%C%H2r@O $r9T$J$$ 3QEY$d B.EY!$2CB.EY!$NO!$ 3 <!850LCV$J$I$K JQ49$7!$5U$K%V%l%$%s $+$i$N>pJs$O@)8fAu CV$X$N%U%)!<%^%C%HJQ49$r9T$J$&!% $3 $N %U%)!< %^%C %H 2r @O $H %U%)!< %^%C %H JQ 49 $K %$ %s %? %U%’!< %9 %O!< %I %&%’ %" $N =i 4| 2=!$ =* N; =h M} $N 2 $D $N 5! G= $r 2C $(!$ <! $N $h $& $J 4 $D $N API $G BN Fb ?@ 7P 7O %l %Y %k $K %" %/ %;%9$9$k$b$N$H$7$?!% %\%G%#$H$NDL?.$N API $NDj5A � � int OpenInterface(int argc, char *argv[]); int CloseInterface(void); vector SetAngleVector(vector v); RobotState *GetRobotState(RobotState *state); � � OpenInterface() %$ %s %? %U%’!< %9 %O!< %I %&%’ %" $N =i 4| 2=!$ I, MW $J %a %b %j 3N J] $J $I $r 9T $&!% %7 %j %" %k DL ?. $N B. EY $d %G %P %$ %9 %U%! %$ %k L> $J $I $r 0z ?t $H $7 $F EO $9 $,!$ 3H D% @- $r 9M N8

| Bh 4 >O !’ <+N’7O$r2<0LAX$K;}$DG>%7%9%F%‘$N3+H/ | 37 plugin 7?$N9=B$BN$NDj5A � � typedef struct _plugin { int state, priority; void (*constructor)(struct _plugin *p, char *arg); void (*entry)(struct _plugin *p, RobotState *state, vector target_av, vector send_av); void (*destructor)(struct _plugin *p); int test_num; int (*eventtest[MAX_TEST])(struct _plugin *p, char *buf); void *memory; } plugin; � � state 0J2<$N$$$:$l$+$NCM$r$H$j!$8=:_$N \Plugin" $N<B9T>uBV$rI=$9!% SLEEP Dd;_Cf!% RUN_STANDBY constructor() $r8F$S=P$7!$ RUN_SEQUENTIAL $+ RUN_PARALLEL $K0\9T$7<B9T$r3+;O!% RUN_SEQUENTIAL C‘<!<B9TCf!% RUN_PARALLEL JBNs<B9TCf!% STOP_STANDBY destructor() $r8F$S=P$7<B9T$r=*N;$7!$ SLEEP $K0\9T!% priority <B 9T $N M% @h =g 0L $r I= $9!% %b %8%e!< %k $r C‘ <! <B 9T $9 $k ;~ $K 0U L# $r ;} $D!% 0 !A 255 $N CM$r<h$j!$CM$,>.$5$$$b$N$+$i=g$K<B9T$5$l$k!% constructor !$ destructor %b%8%e!<%k$N<B9T3+;O!&=*N;;~$K8F$P$l$k4X?t$X$N%]%$%s%?$G$"$k!% constructor() $O<B 9T 3+;O ;~$K 8F $P$l $k 4X?t $G!$<B 9T ;~$K MxMQ $9 $k%a %b%j NN 0h$N 3N J]$J $I$N %$ %K %7%c%i%$%:$r9T$&!% destructor() $O<B9T=*N;;~$K8F$P$l$k4X?t$G!$ constructor() $G 3N J] $7 $? %a %b %j NN 0h $N 2r J| $d!$ $= $N \Plugin" $r 8F $S =P $7 $? >e 0L $X $N =* N; >u BV $NJs9p$J$I$r9T$&!% entry %b %8%e!< %k $N %a %$ %s $N 4X ?t $X $N %] %$ %s %? $G!$ Fig.4.1 $K $* $1 $k f $K Aj Ev $9 $k!% %; %s%5>pJs state ( RobotState 7?9=B$BN ) $K4p$E$$$F!$L\I83QEY target_av $r=q$- 49$( $k . Fig.4.1 $G 8@$( $P!$ s $rMQ $$$F 7W ;;$7!$ � � $r 8=:_ $N � $K 2C $($k $3$H $KAj Ev$9$k!% memory %b%8%e!<%k8GM-$N%a%b%j$X$N%]%$%s%?$G$"$k!%

| Bh 4 >O !’ <+N’7O$r2<0LAX$K;}$DG>%7%9%F%‘$N3+H/ | 36 Fig. 4.2 %V%l%$%s2<0L<+N’7O$N<BAu The implementation of the autonomous system

| Bh 4 >O !’ <+N’7O$r2<0LAX$K;}$DG>%7%9%F%‘$N3+H/ | 35 4.2 %7%9%F%‘$N<BAuJ}K! 4.2.1 %^%k%A%9%l%C%I%W%m%0%i%_%s%0$K$h$kJBNs@- JB Ns $KB? ?t $N <+N’ 5! G=%b %8%e!< %k $r<B 9T $9$k $? $a $K!$<B Au J}K! $H $7 $F%^ %k %A%9 %l%C %I%W%m%0%i%_%s%0 [40] $rMxMQ$7$?!% %9 %l%C %I$K $h $k%W %m %0%i %_ %s%0 $O!$ %^%k %A %W%m %; %9$N %W %m%0 %i %_%s %0 $HHf 3S $7$F Hs >o $K Ligh t W eigh t $G $"$k $3$H $,FC D’ $G$" $k!%$^ $?!$%9 %l%C%I $O 0l$D $N%W %m%; %9 Fb$G JB Ns<B 9T$9$k$N$G!$%W %m%;%9Fb$NBg 0hJQ?t$rA4$F $N%9%l%C%I$,6& M-$G$-$k!%$3$l $rMxMQ$7 $F!$3F <+N’5!G=%b %8%e!<%k$K$O$*$N $*$N0l$D$N%9 %l%C%I$r3d$j Ev$F!$Bg0hJQ?t $K3JG<$7 $?%;%s%5>pJs$d4X@a3Q>pJs$rGSB>@)8f$7$J$,$iFI$_=q$-$9$k$H$$$&7A$G<BAu$7$?!% 4pK\E*$K$O!$ � %\%G%#$+$i$N%;%s%5>pJs$r<u?.%9%l%C%I � 4X@a3Q>pJs$r%\%G%#$XAw?.$9$k%9%l%C%I � >e0LAX$+$i$N%3%^%s%I$r<u$1IU$1$k%9%l%C%I $N#3 $D$N%9%l%C%I$, >o;~<B9T$5$l!$ >e0LAX$+$i%3 %^%s%I$r<u$1 <h$k$H!$$=$l$K 1~$8$F?7 $?$K%9%l%C%I$r@8@.$7$F!$%b%8%e!<%k$N<B9T$K$"$F$k (Fig.4.2) !% $3 $N <BAu $N Mx E@$O!$ 3F %b%8%e!< %k $N <~4| $, <+M3 $K $J $k$H $$ $&E@ $G $" $k!%JB Ns <B9T $G 6&M- %a%b%j$rMxMQ $9$k$N$G!$7W ;;$K;~4V$N$+ $+$k%b%8%e!<%k$N =PNO$rBT$D$3 $H$J$/!$4X @a3Q;XNa$r0lDj<~4|$G%\%G%#$KAw?.$G$-$k!% 4.2.2 Shared Ob ject $N%@%$%J%_%C%/%m!<%I <+ N’ 5! G= %b %8%e!< %k $O Shared Ob ject $H $7 $F :n @. $7 (\Plugin" $H 8F $V ) !$ I, MW $K 1~ $8$F %W%m%0%i%‘<B 9TCf$K%@%$ %J%_%C%/$K%m!<%I!& %"%s%m!<%I$r9T $&$3$H$,$G$- $k$h$&$K $7$?!% $^ $?!$ %m!< %I $7 $? \Plugin" $N <B 9T J} K! $O!$ 7W ;; NL $, $o $: $+ $G JB Ns <B 9T $G $J $/ C‘ <! <B9T$G==J,$J$b$N$O!$C‘<!<B9T$b2DG=$J<BAu$K$7$?!% \Plugin" $N;EMME}0l$N$?$a!$ plugin 7?$N9=B$BN$rDj5A$7$?!%

| Bh 4 >O !’ <+N’7O$r2<0LAX$K;}$DG>%7%9%F%‘$N3+H/ | 34 4.1 @_7W G> $N %7 %9 %F %‘ %"!< %- %F %/ %A%c $r Fig.4.1 $N $h $& $K 9= C[ $7 $?!% %; %s %5!& %" %/ %A%e %(!< %? $r L) $K 7k $S IU $1 $k C1=c $J H? <M E* $J =h M} $r 9T $& \ <+N’ 5! G= %b %8%e!< %k " $r!$ I, MW $K 1~ $8 $FJ#?tJBNs$K<B9T$9$k$H$$$&9=@.$G!$2<0L$N<+N’7O$rC4$&!% Fig. 4.1 JBNsC1=cH?<M%b%8%e!<%k72$K$h$k<+N’7O The autonomous system based on parallel simple sensor-motor mo dules Fig.4.1 $K $* $$ $F!$ 2<0L AX $K $*$1 $k ?t <0 � � = f ( s , � ) $O!$ 3F<+ N’ 5! G= %b%8%e!< %k $N FbIt $rI=$9!%0l$D$N %b%8%e!<%k$O!$$= $l$,C4$&5!G= $N<B8=$KI,MW $J$$$/$D$+$N %;%s%5>p Js ( s ) $r F~ NO $7!$ 4X ?t f $K $h$C $F 7W ;; $7 $? %" %/ %A%e %(!< %? >p Js ( � � ) $r =P NO $9 $k!% 3F %b %8%e!< %k $N =P NO $O!$ 8= :_ $N %" %/ %A%e %(!< %? ;X Na CM $K BP $9 $k :9 J, ( � � ) $H $7!$ $= $l $i $N 9g 7W$, 8=:_$N%"%/ %A%e%(!<%?;XNa$K 2C;;$5$l$k!% >e0LAX$O!$$3 $l$i$N%b%8%e!<%k $rI,MW$K 1~$8$F5/F0!&=*N;$9$k$3$H$K$h$j!$A4BN$H$7$FL\E*$N9TF0$r<B8=$G$-$k!%

Bh 4 >O <+N’7O$r2<0LAX$K;}$DG>%7%9%F%‘$N3+H/

| Bh 3 >O !’ ?M4V7?%m%\%C%H%7%9%F%‘$N9=@.K! | 32 � I, MW $J 5!G= $r <B8= $9 $kF~ =P NO4X 78!& %Q %i%a!< %? $r!$<+ N’ 5!G= %b %8%e!< %kFb $G 3X=, $9$k!% � 9T F0 %l %Y%k $G!$ $I$& $$ $& =g=x!& %Q %i %a!<%? $G <+N’ 5! G= %b%8%e!< %k $r5/ F0!& =* N;$9 $l$P!$=jK>$N9TF0$K$J$k$+$r<+8JAH?%2=$9$k!% $H$$$&Fs$D$N!$<+8JAH?%2=$N$?$a$N2DJQ@-$r;}$D!% Bh 4 >O$G$O!$<+N’7O$r:G2<0LAX$K;}$DG>%7%9%F%‘$N@_7W!&<BAu$K$D$$$F=R$Y$k!% 3.2.4 ?@7P7O$NI,MW@- K\ 8& 5f$G <g D%$9 $k <+N’ 7O $OK\ Mh@T ?q $KAj Ev $7!$BN Fb $KKd $a 9~$^ $l $F$$ $k $N$, K>$^ $7 $$$,!$ <+N’7O$N5!G= $r<B8=$9$kJ} K!$NF3=P$dI, MW$J5!G=%b%8%e!< %k$N<oN‘$rLO :w$9$k2a Dx$K$*$$$F$O!$=@Fp$KJQ99$,2DG=$J%7%9%F%‘$G$"$k$3$H$,I,MW$K$J$k!% $= $3$G K\8&5f $G$O!$ %j%b!< %H%V%l %$%s %"%W%m!< %A [37] $K$h$j!$ %m%\%C %H%7 %9%F%‘ $r %\%G%# $H%V%l%$%s$K J,N%$7$?9=@. $r$H$k!%<+N’E* 5!G=$r$I$N$h $&$K:n$k$+$r LO:w$9$kCJ 3,$G $O!$<+N’7O$O%\ %G%#$+$i@Z$jN% $5$l$?%V%l%$ %s>e$K%$%s%W %j%a%s%H$7!$%V %l%$%sFb It$G5/F0!&=*N;$d%Q%i%a!<%?$rM?$($k7A$H$9$k!% $3 $N >l 9g!$%\ %G%# $K Ek:\ $7 $? %;%s %5!& %" %/%A%e %(!< %? $r!$ %V%l %$ %s $KKd $a 9~ $s$@ <+ N’7O$H7k$SIU$1$k$?$a$K$O!$?M4V$G$$$($P?@7P7O$KAjEv$9$k>pJsEAAw7O$,I,MW$H$J$k!% FC $K!$ 3HD% @-!& HF MQ@- $r ;}$A $D $D %3%s %Q %/%H $J %\ %G%#$K $9 $k$? $a $K $O!$?@ 7P 7O$N ;E MM $N 8! F$ $, Hs >o $K =E MW $G $" $k!% Bh 5.1 @a!$ Bh 5.2 @a!$ Bh 5.3 @a!$ Bh 5.4 @a $G $O!$ $3 $l $i $N $3$H$r9MN8$7!$%\%G%#$KEk:\$9$k?@7P7O$N@_7W!&<BAu$K$D$$$F=R$Y$k!%

| Bh 3 >O !’ ?M4V7?%m%\%C%H%7%9%F%‘$N9=@.K! | 31 Fig. 3.1 <+N’7O$rHw$($?G>$N%7%9%F%‘ Brain arc hitecture with the autonomous system

| Bh 3 >O !’ ?M4V7?%m%\%C%H%7%9%F%‘$N9=@.K! | 30 3.2.2 <+N’E*5!G=$rC4$&7O$r;}$DFsAX9=B$$NG>%7%9%F%‘ 3.2.1 @a (i) $N >r7o $r K~$? $9 $?$a $K $O!$Cj >] %l%Y %k$N 9b $$It J, $r07 $& >e0L $H!$ Cj>] %l %Y%k $NDc$$%l%Y%k $r07$&2<0L$H$$ $&!$>/$J$/$H$b FsAX$N3,AXE* %7%9%F%‘9=@. $,I,MW$G$" $k!% $D $^ $j!$%P %i %s %90] ;}!& H?<M F0 :n $J$I $N!$ ?M4V $, L5 0U<1 $K 9T$C$F $$ $k $h$& $J 2<0L $N <+N’ E*5!G=$r!$G>$N :G2<0LAX$KKd $a9~$‘$3$H$K $h$C$F!$$=$&$7$? 5!G=$r0U<1$; $:$K>e0L $N9T F0$r5-=R$9$k $3$H$,$G$-$k $h$&$K$J$k$? $a$N!$:G>.8BI, MW$J9=B$$G$" $k!%F1;~$K!$ $=$& $7$?>r7o$r9MN8 $;$:$KG>$N>e 0L$NOHAH$r5D O@$9$k$3$H$,$G $-$k$h$&$K$J $k$?$a$NOH AH$G$b$"$k!% K\ 8& 5f$G $O!$ %m%\%C %H $N G>$N %7 %9%F %‘ $N:G $b 4pK\ E* $J OHAH $H $7$F!$ :G 2<0L AX $K<+ N’ 7O$r;}$DG>$N9=@.K!$rDs0F$9$k (Fig.3.1) !% 3.2.3 <+N’E*5!G=$rC4$&7O$NOHAH 3.2.1 @a (ii) $O!$ 3.2.2 @a $G =R $Y $? <+ N’ E* 5! G= $r C4 $& 7O $K Hw $o$C $F $$ $k $Y $- >r 7o $G $" $k$H9M$($k$3$H$,$G$-$k!% K\ 8& 5f $G $O!$ %m %\%C %H $N 2< 0L AX $r 9= @. $9 $k <+ N’ E* 5! G= $r C4 $& AX $r!$ %; %s %5!& %" %/ %A%e%(!< %?$,L)@\$K 7k$SIU$$$?H? <MF0:n$r9T$& <+N’5!G=%b %8%e!<%k$,!$I,MW$K 1~$8$FJ# ?tJB Ns$K<B9T$5$l $k$H$$$&7A $G9=@.$7$?!%$5 $i$K!$JBNs$K=P NO$5$l$k<+N’ 5!G=%b%8%e!< %k$+ $i$N%"%/%A%e%(!< %?>pJs$N=P NO$O!$@dBPE*$J CM$G$O$J$/8= :_CM$H$N:9J, $H$7!$$=$l $i$r8=:_CM$KB-$79g$o$;$k7A$K$7$?!% $3$l$O!$%5%V%5%s%W%7%g%s!&%"!<%-%F%/%A%c$K3X$s$@7A$G$"$k$,!$ � 3F C1 5! G=%b %8%e!< %k$O!$ F~ NO >pJs!& =P NO $r7W ;; $9$k 4X ?t!& =PNO >p Js$H $$ $&!$ :G>. 8BI,MW$JOHAH$@$1$r;}$D!% � >e0L$+$i%b%8%e!<%k$N5/F0!&=*N;!&%Q%i%a!<%?$NJQ99$,<+M3$K$G$-$k!% � 6% 9g $9 $k%b %8%e!< %k $N=P NO $, $"$k >l 9g!$ %5%V %5 %s %W%7%g %s!& %"!< %-%F %/ %A%c $N>l 9g$OM%@hEY$K$h$jD4Dd$r9T$&$,!$K\<jK!$O:9J,$NOB$H$$$&7A$r$H$k!% $H$$$& FCD’$r;}$D!% 3 E@L\$K5s$2$?FCD’$O!$ 6%9g$9$k=PNO$,C1=c$J OB$N7A$K$J$jN>J}$, @8$+ $5$l$k$H$$$& MxE@$,$"$k$,!$L7 =b$9$k=PNO$r OB$N7A$GLdBj $J$/2r7h$G$- $k$+$H$$$& 5?Ld $b$"$k!%:9J,$N OB$N7A$O$^$@ $^$@2~A1$NM> CO$,$"$j!$=E$_ $D$-$NOB$rMQ $$$k$J$I$N <jK! [39] $,9M$($k!% $3 $N FC D’ $O!$ 3.2.1 @a (iii) $N!$ <+ F0 3MF@ $9 $k ;E AH$_ $r AH $_ 9~$‘ $3 $H $, $G$- $k $H $$ $& >r7o$rK~$?$7$F$$$k!%$D$^$j!$

| Bh 3 >O !’ ?M4V7?%m%\%C%H%7%9%F%‘$N9=@.K! | 29 3.2 K\O@J8$GDs0F$9$k%7%9%F%‘9=@.K! Bh 3.1 @a $G 5D O@ $7 $? %m %\%C %H %7 %9 %F %‘ $N 9= @. K! $N 8& 5f $r 9M N8 $7!$ K\ 8& 5f $G $O A4 ?H $G J*BNA‘:n$r9T$&?M4V7?%m%\%C%H$N%7%9%F%‘9=@.$r0J2<$N$h$&$K9=@.$9$k!% 3.2.1 4pK\%3%s%;%W%H Bh 2 >O $* $h $S Bh 3.1 @a $N 5D O@ $h $j!$ A4 ?H $G J* BN A‘ :n $r 9T $& ?M 4V 7? %m %\%C %H $K 5a $a $i $l$kMW7o$r$^$H$a$k$H!$0J2<$N$h$&$K$J$k!% � 4oMQ$JA‘:n ( %0%i%9%W%l%9!&%^%K%T%e%l!<%7%g%s$r4^$‘ ) � %;%s%5%Y!<%9$G%j%"%/%F%#%V$JF0:n � B?<+M3EY6(D4F0:n � B?:L$JA‘:nJ}K! � B?MM$JA‘:n>u67 � L$CNJ*BNA‘:n � 8zN($NNI$$F0:n � 0\F0!&1?HBG=NO � A‘:nJ}K!$N7W2h >/ $J $/$H $b >-Mh E* $K$3 $l $i$N MW7o $r K~B- $G $-$k 2D G=@- $r ;}$D 7A $G!$%7 %9 %F%‘ $r9= @. $9$k $Y$-$G$"$k!%K\ 8&5f$G$OA4?H $GJ*BNA‘:n$r 9T$&?M4V7?%m %\%C%H%7%9%F%‘ $N9=@.K!$H $7$F!$0J2<$NE@$r=E;k$7$?%7%9%F%‘9=@.K!$rDs0F$9$k!% � � (i) 9TF0 $N ;XNa $O Cj>] E* $J%l %Y %k $GM? $(!$ F0:n!& 5! G=$N B? $/$O <+ N’E* $K 9T$& $3 $H $rL\;X$7$?OHAH$G$"$k$3$H (ii) 463P$H9TF0$,L)@\$K7k$SIU$/5!G=$r;}$D$3$H (iii) <+F03MF@$9$k;EAH$_$rAH$_9~$‘$3$H$,$G$-$k$3$H (iv) J*BN$N=ENL!&Bg$-$5!&9E$5!&7A>u$r@53N$KCN$i$:$H$b!$A‘:n$G$-$k$3$H � �

| Bh 3 >O !’ ?M4V7?%m%\%C%H%7%9%F%‘$N9=@.K! | 28 %?$H $7 $F!$$3 $& $7$? <jK! $K $h$j F@ $?%= %U %H%&%’ %"$r Mx MQ$9 $k $3$H $,$G $- $k$H 9M $( $i$l$k!% K\ 8& 5f$G Cf ?4$K ?x $($F $$ $k2] Bj$G $" $kJ* BN A‘:n $K 2r@O E* <jK! $r MQ$$ $k $?$a $K$O!$ A‘ :nBP >]$K4X$9$kCN <1$,I,MW$G$"$k!% L$CNJ*BN$NA‘ :n$K2r@OE*<j K!$rMQ$$$k$3 $H$,$G$-$k $N$O!$ $=$NJ*BN$N=E NL$N1F6A$,L5 ;k$G$-$k>l9g $K8B$i$l$k!%$^ $?!$7A>u$,L$CN $NJ*BN$K BP $7 $F $O!$ 2? $i $+ $N J} K! ( ;k 3P >p Js $J $I ) $G 7A >u $r ?d Dj $7 $J $1 $l $P $3 $& $7 $? <j K! $O Mx MQ $G$-$J$$!% <B 83 E*<j K! $O?M 4V $N=u $1 $r<Z $j $F%= %U %H%&%’ %" $rF3 =P $9$k $3 $H$K $J $j!$2r @O $,:$ Fq $J>l 9g$dIT3NDjMW AG$KBP1~$7$J $1$l$P$J$i$J $$>l9g$KM-8z $G$"$k$,!$MM!9$J 5!G=$r0l$D 0l$D<B83E*$K<B8=$7$F$$$/$N$O!$$"$^$j8=<BE*$G$O$J$$!% $7 $? $,$C$F!$ L$ CNJ* BN $N A‘:n $r ;kLn $K F~$l $k >l9g!$ C5 :w E*<j K! $9$J $o $A<+ 8J AH?% 2= $NOHAH$rF3F~$G$-$k$h$&$K%7%9%F%‘$r9=@.$9$k$3$H$,I,?\$H$J$k$H9M$($i$l$k!% ii) 3,AX9=B$$K$*$1$k<+8JAH?%2= 3, AX 9=B$ $K $*$1 $k <+8J AH ?%2= $O!$ 3F3, AX Fb$G $N <+8J AH ?%2= $H!$ 3,AX 9= B$$N <+ 8JAH ?% 2=$,9M$($i$l$k!% 3F3,AXFb$G$N<+8JAH?%2= A09‘ $G =R$Y $?$N $O!$ @$3& $H $NAj 8_:n MQ $K$h $k5! G= $rC4 $&AX $N FbIt $N <+8J AH?% 2= $G $"$k!% F1 MM$K!$ Nc $($P F0 :n$N <j =g$r C4 $&AX $,$" $k $H$9 $k $H!$$= $N $I$N $h $&$J =g =x $G$I $N F0:n $r 9T$( $P!$=j K> $N7k 2L $,F@ $i $l$k $+$r!$ <+ 8JAH ?% E*$K 3MF@ $9 $k$H $$ $& $N$,!$ 3F AX$K $* $1$k <+8J AH ?%2= $G $"$k!% A4 $F$N AX$K $* $$$F $3 $&$7 $?C5 :w E*<j K! $, M-8z $+ $I$& $+$O 0l 35$K $O 8@$( $:!$3F AX $4$H $K:G E, $J<j K!$r A* Br$7 $J $1$l $P$J $i $J $$!% 9=B$<+BN$N<+8JAH?%2= E, @Z $J 9= B$ $r C5 :w $9 $k $H $$ $& 9M $( J} $G $" $k!% 3.1.1 @a $G =R $Y $? BeNet[34] $r!$ 9= B$$NJQ 2=$,2D G=$J$h $&$K3H D%$7$?Nc [38] $O!$ $3$&$7 $?9M$(J} $NF3F~ $,2DG= $J%7%9 %F%‘ $N Ds0F $G $"$k $H8@ $( $k!%9= B$ $NJQ 2= $r2D G=$K $9 $k$3 $H $O$G $-$F $b!$ $3$N 9M $( J}$O 9= B$$N I>2A 4p =‘$N @_ Dj$, Fq$7 $/!$ $=$b $=$b :G E,$J 9=B$ $H $$$& $b $N$, $o$+ $i $J $$$? $a $K!$MM!9 $J 9=B$ $, Ds0F $5 $l$F $$ $k$H $$$& 8= >u$r 9M $($k $H!$ <B:] $K 9=B$ <+ BN $N<+8JAH?%2=$H$$$&35G0$rF3F~$9$k$K$O$^$@$^$@2]Bj$,B?$$$H8@$($k!%

| Bh 3 >O !’ ?M4V7?%m%\%C%H%7%9%F%‘$N9=@.K! | 27 $,M} A[E*$J%7%9%F %‘$G$"$k$+$O $o$+$i$J$$$,!$ 9bEY$JCNG=$N <B8=$N$?$a$K $O!$Hs>o$KJ# ;($J9=B$$,I,MW$J$N$G$O$J$$$+$H;W$o$;$k!% %m %\%C %H$N %7 %9%F %‘ $rAX 9= B$$G 9= @.$9 $k $N$O!$ CN G=$N <B 8=$N $? $a$H $$ $&$h $j $O$‘ $7 $m$b$C $H8=<BE*$J!$$o $+$j$d$9$/07 $$$d$9$$7A$G %7%9%F%‘$r9= C[$9$k$?$a$N <jK!$G$"$k $HB*$($k$3$H$b$G$-$k!% 3.1.3 <+8JAH?%2= 3.1.1 @a $* $h $S 3.1.2 @a $G $O!$ %7 %9 %F %‘ $N 9= B$ $K 4X $9 $k 5D O@ $r 9T$C $? $,!$ K\ @a $G $O!$ =jK> $N9TF0$r<B8= $9$kJ}K!$K$D$$ $F!$<+8JAH?%2= $J$I$NC5:wE* <jK!$NMxMQ$K 4X$9$k5DO@ $r9T$&!% i) 5!G=$r<B8=$9$k%=%U%H%&%’%"$NF3=P 3.1.1 @a $G $O!$ \ 5! G= " $r <B 8= $9 $k %= %U %H %&%’ %" $r $$ $+ $K $7 $F F3 =P $9 $k $+ $K $D $$ $F $O 5DO@ $7$J$+$C$?!%5!G= $r<B8=$9$k%= %U%H%&%’%"$rF3 =P$9$k<jCJ$H $7$F9M$($i$l $kJ}K!$r 0J2<$K5s$2!$$=$NFCD’$r=R$Y$k!% 2r@OE*<jK! M}O@ E* $J7W ;; $KI, MW$J %b %G%k 2= $d!$2> Dj $r@_ $1$F!$ $= $l$K 4p $E$$ $F2r @O E*$K 2r $r 5a$a!$$=$l$r5!G=$H$7$F<BAu$9$k$H$$$&<jK!$G$"$k!% Nc$H $7 $F?M 4V 7?%m %\%C %H$N %P %i%s %9 @)8f $H$$ $& 5!G= $r 9M$( $k $H!$%m %\%C %H$N 4v 2? 3XE* 9= B$$d =ENL $J $I$N J* M}E* $J%b %G %k$H!$ ;Q@* %; %s%5 $d%H %k %/%; %s %5$J $I$N >p Js $+$i!$ %P %i%s %9 $r0] ;}$9 $k $?$a $N @)8f $r M}O@ E*$K 7W ;;$7!$ $= $l$r %$%s %W %j%a %s %H $9$k$H$$$&$3$H$r0UL#$9$k!% 2r@O E* <jK! $O!$ 30Mp $d IT3N Dj MW AG$N L5 $$>l 9g $O!$Hs >o $KM- 8z $G$" $j!$ %m%\%C %H $N 5!G=$r<B8=$9$k<jCJ$H$7$F:G$bIQHK$KMxMQ$5$l$F$-$?!% C5:wE*<jK! M}O@ E* $J%b %G%k 2= $N:$ Fq $J5! G=$K BP $7$F $O!$<+ 8J AH?% 2=$J $I $NMx MQ $,M- 8z$J >l 9g $,$" $k!% $3$N >l 9g!$2r @O E*$K F3 =P$7 $? 65;U %=%U %H %&%’%" $r MxMQ $9 $k65 ;U $"$j <+ 8J AH?% 2= $H!$=j K>$9 $k 5!G= $N C#@. EY$r I> 2A$9 $k4p =‘ $r@_ $1$k 65 ;U$J $7 <+8J AH?% 2= $, 9M$($i$l$k!% <B83E*<jK! 2?$i $+ $NJ} K! $G%= %U%H %&%’ %"$N %W %m%H %? %$%W $r:n @. $7!$$= $l $r<B 83$K $h $jD4 @0 $9 $k$3 $H $K$h $j!$ =jK> $N5! G= $r<B 8= $9$k $H $$$& <jK! $G $"$k!% $" $^$j 3N<B @- $,$" $k $H $O8@ $( $J$$ $,!$ %b%G %k 2=$d 2r @O$, :$ Fq$G $"$k >l 9g!$<+ 8J AH?% 2= $N$? $a $N=i 4| %G!<

| Bh 3 >O !’ ?M4V7?%m%\%C%H%7%9%F%‘$N9=@.K! | 26 2~A1 $,$"$C$?!%<B@$ 3&$H$$$&J#;( $J4D6-$H$N Aj8_:nMQ$K $h$k5!G=%b%8%e!< %k$O!$%O!<%I %&%’%" $K0MB8$9$k5! G=$H$d$dCj >]EY$N9b$$%b %8%e!<%k$,:.:_$7 F@$k!%$3$&$7$? LdBj$r2~ A1$9 $k$?$a$K!$3F5! G=%b%8%e!<%k$r Cj>]2=$7!$5-=R $H<BAu$rL@3N $KJ,N%$9$Y$- $G$"$k$H $$ $& <g D% $, $" $k!% 2, $K $h $k BeNet $O!$ %O!< %I %&%’ %" $K 0M B8 $7 $J $$ 35 G0 >e $N %b %8%e!< %k 5-=R%b%G%k$G$"$k [34] !% $^ $?!$ Bro oks $N <g D% $O!$ => Mh $N 3, AX 2= $5 $l $F $$ $? %"!< %- %F %/ %A%c $r!$ %W %l!< %s $J 9=B$ $K$9$k$b$N$G $"$C$?$,!$$"$kDx EY9b<!$NCNG= $O<B8=$,:$Fq $G$"$k$H$$$& B&LL$r;}$C $F $$ $?!% $3 $& $7 $? Ld Bj $r 2r 7h $9 $k $? $a!$ Bro oks $N <g D% $H $O L7 =b $9 $k $,!$ %5 %V %5 %s %W %7%g%s!& %"!<%-%F%/%A%c $NOHAH$r;} $A$D$D!$3,AXE* $K9=B$2=$5 $l$?%"!<%-%F %/%A%c$NDs 0F$b$J$5$l$F$$$k!% Connell $O!$ SSS $H$$ $&;~4V!& 6u4V$, $=$l$> $lO" B3$+$I $&$+$N AH9g$; $G!$ 3 $D $NAX $N J, $1 J} $r Dj 5A $7 $? %7 %9 %F %‘ $r Ds 0F $7 $? [35] !% Bonasso $O!$ 3T $H $$ $& ;~ 4V!& %P %s %I I} $J $I $N $$ $/ $D $+ $N dimension $K $* $$ $F!$ $= $N AF $5 $G $I $N AX $K J, $1 $k $+ $r 7h $a $k $H $$ $& 7A$N%7%9 %F%‘$rDs 0F$7$? [36] !%$$ $:$l$b;0 AX9=B$ $N%"!<%-%F %/%A%c$G!$0l HV2<$N AX$, %5%V%5%s%W%7%g%s$NAX$G$"$k!% 3.1.2 3,AXE*%7%9%F%‘9=@. 3.1.1 @a $G $N 5DO@ $O!$ 5! G=$N <B 8=$N J} K! O@$G $"$C $?!% Bro oks $O!$ 3, AX E*9= B$ $r <h$j J’$& $3$H$K$h$C$F<B ;~4V@-$r;} $A$D$D!$9*L/$K 5!G=%b%8%e!<%k$r AH$_N)$F$k$3 $H$K$h$j %m %P %9 %H $K 9T F0 $9 $k $3 $H $, $G $- $k $3 $H $r <( $7 $? $,!$ 3.1.1 @a $N :G =* %Q %i %0 %i %U $K =R $Y $? $h$& $K!$$"$kDxEY0J >e$NCNG=$N<B 8=$K$O!$$=$l$@ $1$G$OITB-$G $"$k$H$9$k<g D%$b$"$k!% $9$J $o$A!$4D6-$NJQ 2=$KAGAa$/BP 1~$9$k$3$H$N $G$-$k$?$a$N OHAH$r2<0L$K ;}$A$D$D!$=> Mh$N ?M9)CNG=$G9T $o$l$F$$$k$h$& $J5-9f=hM}$J $I$b>e0L$G9T $($k$h$&$J!$3, AXE*$JOHAH $bI,MW$G$O$J$$$+$H$$$&$3$H$G$"$k!% $3 $& $7$? 3, AXE* $J 9=@. K! $O!$<B ;~4V =h M}$H 5- 9f=h M} $J$I $N AjH? $9 $kMW AG $rN> N)$5 $; $k$? $a$NOHAH$H8@ $(!$3FAX$K$*$1$k =hM}$rB>$NAX $r0U<1$;$:$K 07$&$3$H$N$G $-$k%7%9%F %‘9= @.K!$G$"$k!%%= %U%H%&%’%"%l %Y%k$@$1$G$J $/!$%m%\%C%H%7%9 %F%‘A4BN$K4X $7$F$b3, AXE* 9=@.K!$N5DO@ $,$"$F$O$^ $k!%$9$J$o$A!$K\ 8&5f$G:NMQ$7 $F$$$k%j%b!<%H %V%l%$%s!& %" %W %m!< %A [37] $b!$ %7 %9 %F %‘ $r %\ %G%# $H %V %l %$ %s $H $$ $& 7A $G Bg $- $/ Fs AX $K J, N% $9 $k $3 $H$K $h$j!$%"%/%A%e %(!<%?$d9=B$It :‘$J$I$N%\ %G%#$N@_7W$K 4X$9$k5DO@$H!$ %=%U%H%&%’ %"$K4X$9$k5DO@$r40A4$KFHN)$K07$&$3$H$N$G$-$kOHAH$G$"$k$H8@$&$3$H$,$G$-$k!% $H $3 $m$G!$ ?M 4V$N G> $O 3,AX 9= B$$K $J$C $F$$ $k $h$& $K 8+ $($k $,!$ $=$N 9= B$$O 0l 0U$K $O 7h$^ $i$J$$ItJ,$b B?!9$"$j!$$"$kLL $+$i8+$?AX9= B$$O!$JL$NLL$+ $i8+$k$H$^$? JL$JAX9= B$$, 9M$($i$l$k>l 9g$b$"$k!%$^$?!$ L@3N$KAX$,J, N%$7$F$$$k$N $G$O$J$/!$AX$H $7$FB*$( $?9= B$$r8Y$07k9g $NB8:_$b$"$k!% $=$7$F!$AX9=B$ $b7h$7$F0l<! 85E*$J$b$N$G $O$J$$!%G>

| Bh 3 >O !’ ?M4V7?%m%\%C%H%7%9%F%‘$N9=@.K! | 25 3.1 %m%\%C%H%7%9%F%‘$N9=@.K!$N8&5f Bh 2.2 @a $K =R $Y $? ?M 4V 7? %m %\%C %H $N J* BN A‘ :n $K $* $1 $k FC D9 $r @8 $+ $7 2] Bj $r 2r 7h $9 $k $?$a $K$O!$%\%G%#$N:n $jJ}$+$iF, G>$NItJ,$N%= %U%H%&%’%"$^$G 4^$a$?%m%\%C%H %7%9%F%‘ 9=@.K!$N8&5f$,=EMW$G$"$k!% %m %\%C %H $N8& 5f $O!$1? F0 @) 8f!$G’ <1!$ %W %i%s %K %s %0$J $I MM!9 $JB& LL $K>G E@ $r Ev$F $F ?J $a $i $l $F $- $? $,!$ $= $l $i $r E} 9g $7 $F <B @$ 3& $G CN E* $K <+ N’ 9T F0 $9 $k %m %\%C %H $r <B 8= $9 $k $3 $H $O 0M A3 $H $7 $F :$ Fq $G $" $k!% $= $N M} M3 $N 0l $D $K!$ %m %\%C %H $N >p Js %7 %9 %F %‘ $K MW AG 5!G= $rAH$_9~$_!$E} 9g$9$kJ}K!O@ $,==J,$K3NN) $7$F$$$J$$$3 $H$,5s$2$i$l $k!%5!G=E}9g $NJ} K!$r3NN)$9 $k$K$O!$%7%9%F %‘%"!<%-%F%/%A%c $,=EMW$G$" $j!$6aG/!$$3$l$^ $G9T$o$l $F$- $?MM!9$J5!G=$N 8&5f$rAH$_9~ $‘$?$a$N!$%m%\%C %H%7%9%F%‘$N 8&5f$,@9$s$K 9T$o$l$F $$$k!% K\O@J8$G$O!$$3 $&$7$?6aG/ $N%m%\%C%H%7%9 %F%‘9=@.K!$N 8&5f$r;29M$K!$ ?M4V7?%m %\%C%H$K$h$kJ*BNA‘:n$r9T$&$?$a$N%m%\%C%H%7%9%F%‘$N9=@.K!$r9M;!$9$k!% 3.1.1 <B@$3&$H$NAj8_:nMQ$K$h$k5!G=$N<B8= <B @$ 3& $N CN G= $r <B 8= $9 $k %7 %9 %F %‘ $H $7 $F!$ 4D 6- $H $N Aj 8_ :n MQ $N =E MW @- $N G’ <1 $, 9- $^$C $F$$ $k!% Bro oks $O!$ %;%s %5 >pJs $N6I =jE* $G B(1~ E*$J %U%#!<%I %P%C %/$r ;}$D HsF1 4| JBNs %7%9%F%‘$K$h$C $F0\F0%m%\%C%H $,<B@$3&$G<+ N’E*$J?6Iq$$ $r8+$;$k$3$H $r<($7!$46 3P$H1?F0$K$h$k4D6-$H$NAj8_:nMQ$N=EMW@-$r<gD%$7$? [31] !% $3 $& $7$? <g D%$O!$ %m %\%C %H%7 %9 %F%‘ $N @_7W O@ $KB? Bg $J 1F6A $r M?$( $?!% $=$l $^ $G$N %m %\%C %H %7 %9 %F %‘ $O!$ %? %9 %/ "* 9T F0 7W 2h "* F0 :n <j =g "* F0 :n $H $$ $& 3, AX E* $G 9= B$ 2= $5 $l $? %H%C %W%@ %&%s $J %"%W %m!<%A $,<g N.$@$C $?!%$3 $l $KBP $7!$ Bro oks $N Ds0F $7$? %5%V %5%s %W %7%g %s!& %"!< %- %F %/ %A%c [32] $O!$ 46 3P $H 1? F0 $r L) @\ $K 7k $S IU $1 $k <B @$ 3& $H $N Aj 8_ :n MQ $K $h $k \ 5! G= " $r %b %8%e!< %k2= $7!$ J# ?t $N 5! G= $N >e $K %m %P%9 %H $J %? %9 %/ ?k 9T G= NO $, $G $- $" $, $k $H $$ $&!$ %\ %H %‘ %"%C %W $J %" %W %m!< %A $K $h $j 9= C[ $7 $h $& $H $$ $& OH AH $@$C $?!% $3 $l $O!$C‘ <!E*$KJ,2r$5 $l$F$$$?$=$l $^$G$N9TF07W 2hK!$H$O0c$C$F!$ 5!G=$K$h$jJ, 2r$5$l$? 9TF0 MWAG$,JBNs$K F0:n$9$k$H$$ $&7ABV$G!$E}9g $5$l$?9TF0$r <B8=$9$k$H$$ $&0UL#$G$b!$ ;B?7$JOHAH$@$C$?!% B? ;X %O %s %I$N @) 8f $K $3$& $7 $? OH AH$r Mx MQ $9 $kNc $b $" $j [33] !$?M 4V 7? %m %\%C%H $N A4 ?H F0:n$K$bE,MQ$G$-$k$H9M$($i$l$k!% 46 3P $H 9T F0 $r D> @\ 7k $s $@ $$ $o $P \ H? <M " $N $_ $+ $i $J $k 5! G= $N =E >v $h $j @8 $8 $k CN E* $K 8+$( $k9TF0$K!$CNG= $NK\<A$,$"$k $N$G$O$J$$$+ $H$b;W$o$;$? $,!$$=$N8e$=$N C1=c$H$b8@ $($k OHAH$@$1$G$O MM!9$JLdBjE@$, $"$k$3$H$b;X E&$5$l!$2~A1$9 $k$?$a$NMM!9$J ;n$_$,Ds 0F$5$l$?!% %5 %V %5 %s%W %7%g %s!&%"!< %- %F %/%A%c $N Ld BjE@ $r 2~ A1$9 $k ;n $_$N 0l $D$K!$ 5- =R J}K! $N

Bh 3 >O ?M4V7?%m%\%C%H%7%9%F%‘$N9=@.K!

| Bh 2 >O !’ ?M4V7?%m%\%C%H$K$*$1$kJ*BNA‘:n | 23 $5 $i $K $O!$ J* BN $r ;}$C $? >u BV $G $N 0\ F0 $d!$ 2.1.2 $G =R $Y $? %0 %i %9 %W %l %9!& %^ %K %T%e %l!<%7%g %s!$$9$J$o$A 2!$9!&E>$,$9$J $I$NA‘:n$N :]$N0\F0$O!$ J*BN$N=E$5!&K‘ ;$$J$I$N IT3NDjMWAG$KBP$7$F4h7r$+$D=@Fp$J0\F0G=NO$,5a$a$i$l$k!% B?MM$J>u67$K$*$1$kA‘:n 1.1.1 $N ?M 4V $N @8 3h $N >l $K $* $1 $k ?M 4V 7? %m %\%C %H $K $* $$ $F =R $Y $? $h $& $K!$ ?M 4V 7? %m %\%C%H $O?M4V$+$i3V N%$5$l$?4D6- $G$O$J$/!$?M4V $HF1$86u4V$G 3hF0$9$k$3$H $,4|BT$5$l $k!%$=$N$?$a!$J*BNA‘:n$r9T$&;~$N>u67$b!$B?MM$G$"$k$3$H$,A[Dj$5$l$k!% $7 $? $,$C $F!$ 2.2.1 $N B? MM $J A‘ :n J} K! $N 9‘ $G =R $Y $? A‘ :n J} K! $N B? MM @- $@ $1 $G $J $/!$ A‘:n $r9T$&:]$N<~ $j$N>u67$dA‘:n BP>]$NG[CV>u 67$J$I$bB?MM $G$"$k$3$H$, M=A[$G$-$k!% A‘:n $r9T$&:]$N<~ $j$N>u67$NB?MM @-$H$O!$Nc$($P B>$NJ*BN$H43 >D$7$F$O$J$i $J$$$J$I$H $$$C$? $3$H$G$"$j!$A‘ :nBP>]$NG[CV >u67$NB?MM@- $H$O!$Nc$($P4y $N2<$+$i<h$j =P$7$?$j C*$N>e$K$N$;$k$J$I$H$$$C$?$3$H$G$"$k!% $3 $l $^$G!$ 9) >l$J $I $N %m%\%C %H $N$? $a $K@0 Hw $5$l $? 4D 6-$G 9T $o$l $F $-$?!$ @0 Hw$5 $l $?>u 67$G$NA‘:n Cf?4$+$i!$IB1!!& %*%U%#%9!$$5$i$K $O2HDmFb$H!$ CJ3,E*$K@0Hw $5$l$F$$ $J$$ 4D6-$G$N:n6H $r5a$a$i$l$F $$$/$H9M$($i $l$k!%$=$N:]$K I,MW$H$J$k$N $O!$%m%\%C%H $,<+$i>u67$rG’<1$7!$$$$+$K$7$F%?%9%/$r?k9T$9$k$+$r7W2h$9$k$3$H$G$"$k!%

| Bh 2 >O !’ ?M4V7?%m%\%C%H$K$*$1$kJ*BNA‘:n | 22 $k!%:G E,2r$G$J$/$F $b!$:G>.8BI,MW $J2DHB=ENL$r <B8=$9$k2r$r 5a$a$k$3$H$, $G$-$k$3$H $,=EMW$G!$C5:wE*<jK!$O0l$D$NM-8z$J<jCJ$G$"$k$H9M$($i$l$k!% $^ $?!$ $3$& $7 $?8z N( $NNI $$ A‘:n J} K!$r 5a $a$? 7k 2L!$B? MM $JA‘ :n J}K! $r ;}$D $3 $H$K $b $J$k$H9M$($i$l$k!% 2.2.2 ?M4V7?%m%\%C%HFCM-$NFCD9$H2]Bj 0J 2< $G$O!$ ?M 4V7? %m %\%C %H$K $h $kJ* BN A‘:n $K FCM- $N FC D’$r 5s $2!$$= $N MxE@ $d 2]Bj $r =R$Y$k!% ;Y;}9=B$IT:_ B? ;X %O%s %I $K$h $k J*BN A‘ :n$H 7hDj E* $K0[ $J $kE@ $O!$ A4?H $, ;Y$( $i $l$F $$ $J$$ $H$$ $& E@$G $"$k!%$9$J$o$A!$ B?;X%O%s%I $N>l9g$K$O<j <sIt$,%"!<%‘$K ;Y$($i$l$F$$ $k$,!$?M4V 7?%m %\%C%H$NA4?H$r MQ$$$k>l9g $K$O!$5SIt$K$h$C $FA4?H$r;Y$( $J$1$l$P$J$i $J$$!%$3$N $h $& $K!$ A4 ?H $r ;Y $( $D $D I, MW $J J* BN A‘ :n $r 9T $o $J $1 $l $P $J $i $J $$ E@ $,!$ $3 $l $^ $G $N %m %\%C%H$NJ*BNA‘:n$KL5$$=EMW$J2]Bj$G$"$k!% $3 $N E@$O!$ 8e =R$N 0\ F0!&1? HB G=NO $* $h$S B? MM$J >u 67$K $* $1$k A‘ :n $H L) @\$K 4X $o$j $r ;} $D!% $9 $J $o $A!$ 8G Dj $5 $l $k >l =j $, L5 $$ $? $a $K A‘ :n BP >] $N 0\ F0 $H $$ $& %? %9 %/ $r 9M $( $? ;~!$0\ F02DG=$J6u4V E*NN0h$,!$%Y!< %9$K8GDj$5$l $?%"!<%‘$K<h$j IU$1$i$l$?B? ;X%O%s%I $J$I $h$j9-$$$N$O $b$A$m$s$N$3 $H!$<VNX7?$J$I $N2DF0<0$N%Y!< %9$K<h$jIU$1 $i$l$?%^%K %T%e%l!<%?$HHf3S$7$F$b$+$J$j9-$$$H$$$&$3$H$,8@$($k!% $3 $l $O!$0\ F0 5!G= $b ;M ;h$r Mx MQ$9 $k ?M4V 7? %m%\%C %H $, ;}$D!$ Hs >o$K Bg $-$J :n 6HG= NO $N2D G=@-$H$$$&FC D9$r<($9$HF1;~ $K!$$$$+$K$=$l $r@8$+$7$?:n 6H7ABV$r<B8= $9$k$+$H$$ $&2]Bj$b<($7$F$$$k!% 0\F0!&1?HBG=NO Bh 1 >O $G!$ 0\ F0 $H J* BN A‘ :n $O <B MQ $N $? $a $N %m %\%C %H $K 5a $a $i $l $k :G $b 4p K\ E* $J F0 :n $G$" $k$H=R$Y$?!% %Y!<%9$K8GDj$5 $l$?%^%K%T%e%l!< %?$O!$$=$N2D F0HO0OFb$G$7 $+J*$rF0 $+$9 $3$H$,$G$-$J $$$,!$FsB-FsOS $r;}$D%m%\%C%H $O35G0E*$K$O L58B$N2DF0HO 0O$r;}$D!% FsB- Jb9T$O0\F02D G=NN0h$,Hs>o $K9-$$!%$=$7$F!$ ?M4V$HF1$8@8 3h6u4V$G3hF0 $9$k$h$&$K $J $k $H (1.1.1 ?M 4V $N @8 3h $N >l $K $* $1 $k %m %\%C %H $N 9‘ ) !$ B> $N 0\ F0 7A BV $G $O $I $& $7 $F $b 0\ F0$,:$Fq$K$J$k>l=j$,B?$/$J$k!% ?M 4V 7? %m %\%C %H $N 0\ F0 G= NO $O!$ 8= :_ $O %9 %‘!< %: $J F0 Jb 9T $, <B 8= $5 $l $F $$ $k $H $O 8@ $(!$?M 4V$NA4?H$r;H $&0\F0$b4^$a $?0\F0G=NOA4 HL$r9M$($l$P!$ $^$@$^$@$=$N 2DG=@-$r9- $/;D $7$F$$$k$H8@ $($k!%F1;~$K J*BN$r1?HB$9 $kG=NO$b!$Bg$- $J2DG=@-$r;}$C $F$*$j!$:# 8e$N?M4V7?%m%\%C%H$K$h$kJ*BNA‘:n$K$*$1$k2]Bj$N0l$D$G$"$k!%

| Bh 2 >O !’ ?M4V7?%m%\%C%H$K$*$1$kJ*BNA‘:n | 21 $r5- =R$9$k<jK!$O!$ GKC>$r$-$?$9 2DG=@-$,9b$$!% ?M4V$,M?$($k ;XNa$OCj>]E* $J:n6H$N35 MW$G!$ $=$N?k9T$KI, MW$JB?$/$N5! G=$O%m%\%C%H$, <+N’E*$K9T$& $3$H$,$G$-$k $h$&$JOHAH $,M- 8z$G$"$k!%?M4V $,M?$($F$$$? ;XNa$O!$>-Mh$O ?M4V$G$O$J$/ %m%\%C%H$N9TF0 @8@.It$, =P$9 ;XNa$K$J$k$H 9M$($i$l$k$,!$ $=$N;~$K$b$3 $&$7$?OHAH$, $"$l$P!$9TF0@8 @.It$OCj>] EY$N9b$$;XNa$r:G>.8B@8@.$9$l$P$h$$$H$$$&$3$H$K$J$k$H9M$($i$l$k!% %m%\%C %H$N?k9T$9$k%?%9 %/ ( 9TF0 ) $r!$$= $l$r9=@.$9$k8D!9$N F0:n!$$5$i$K$O$=$l$r 9=@. $9$k8D!9$N5!G= $H$$$&$h$&$K 3,AXE*$K9M$( $l$P!$MM!9$JDc%l %Y%k$J5!G=$O <+N’E*$K <B9T $7$D$D!$>e0L$N 9TF0%l%Y%k$N;X <($r<u$1F~$l $k$3$H$N$G$- $kOHAH$,M-8z $G$"$k$H9M $($i$l$k (Fig.2.1) !% Fig. 2.1 ;XNa$N3,AX Order hierarch y 8zN($NNI$$A‘:nJ}K! J* BN A‘:n $O!$ 4pK\ E* $K?M 4V $NFy BN E*Ii C4 $r7Z 8: $9$k $? $a$N $b $N$G $" $j!$Hf 3S E*=E $$ J*$N 07$$$,5a$a$i $k!%$7$?$,$C$F!$ 07$$J}$N8zN( $b=EMW$K$J$k $G$"$m$&$H9M $($i$l$k!% $H $$ $& $N $O!$ F1 $8 J* BN $r ;} $D $N $K $b!$ ;} $A J} $K $h$C $F ;} $F $k >l 9g $H ;} $F $J $$ >l 9g $, $" $k!$$H$$$&>u67$bBg$$$K9M$($i$l$k!% FC $K ?M4V 7? %m%\%C %H $O!$ A4?H $r ;H$& $3 $H$K $h$C $F%O %s %I $N$_ $r MxMQ $7 $F;} $D >l9g $h $j =E $$ J* BN $r ;} $D $3 $H $, $G $- $k $H 9M $( $i $l $k!% B? ;X %O %s %I $N >l 9g $O!$ GD ;} J} K! $K $h$C $F!$ GD ;} $N %m %P %9 %H @- [26] $, JQ $o $k $? $a!$ ;X @h $@ $1 $r Mx MQ $7 $F GD ;} $9 $k >l 9g $h $j!$ ;X ESCf %j%s%/$bMxMQ $7$?J}$,8zN($, NI$/!$$h$j=E$$ J*BN$r;}$D$3 $H$,$G$-$k$H $$$&$3$H$K BP1~$9$k!% %O%s %I$N$_ ( $"$k$$$O;X@h$N$_ ) $N>l 9g!$5!9=E*9=B$$H%"%/ %A%e%(!<%?$N:GBg%H%k%/ $+ $i!$ :G Bg 2D HB =E NL $, 7W ;; $G $- $k $,!$ A4 ?H ( $" $k $$ $O B? ;X ) $r ;H $& >l 9g $O!$ ;} $A J} $N <o N‘$O B?<+M3EY6u4V $K9-$,$k!%:G$b2D HB=ENL$NBg$- $$;}$AJ}$r2r @OE*$K5a$a$k $3$H$O6K$a $F:$ Fq$G$"$j!$%Q %i%a!<%?%A%e!<%s$J $I$N!$<B83E*$J <jK!$bFq$7 $$$G$"$m$&$H 9M$($i$l

| Bh 2 >O !’ ?M4V7?%m%\%C%H$K$*$1$kJ*BNA‘:n | 20 M?$( $FF0:n$N%P%j %(!<%7%g%s$r0l$D 0l$DA}$d$7$F $$$/$H$$$&J} K!$G$O!$?M4V$, $=$l$>$l $NF0 :n$r5-=R$G$- $kI,MW$,$"$j!$8e =R$N 9TF0$N5- =RK! $,=EMW$H $J$k$G$"$m$& $H9M$($i$l $k!%$"$k$$$O!$3X=,$J$I$NC5:wE*<jK!$,M-8z$H$J$k$H9M$($i$l$k!% $b $& 0l$D $N LdBj $O!$ A‘ :nJ} K! $NA* Br $NLd Bj $G$" $k!% A‘ :nBP >] $NJ* M} E*>r 7o $+$i!$ G! 2?$KA‘:nJ}K!$r7hDj$9$k$+$H$$$C$?LdBj$K4X$9$k8&5f$b=EMW$H$J$k$H9M$($i$l$k!% L$CNJ*BNA‘:n A‘ :n BP >]$N =E NL!&Bg $- $5!& 7A>u!& 9E $5!& K‘;$ $J $I $N>p Js $, M?$( $i $l$J $$ >l 9g$K!$ $I $N$h$&$K$7$FA‘:n$r9T$&$+$H$$$&LdBj$b!$:#8e8&5f$5$l$F$$$/$Y$-2]Bj$G$"$k!% MM!9 $J J*BN $r MM!9 $JA‘ :n J}K! $G A‘ :n$G $- $k<+ M3 EY $r;}$C $F $$$k ?M 4V 7?%m %\%C %H$d B? ;X%O %s%I$O!$A‘:n$9 $kJ*BN$N>r7o $K1~$8$FA‘:n J}K!$rA*Br$9 $kI,MW$,$"$k!% $3$&$7$?B? <+M3 EY$N%m%\%C%H$K!$ $=$NA*Br;h$H $J$kA‘:nJ}K! $r?M4V$,2r@O $7$F65<($9$k $H$$$&J}K! $O!$?M 4V$N<j4V$NLd Bj$H!$:GE,$JA‘ :nJ}K!$r?M4V $,<($9$3$H$, $G$-$k$N$+$H $$$&LdBj$, $" $j!$ A‘ :n J} K! $K B? :L $J %P %j %(!< %7%g %s ( $N 2D G= @- ) $, $" $k $@ $1 $K!$ $d $, $F $O GK C> $r $- $?$9 $N$G$O$J$$$+ $H9M$($i$l$k!% F1MM$K!$A‘:n$N $?$S$KA‘:nBP >]$NJ*M}E*>r 7o$r65$($k $N$b!$<j4V$NLdBj$H!$I,MW$J>pJs$rA4$FM?$($k$3$H$,$G$-$k$+$H$$$&LdBj$,$"$k!% $=$3$G!$$3$&$7$?%m%\%C%H$O!$ � A‘ :n BP>] $N =ENL!& Bg $-$5!& 7A >uEy $N FC@- $r!$ %;%s %5$r MQ $$$F <+ $iCN $k G=NO $r ;}$D $3$H$,M}A[E*$G$"$k!% � $5 $i $K!$A‘ :n BP>] $N FC@- $KE, $7 $?A‘ :n J}K! $rA* Br $9$k!$ $" $k$$ $O ?7$7 $$J} K! $r3+ Bs$G$-$kG=NO$r;}$D$3$H$bK>$^$l$k!% $H$$ $&$3$H$,!$8@$( $k!%$3$&$7$? G=NO$O!$:#8eB? <+M3EY$N%m%\%C %H$,<BMQ2=$5 $l$F$$$/ $K=>$C $F!$8=:_$N!X;}$C $F$$$?J}$, NI$$!Y$H$$$& >u67$+$i!$!X;} $DI,MW$,$" $k!Y$H$$$& >u67$KJQ2=$7$F$$$/$G$"$m$&$H9M$($i$l$k!% A‘ :n BP>] $N FC@- $r <+NO $G CN$k $K $O!$$= $N $?$a $N %;%s %5 $r;} $? $M$P $J $i$J $$!% $H$j $o $1L$ CNJ*BN$NA‘:n $N$?$a$K$O!$NO %;%s%5$"$k$$ $O%H%k%/%;%s %5$,I,?\$G$" $k!%?M4V$b!$ =ENL J*$NA‘:n;~$K $O!$NO3P$N>pJs $r%U%k$KMxMQ $9$k!%B>$K$O!$K‘ ;$$J$I$N>r7o $rCN$k$? $a$K $O!$?(3P%;%s%5 $,=EMW$G$" $j!$J*BN$N7A>u!& Bg$-$5$NCN3P $K$O!$;k3P>pJs $b=EMW$H $J$k $G$"$m$&$H9M $($i$l$k!%=E NLJ*$r;}$C$?>u BV$G$O!$%b%G%k %Y!<%9$N7W;;$G $O@53N$J <+J,$N;Q@*$rCN$k$3$H$O$G$-$:!$;Q@*%;%s%5$bI,MW$G$"$m$&!% 9TF0$N5-=RK! 2.1.2 @a $N 4o MQ $J A‘ :n $N 9‘ $G$b ?( $l $? $,!$ B? MM $J A4 ?H9T F0 ( B? ;X %O %s %I $N >l 9g!$ B?;X 6( D4 9TF0 ) $r!$ I, MW$J =h M}$r A4 $F MeNs $9 $k$h $& $J <jK! $d!$ 4X@a <+ M3EY 6u 4V $K$* $$ $FF0 :n

| Bh 2 >O !’ ?M4V7?%m%\%C%H$K$*$1$kJ*BNA‘:n | 19 2.2 ?M4V7?%m%\%C%H$K$h$kJ*BNA‘:n$K$*$1$kFCD9$H2]Bj $$ $o $f $k%^ %K %T%e%l!< %? $K $h$k J* BN A‘:n $, %0 %j%C%Q Mx MQ!& Dj7? F0 :n!&4{ CN J* BNA‘ :n $G$"$C $?$N$KBP$7!$ ?M4V7?%m%\%C%H $K$h$kJ*BNA‘ :n$OB?MM@-!& =@Fp@-$,FCD’ $G$"$k!%K\ @a$G$O!$?M4V7?%m%\%C%H$K$h$kJ*BNA‘:n$K$*$1$kFCD9$H2]Bj$r5s$2$k!% 2.2.1 B?;X%O%s%I$N1dD9@~>e$K0LCV$9$kFCD9$H2]Bj A4 ?H $rMQ $$ $k?M 4V 7?%m %\%C %H$N J* BNA‘ :n $O!$B? ;X %O%s %I $K$h $k J*BN A‘ :n$H N‘ ;w$7 $? E@$, B?$$!%$=$b$=$b!$ 44$+$i;^J,$+ $l$7$?B??t$N <+M3EY$r;}$D %j%s%/$rJ#?t K\;}$D$H$$ $&9= B$$NLL$+$i8+ $k$H!$B?;X%O%s %I$H?M4V7?%m %\%C%H$OF1$8M} O@$r;}$C$F07$& $3$H$,$G $-$k >lLL$,B?$$!%?M 4V7?%m%\%C%H$K $h$kA4?H$rMx MQ$9$kJ*BNA‘ :n$r!$B?;X%O%s %I$K$h$k J*BNA‘:n$NH/E87A$N0l$D$H$7$FB*$($k$3$H$,$G$-$k!% $7 $? $,$C $F!$?M 4V 7?%m %\%C %H $K$h $k J* BNA‘ :n $K $*$1 $k FC D’$* $h $SFC D9!& 2] Bj$O!$ B? ;X%O %s%I$N$=$l$H =EJ#$9$k$b$N $,$$$/$D$+$" $k!%0J2<$G$O!$?M 4V7?%m%\%C%H$H B?;X%O%s %I$K6&DL$9$kFCD9!&2]Bj$r=R$Y$k!% B?<+M3EY6(D4F0:n B? ;X %O %s %I $K $* $1 $k Whole-Arm Manipulation[25] $O!$ $= $N 1d D9 $K GD ;} J* BN $H %m %\%C %H $H $N @\ ?( It J, $r 3H Bg $7 $? Whole-Hand Manipulation $, $" $j!$ $= $N $5 $i $K H/ E8 $H $7 $F!$ Whole-Bo dy Manipulation $9 $J $o $A A4 ?H $K $h $k J* BN A‘ :n $H $$ $& 35 G0 $b B8 :_ $9$k $G$"$m$&!%?M4V 7?%m%\%C%H$K$* $$$F$b!$B?;X%O %s%I$K$*$$$F 9T$o$l$F$-$? B?<+M3EY $r6( D4$5$;$kF0:n $N8&5f$H!$L)@\ $J4X$o$j$r;} $D$H9M$($i$l $k!%$5$i$K$O!$N> <T$rE}9g E*$K07$&$3$H$N$G$-$k$h$&$JHFMQ$JOHAH$N8&5f$b=EMW$G$"$k!% B?MM$JA‘:nJ}K! J* BN $N07 $$ J} $,C1 0l %Q%?!< %s $G $J$/!$ K- IY$J %P %j %(!<%7%g %s $r;} $D $3 $H$, MW 5a$5 $l $k!%$9 $J$o$A!$07$& J*BN$NBg$- $5!&7A>u!&=ENL!& 9E$5!&I=LL$N K‘;$$J$I$N!$ MM!9$J>r7o $K1~ $8$F!$<j@h$N $_$G;}$D!$OF$K Jz$($k!$N><j $G64$‘!$N><j $GJz$(9~$‘!$8* $KC4$0!$GX Cf $K GX Ii $&!$ N> <j $G Jz $( $J $, $i I( $N >e $K $N $; $k!$ $H $$ $& $h $& $K!$ MM!9 $K ;} $A J} $r JQ $( $k$3 $H$,5a$a$i $l$k!%$5$i$K$O!$ ;}$A>e$2$k $N$G$O$J$/!$ %0%i%9%W%l%9!& %^%K%T%e%l!< %7%g%s $r;29M$K!$E> $,$9!&2!$7$F3j $i$9!&%T%\%C%HA‘ :n$J$I$K$h $kJ*BNA‘:n$b EvA3I,MW $K$J$C$F$/$k$G$"$m$&$H9M$($i$l$k!% $3 $& $7$? A‘ :nJ} K! $N B?MM @- $K$O!$ Fs $D$N Ld Bj$, 9M $( $i$l $k!% 0l$D $O!$ $$$+ $K F0:n $N %P%j %(!<%7%g%s$rA}$d $9$+$H$$$& $3$H$G$"$k!%2? $+?7$7$$A‘:n J}K!$r?H$K$D $1$k$K$O!$ $=$l $r<B8=$9$kJ} K!$r?M4V$,M? $($k$+!$%m%\%C%H $,<+J,$G3MF@ $9$k$3$H$K$J $k!%?M4V$,

| Bh 2 >O !’ ?M4V7?%m%\%C%H$K$*$1$kJ*BNA‘:n | 18 %F%#%V $JF0:n$rMQ0U $9$k<jK!$G$b!$ ;X$NF0:n7W2h $H$7$F$O=<J, $G$J$$$7!$>u67 $K1~$8$? F0:n $J$I$r9T$&$3 $H$OFq$7$$!%$=$N >l$=$N>l$N>u 67$K1~$8$?=@ Fp$JF0:n$r9T $&$?$a$KM- 8z$J!$%;%s%5>pJs$K4p$E$/%j%"%/%F%#%V$JF0:n@)8f$,8&5f$5$l$F$$$k!% %j %" %/%F%# %V $JJ} K! $K $O!$%; %s %5$, =E MW$G $" $k!%B? ;X %O %s%I $K $h$k J* BNA‘ :n $GMQ $$ $i$l$F $$$k%;%s%5$K$O!$ 6 <4NO3P%;%s%5 $d?(3P%;%s%5!$$=$7$F!$@\ ?(LL$NJQ7A$r7WB,$9 $k%;%s %5$J$I$,$"$k!% 6 <4NO3P%;%s%5$r;X @h$KAuCe$9$l$P!$>/$J$/ $H$b;X@hGD;}$K4X$7 $F$O!$ GD;}NO!$GD;}0L CVEy$NGD;}$K 4X$9$kI,MW$J >pJs$rA4$F3M F@$9$k$3$H$, $G$-$k!%%j %"%/ %F%#%V$JF0:n$O!$ %;%s%5$N@- G=$K1F6A$r<u $1$d$9$/!$:#8e!$ $5$i$K%;%s%5 @-G=$N8~ >e$,5a$a$i$l$F$$$/$G$"$m$&$H9M$($i$l$k!%

| Bh 2 >O !’ ?M4V7?%m%\%C%H$K$*$1$kJ*BNA‘:n | 17 Nc $( $P!$B? ?t $N<+ M3 EY$r $= $l$> $l $I$N $h $&$K F0 $+$; $P!$ 4uK> $N F0:n $, $G$- $k $+$H $$ $&Ld Bj$G$"$k!%2r@O E*$K7W;;$7$F!$ D>@\!$4X@a<+M3 EY6u4V$K$*$$ $FF0:n$r7W2h $9$k$3$H $O!$7W ;;NLE*$K:$ Fq$G$"$k>l9g $,B?$$!%$=$N$? $a!$FCDj$N%W %j%_%F%#%V$JF0 :n$K9J$C$F 5DO@ $7$?$j!$$=$l$i $rAH$_9g$o$; $k$3$H$K$h$j =jK>$NF0:n$r 9T$*$&$H$$$& %"%W%m!<%A$J $I [24] !$MM!9$J2r7hJ}K!$,LO:w$5$l$F$$$k!% $3 $N $h$& $K B?<+ M3 EY$r 4o MQ$K ;H $&F0 :n $N8& 5f $O!$:# 8e $b=E MW $J2] Bj $G$" $j!$ ?M4V $N <j$NF0$-$K3X$V$3$H$,0l$D$N2r7hJ}K!$H$J$k$H9M$($i$l$k!% %Q%o!<%0%i%9%W @\ ?( ItJ, $r 3HBg $7 $?GD ;} $K4X $9 $k8& 5f $b9T $o $l$F $$ $k!%<j @h!& ;X@h $@ $1$r @\ ?($5 $; $F J* BN $r A‘ :n $9 $k $N $G $O $J $/!$ ES Cf %j %s %/ $d >8 $b J* BN $K @\ ?( $5 $; $k GD ;} [25] $, Ds 0F $5 $l$?!%$3$N$h$&$JGD;}$O!$%Q%o!<%0%i%9%W!$$"$k$$$O!$JqMmGD;}$H8F$P$l$k!% $^ $?!$ C1$K @\ ?(E@ $, B?$$ GD ;}$H $$ $&$@ $1 $G$J $/!$ GD;} ;~ $N5! 9= E*$J <+ M3EY $N ITB- $K $h$j!$ @)8f$K$h$i$: 30NO$r%-%c%s%; %k$9$k$h$&$J FbNO$,@8$8!$GD ;}$r3N<B$K$9 $k>l9g$, $"$k!% CfB<$i$O!$$3$& $7$?@-<A$rGD ;}$N%m%P%9%H @-$HDj5A$7!$GD ;}J*BN$r3FJ} 8~$KF0$+ $9$N $KI,MW$J2>A[ ;E;vN($N7W;;K! $r<($7!$:G>.2> A[;E;vN($G%m %P%9%H@-$rI> 2A$9$k$3$H $rDs0F$7$? [26] !% $5 $i $K!$;X $N J"$K $h $k J*BN $N GD0. $H A‘$j $N 1?F0 3X $K 4X$7 $F $b!$9b Ln $i$K $h$C $F@0 M} $5$l$F$$$k [27] !% %0%i%9%W%l%9!&%^%K%T%e%l!<%7%g%s ?M 4V $,Bg $- $$J* $d =E$$ J* $rA‘ :n $9$k >l 9g$K $O!$ $7$C$+ $j $HDO $s $G;} $A >e$2 $F A‘:n $9 $k$N $G$O$J$/!$2!$7 3j$Y$i$;$?$j E>$,$7$?$j$7 $F1?$s$G$$$k!% Nc$($P%,%9%\ %s%Y$J$I$r 0\F0 $9$k>l9g!$;}$A >e$2$k$3$H$O $G$-$J$/$F$b!$ 79$1$F2sE>$5 $;$J$,$i0\F0 $5$;$k$3$H $,$G $-$k!%$3$N$h$& $JA‘:nJ}K! $O!$$7$C$+$j;}$A >e$2$FA‘:n$9 $k>l9g$HHf3S $7$F!$<B9T ;~4V!&%(%M%k%.!<$N4QE@$+$iM-Mx$G$"$k!% $3 $&$7$? A‘:n J}K!$N 8&5f $H$7$F $O!$>2LL >e$K CV$$$F $"$kJ* BN$r 2!$9F0 :n [28] $d!$ E> $, $9 F0 :n [29] $J $I $, 9T $o $l $F $- $?!% Aj ;3 $i $O $3 $& $7 $? A‘ :n J} K! $r %0 %i %9 %W %l %9!& %^ %K %T%e %l!<%7%g%s$H 8F$S!$Fs K\$N;X$r MQ$$$? %T%\%C%HA‘ :n$K$h $kJ*BN A‘:n$r9T $$ [30] !$$5 $i$K8&5f$r?J$a$F$$$k!% %j%"%/%F%#%V$JF0:n %; %s %5%Y!< %9 %H $J%" %W %m!<%A $K $h $k8& 5f $b9T $o $l $F$$ $k!% <+M3 EY $, B?$/ $J $j!$@\ ?( ItJ, $,B?$/$J$k$H!$ J*BN$N1?F0$N M=B,$,6K$a$F Fq$7$/$J$j!$%b %G%k%Y!<%9%H$J 2r@OE*%" %W%m!< %A$K$h$kF0:n 7W2h$G$O8B3& $,8+$($F$$$k!% 4oMQ$JA‘:n $N 9‘$G=R$Y$?$h $&$J%W%j%_

| Bh 2 >O !’ ?M4V7?%m%\%C%H$K$*$1$kJ*BNA‘:n | 16 2.1 $3$l$^$G$N%m%\%C%H$K$h$kJ*BNA‘:n 2.1.1 ;:6HMQ%m%\%C%H$K$h$kJ*BNA‘:n %m %\%C %H $K $h $k J* BN A‘ :n $O!$ :G =i $O $$ $o $f $k ;: 6H MQ $N %^ %K %T%e %l!< %? $K $h $k $b $N $G!$@h C<$K<h$jIU $1$?%0%j%C%Q$J $I$N%(%s%I%( %U%’%/%?$rMx MQ$7$F$$$?!%$= $3$G$O!$A‘ :nBP >]$N=ENL!&Bg $-$5!&7A>u!&I=LL $NK‘;$$J$I$N >pJs$r$"$i $+$8$aCN$C$F$$ $k?M4V$,!$ $=$l$rA‘:n$G$-$k$h$&$K%W%m%0%i%‘$7$F$$$?!% $= $N 8e$N ?J Jb$K $h $j!$ %H%k %/ %;%s %5 $d!$%+ %a %i$H 2h A| =hM} 5; =Q!$;Q @* %;%s %5 $J$I $N %;%s %7%s%05;=Q$, H/C#$7!$MM!9$J A‘:nBP>]$b07 $($k$h$&$K$J$C $F$-$F$$$k$,!$ 0MA3$H$7 $F<B :]$KJ*BN$K@\ ?($9$k$N$O%( %s%I%(%U%’%/%? $@$1$G$"$k>l 9g$,$[$H$s$I $G$"$k!%%^%K %T%e%l!< %?@hC<$N$_$G J*BN$rA‘:n $9$k$?$a!$07$& $3$H$N$G$-$k =ENL$KHf$7$F %"!<%‘It$N =ENL $,Hs>o$KBg$- $/$J$C$F$$$k!% %"!<%‘It$N=ENL $,Bg$-$$$N$O!$ @=B$6H$J$I$N 8=>l$GMx MQ$5$l$k$?$a!$:n6H$K@:L)$5$,5a$a$i$l$k$?$a$G$b$"$k!% $7 $+ $7!$=E NL $O$" $k $, MW5a $5 $l$k %9 %Z%C%/ $r K~$? $9 :G Dc8B $N =ENL $G $"$j!$ @= B$8= >l $K$* $$$F$O$d$‘ $rF@$J$$$H;W $o$l$k!%$3$&$7 $?E@$O!$>.7? 9b=PNO$N%"%/ %A%e%(!<%?$d!$ 7ZNL9b9d@-9=B$It:‘$J$I$N3+H/$K$h$C$F!$>/$7$:$D2r7h$5$l$F$f$/$H9M$($i$l$k!% 2.1.2 B?;X%O%s%I$N8&5f ?M 4V $, J* BN $r A‘ :n $9 $k ;~ $O!$ A0 2.1.1 @a $K =R $Y $? ;: 6H MQ %m %\%C %H $h $& $J!$ ;X @h $@ $1 $K$h $kA‘:n$O$"$^ $j8+$i$l$J$$!% ;X@h$@$1$K$h $kA‘:n$r9T$& $N$O!$Hf3SE*:Y $+$$:n6H$d @53N $J:n6H$r9T$$ $?$$;~$K8+$i $l$k!%$3$l$O$^ $5$K;:6HMQ%m %\%C%H$K5a$a$i $l$F$$$kE@ $G$"$k!% ?M 4V $N<j $r MxMQ $9 $kJ* BN A‘:n $KAj Ev $9$k $b $N$K!$ B? ;X%O %s %I$K $h $kGD ;} $J$I $NJ* BN A‘:n $,$"$k!%B?;X%O %s%I$K$h$kJ* BNA‘:n$O!$?M4V $N<j$K$h$kJ* BNA‘:n$H;w$F!$ $=$l$[$I 9b$$ @53N@-$OH/4x $G$-$J$$>l9g $,B?$$$,!$B?:L $J<+M3EY$r;H$C $F=@Fp$GB?MM $JJ*BNA‘:n $N2DG=@-$r;}$C$F$$$k!% B? ;X %O%s %I $K$h $k GD;} $N 8&5f $O!$$+ $D $F$O 0B DjGD ;} $dGD ;} NOG[ J, $N$h $& $J;X @h$K $h $kC1 $J$kGD;}$N8& 5f$,<g$G$"$C$?!% $7$+$76aG/$K $*$$$F$O!$B?;X %O%s%I$N5!9= $r@8$+$7 $?!$ $h$jJ#;( $G4oMQ $JGD;}!&A‘ $j$N8&5f $K=EE@ $,0\$C$F$$ $k [23] !%0J2<$G $O!$B?;X %O%s %I$N8&5f$NFCD’$H8=:_$N8&5f$N>u67$r354Q$9$k!% 4oMQ$JA‘:n B? ;X %O%s %I $OB? $/ $N4X @a <+M3 EY$, $" $k$? $a 4oMQ $J A‘$j $, $G$-!$ J* BN$N ;} $ABX $($J $I MM!9 $J >l 9g $K =@ Fp $J A‘ :n $, $G $- $k 9= B$ $r ;}$C $F $$ $k!% 4o MQ $J A‘ $j $, $G $- $J $/ $F $O!$ B? ;X!&B?4X@a$N0UL#$,$J$$!%$7$+$7!$4oMQ$JA‘$j$r<B8=$9$k$K$O<o!9$NLdBj$,$"$k!%

Bh 2 >O ?M4V7?%m%\%C%H$K$*$1$kJ*BNA‘:n

| Bh 1 >O !’ =xO@ | 14 $F $NBN Fb LAN $N<B AuJ} K!$H $=$N $? $a$N %*%s %\%G%# %W%m %;%C%5 %b %8%e!<%k $N3+ H/!$$= $7 $FEk :\$9$k%;%s %5!&%"%/%A%e%(!<%? $H%V%l%$%s$r 7k$V$?$a$N %*%s%\%G%#%W%m %;%C%5$N%= %U%H%&%’%"3+H/$H!$%\%G%#$NItJ,$N@_7W$H3+H/$K$D$$$F=R$Y$k!% Bh 6 >O !VH? <M 7? <+ N’ %b %8%e!< %k $r AH $_ 9g $o $; $? J* BN A‘ :n 9T F0 $N <B 8=!W $G $O!$ 3+ H/ $7 $??M 4V7?%m%\%C%H%7 %9%F%‘$rMxMQ $7$?!$<B5!$K$h $kA4?H$rMxMQ $7$?J*BNA‘:n 9TF0$N<B8= $H!$Bh 3 >O$GDs0F$7$?%7%9%F%‘$NM-8z@-$N<B83E*$J8!>Z$K$D$$$F=R$Y$k!% Bh 7 >O !V7k O@ $H :# 8e $N 2] Bj!& E8 K>!W $G $O!$ K\ 8& 5f $N 7k O@ $r =R $Y!$ :# 8e $N 2] Bj!& E8 K> $r=R$Y$k!%

| Bh 1 >O !’ =xO@ | 13 1.2 K\8&5f$NL\E* 0J >e $N GX 7J $H 1.1.4 @a $K $* $1 $k 5D O@ $r 9M N8 $7!$ K\ @a $G $O K\ 8& 5f $G Cf ?4 $K ?x $( $k 2] Bj $K$D$$$F=R$Y$k!% 0\ F0 $H J* BN A‘ :n $O!$ <B MQ $N $? $a $N %m %\%C %H $K 5a $a $i $l $k :G $b 4p K\ E* $J F0 :n $G $" $k [23] !% $J $<$J $i!$ <BMQ $N $?$a $N %m%\%C %H $O?M 4V $NBe $o $j$K :n 6H$r 9T $&$3 $H $r4| BT $5$l $F $*$j!$ $=$N:n6H$NB? $/$O0\F0$H J*BNA‘:n$+$i @.$jN)$C$F$$$k $+$i$G$"$k!%?M 4V7?%m%\%C %H $N 8& 5f $K CV $$ $F $O!$ Fs B- Jb 9T $K $h $k 0\ F0 G= NO $N 2D G= @- $, 3+ $1 $F $- $F!$ :# 8e $O $3 $l $^ $G0J >e$K ?M4V7?%m %\%C%H$K$h$kJ* BNA‘:n $N8&5f $,5a$a$i$l$k!% $=$3$G$O!$A‘:n BP>]$N7A >u!&=E NL!&9E$5!&I=LL$N K‘;$$J$I$N @53N$J>pJs$, $o$+$i$J$/$F $b!$J*BN$rA‘:n $G$-$k$3 $H$rL\;X$7$?OHAH$,5a$a$i$l$k!% $^ $?!$ =E NL J* $r 0\ F0 $5 $; $k $? $a $N 8z N( $N NI $$ A4 ?H $N Mx MQ K!!$ 8z N( $N NI $$ A‘ :n J} K! $r!$>u 67$K1~$8$FA* Br$G$-$kOHAH $,5a$a$i$l!$$5 $i$K$O8zN($N NI$$J}K!$NC5 :w$r9T$&$? $a$N3X=,<jK!$J$I$N8&5f$b=EMW$K$J$k!% K\ 8& 5f$G $O $3$N J* BN A‘:n $K CeL\ $7!$ ?M4V 7? %m%\%C %H $, A4?H $r ;H$C$F $I $N$h $& $KJ* BN A‘:n $r9T$&$Y$-$+!$ $^$?$=$N$?$a$N %7%9%F%‘9=@. $O$I$&$9$k$Y $-$+$J$I$rCf ?4$K5DO@$r ?J$a!$ A4?H$GJ*BNA‘ :n$r9T$&$3$H $N$G$-$k%7%9 %F%‘$rDs0F$7!$ <B83$K4p$E$$ $F$=$NM-8z @-$r<($9!% 1.3 K\O@J8$N9=@. Bh 1 >O !V=x O@!W $G $O!$ ?M 4V 7? %m %\%C %H $K $h $k A4 ?H $r Mx MQ $9 $k J* BN A‘ :n $N 8& 5f $, =E MW $G$"$k$H$$$&K\8&5f$NGX7J$HL\E*$r=R$Y!$K\O@J8$N9=@.$r@bL@$9$k!% Bh 2 >O !V?M 4V 7? %m %\%C %H $K $* $1 $k J* BN A‘ :n!W $G $O!$ $^ $: $3 $l $^ $G $N ?M 4V 7? %m %\%C %H 0J30 $N%m%\%C%H$K$h $kJ*BNA‘:n$N 8&5f$r354Q$7 2]Bj$r=R$Y$k!% $=$l$i$rF’$^ $($F!$?M4V 7?%m %\%C%H$K$h$kA4 ?H$rMxMQ$9$k J*BNA‘:n$NFC D’$H2]Bj$r5s $2!$$=$N2r7hJ} K!$r5DO@$9 $k!% Bh 3 >O !V%m %\%C %H %7 %9 %F %‘ $N 9= @. K!!W $G $O!$ J* BN A‘ :n $N $? $a $N <B :] E* $J %7 %9 %F %‘ 9= @.K! $r9M;!$9$k!%?M 4V7?%m%\%C%H %7%9%F%‘$K4X $7$F$3$l$^$G $N8&5f!&2]Bj$r 35@b$7!$:# 8e$N ?M4V7?%m%\%C%H %7%9%F%‘$N:_ $jJ}$NJ}8~@- $r5DO@$7!$A4?H $GJ*BNA‘:n$r 9T$&$?$a$N ?M4V7?%m%\%C%H%7%9%F%‘$rDs0F$9$k!% Bh 4 >O !V<+ N’ 5! G= $r C4 $& 7O $r 2< 0L AX $K ;} $D G> %7 %9 %F %‘ $N 3+ H/!W $G $O!$ Bh 3 >O $G Ds 0F $7 $? ?M 4V 7? %m %\%C %H %7 %9 %F %‘ $N!$ <g $K %m %\%C %H $N %V %l %$ %s $K $" $? $k %= %U %H %&%’ %" $G $" $k!$<+N’7O$rHw$($kG>$NItJ,$N@_7W$H<BAu$K$D$$$F=R$Y$k!% Bh 5 >O !VBN Fb LAN $r ;} $D ?M 4V 7? %m %\%C %H $N 3+ H/!W $G $O!$ Bh 3 >O $G Ds 0F $7 $? ?M 4V 7? %m%\%C %H%7%9%F%‘ $N!$<g$K%m%\%C%H $N%\%G%#$N@_7W $H3+H/$K$D $$$F=R$Y$k!%?@ 7P7O$H$7

| Bh 1 >O !’ =xO@ | 12 %m%\%C %H<+?H$N4v 2?E*!&NO3XE*%b %G%k$rCN$C$?>e $G$=$l$rMx MQ$9$k!$2r@OE* $J%"%W%m!< %A$d %b%G%k%Y!<%9%H $J%"%W%m!<%A$K $h$kA4?H9TF0 $G$"$j!$Fp$i$+ $$COLL$N>e$G $NF0:n$d =ENL J*$N1?HB$J$I $N!$L$CN$N303& $H$N%$%s%?%i %/%7%g%s$r;}$D $h$&$JA4?HF0 :n$K4X$7$F $O!$:# 8e$N8&5f$,4| BT$5$l$k!%$3 $&$7$?A4?HF0 :n$r<B8=$9$k $K$O!$%;%s%5>p Js$r%Y!<%9 $K$7$?E,1~E*%"%W%m!<%A$,=EMW$K$J$C$F$/$k$G$"$m$&$H9M$($i$l$k!% $^ $?!$ :#8e 5; =Q$N H/ E8$H 6& $K<+ M3 EY$, A} $(!$B? $/ $N4X @a $r6( D4 $7$F @) 8f$7 $J $1$l $P $J$i $J$/$J$k$3$H $bM=A[$G$-!$2r @OE*%"%W%m!<%A $,GKC>$r$-$? $9$3$H$b$"$j F@$k$G$"$m $&!%3X =,$J$I$N<+8J AH?%E*$J%"%W %m!<%A$bM-K>$J <jCJ$H$J$k$G $"$m$&$,!$$=$N >l9gL\E* $K1~$8$FKDBg$JC5:w6u4V$r69$a$k$J$I$N9)IW$,I,MW$G$"$m$&!% J*BNA‘:n $3 $l $^$G!$ A4 ?H$r ;} $D ?M4V 7? %m%\%C %H $K$* $$ $F9T $o $l $F$- $? J*BN A‘ :n$K $O!$ J*BN $r ;}$C$F=ENL%P%i%s%9$,JQ2=$7!$J*BN$N=ENL$r9MN8$7$J $1$l$P$J$i$J$$Nc$OL5$+$C$? () !% <B:] $N:n6H$K$*$$ $F$O!$B?$/$N>l9g $,?M4V$NBe$o $j$K9T$&Hf3S E*=ENL$N$"$k J*BN$rA‘:n $9$k$3$H$K$J$j!$J*BN$N=ENL$r9MN8$7$?J*BNA‘:n$N8&5f$,5a$a$i$l$k!% $= $N $? $a$K $O!$ J*BN $N 7A >u$N G’ <1!$ =ENL $N M= B,!$I= LL $N K‘;$ $N M=B,!$ A‘ :n $N7W 2h!$ %; %s %5 $r Mx MQ $7 $? E, 1~ E* A‘ :n $H!$ 2] Bj $O B? $$!% J* BN A‘ :n $N 8& 5f $O!$ 1.1.4 0\ F0 5! G= !$ A4 ?H9T F0 $K=R$Y$?0\ F05!G=!&A4?H F0:n$H$$$C$?MW AG$H$bL)@\$K 4X$o$j!$?M4V7? %m%\%C%H$K $*$$$F$^$9$^$9=EMW$K$J$k2]Bj$G$"$k$H9M$($i$l$k!% ?M$H$N%3%_%e%K%1!<%7%g%s ?M 4V 7? %m%\%C %H $KBP $7 $F $O!$0\ F0!& J* BNA‘ :n $K 2C$( $F ?M 4V$H $N %$%s %? %i %/%7%g %s!& %3%_%e %K%1!<%7%g%s$N $?$a$NF0:n$b 5a$a$i$l$F $/$k!%6aG/!$?M $H%m%\%C%H$N%$ %s%?%i%/ %7%g%s $K4X$9$k8& 5f$O@9$s$K$J$C $F$*$j!$Cf$G$b ?M4V7?%m%\%C %H$K$h$k$b$N $OB?$$!%$^ $?!$%" %_%e!<%:%a%s%H 1~MQ$K$*$$$F $O!$EvA3I,MW$H $J$kG=NO$G!$ $=$NJ,Ln$G$b 8&5f$,?J $‘$3$H$b9M$($i$l$k!%

| Bh 1 >O !’ =xO@ | 11 %H$r @=:n$G$-$k $h$&$K$J$C$F$/ $l$P!$4a6q%a!<%+ $J$I$N4k6H $,!$>.7?$N?M4V 7?%m%\%C%H $r4a6q$H$7$F@=B$$9$k$h$&$K$J$k$H$$$&2DG=@-$bBg$$$K9M$($i$l$k!% 1.1.2 $N 0l$D$N8D BN!&@8J* $H$7$F$N B8:_ $K =R$Y$?$h $&$J!$0l 8DBN$H $7$F$NB8 :_$O$^ $@ $^ $@ Ev J, @h $N $3 $H $G $" $m $& $H 9M $( $i $l $k!% 8= :_!$ %O!< %I %&%’ %" E* $K @h C< $K $" $k ?M 4V 7? %m %\%C %H $G $b!$ CN G= LL $G $O ?M 4V $K $O $k $+ $K 5Z $P $J $$!% %= %U %H %&%’ %" $@ $1 $N CN G= $G 8+ $F $b!$?M 9)CNG=$O;DG0 $J$,$iNL$G>!Ii $K$J$k@$3&$G $7$+?M4V$r>e 2s$k$3$H$,$G $-$F$$$J$$ [18] !% 0J 2< $N3F @a $G$O!$ $3 $& $7$? GX 7J$N 2<!$ $3$l $+ $i$N ?M 4V 7?%m %\%C %H$N 8& 5f$N %] %$%s %H $H$J$C$F$$$/$G$"$m$&2]Bj$r5DO@$9$k!% 0BA4@- %m %\%C %H $H?M 4V $N 3h F0HO 0O $, %*!< %P!<%i%C %W $7 $F$/ $k $K $7 $?$,$C $F!$ %m %\%C %H$N 0B A4@- $,$^$9$^$9Ld Bj$H$J$k!%$3$l $^$G%m%\%C%H$N 0BA4@-$N3NJ] $K4X$9$k8&5f $O;:6HMQ$r Cf?4 $K?tB?$/9T $o$l$F$*$j!$:n 6H6u4V$NJ, N%!$%U%’!<%k%;!<%U @_7W!$6[5^Dd;_ %\%?%s$N :NMQ $J$I$,9T$o$l $F$-$?!%$7$+$7!$ $3$l$+$i$O%m %\%C%H<+BN$,?M 4V$r<i$k$h$& $J;EAH$_ $,IT 2D7g$G$"$k!% $3$l$O?M4V7? %m%\%C%H$K8B$C$? $3$H$G$O$J $$$,!$FC$K?M4V 7?%m%\%C%H $O ?M4V$H 6&B8$9$k %m%\%C%H $H$7$F 0LCV$E $1$i$l $k2DG=@- $,9b$$ $3$H$+ $i (1.1.1 $N ?M4V?F OB@- ) !$$3$l$+$i$N?M4V7?%m%\%C%H$N8&5f$K$*$$$F=EMW$J2]Bj$G$"$k$H9M$($i$l$k!% ?M 4V $H%m %\%C %H$N 3h F0HO 0O $,=E $J $k>l 9g $N0B A4 BP:v $O!$ >WFM ;~ $N6[ 5^ Dd;_ $d @Q6K E* $J@) 8f$K$h$k%7%g%C%/ 7Z8:$J$I$N F0:n@)8f$K2C $($F!$<uF0E*%$ %s%T!<%@%s%9@) 8f$H0BA4 %+ %P!<$rJ;MQ $9$k<jK! $bDs0F $5$l$F$$ $k [19] !% $3$l$+ $i$N?M4V 7?%m%\%C%H $K$O!$$3 $&$7 $?<j K!$NF3F~$r9M $($k$3$H$, =EMW$G$"$k!%$5 $i$K$O!$2;@<$K $h$k$H$C$5$N8F $S$+$1$d!$ >WFM$rM=B,$7$F2sHr$9$k$J$I!$?7$?$J0BA4BP:v$N<jK!$N8&5f$b5a$a$i$l$k!% 0\F05!G= Fs B- Jb9T $O $+ $J$j %9 %‘!<%: $K $J$C $F$- $? $,!$IT @0 CO $NJb 9T!$ =ENL $r 9M N8$7 $J $1$l $P $J$i $J$$J*BN$r;}$C $F$NJb9T!$$5$i $KJb9TB.EY$r B.$a$FAv9T$J $I!$$^$@$^$@2] Bj$OB?$/ $"$k!% $^$?!$E>E]$7$J $$$3$H$rA0Ds $H$7$?Jb9T$@ $1$G$J$/!$E>E] ;~$K5/$->e$, $k5!G=$N 8&5f [20] [21] $J$I$b!$=EMW$G$"$k$H9M$($i$l$k!% $^ $?!$ :#8e $O 0\F0 $H $$ $&C1 5! G=$G $O $J$/!$ =E NLJ* $r 1? HB$9 $k $?$a $N 0\F0 $J $I$H $$$C $?!$B>$NF0:n$H$I$N$h$&$K6(D4$5$;$F0\F0$r9T$&$+$H$$$C$?8&5f$b5a$a$i$l$F$/$k!% A4?H9TF0 ?M 4V 7?%m %\%C %H $NL% NO $N0l $D $O A4?H $r 6(D4 $5 $; $?!$%P %j %(!<%7%g %s K- $+$J F0 :n$G $" $k!% ?M4V 7?%m %\%C%H $NA4 ?H6( D4$r %F!<%^ $K$7 $?8& 5fNc $O [9] $d [22] $, $"$k $,!$$$ $:$l $b

| Bh 1 >O !’ =xO@ | 10 D9Ls 150[cm] !$BN=ELs 60[kg] $NA4?H7?%R%e!<%^%N%$%I$r7W2hCf$G$"$k [11] !% 1996 G/ Kv $K $O!$ K\ ED 5; =Q 8& 5f =j ( 0J 2< %[ %s %@ ) $, 3+ H/ $7 $? %R%e!< %^ %N %$ %I \P2" $, 8x3+ $5$l!$$3$l$^$G $K$J$$0BDj$7 $??M4V$i$7$$ Jb9T$r8+$;$?!% FsB-Jb9T$K4X $7$F$O!$$3 $l $^ $G$K MM!9 $J8& 5f $,9T $o$l $F $-$? $, [12] !$ P2 $[$I <B MQ$K 6a $$$b $N $O<B 8= $5$l $F $*$i $:!$ FsB- Jb9T $N <BMQ 2=$N 2DG= @-$r $"$d $7 $‘0U 8+$b L5$$ $H$O 8@ $($J $$>u 67$@$C $?!% P2 $O $3$& $7$?>u67$r8+ ;v$KBGGK$7!$8X D%$r62$l$:$K 8@$($P!$%m%\%C%H $K$h$kFsB-Jb 9T$N<B:_ >ZL@ $r$7$?$H$b 8@$($k!%%[%s %@$O!$Jb9T!&J}8~ E>49!&3,CJ>: 9_!&Bf<V2!$7!& %^%9%?!<%9 %l!<%V $K$h$k%J%C%H2s $7$J$I$N1GA| $r8x3+$7!$Jb9T $N%a%+%K%:%‘ $N5;=QE*%]%$ %s%H$OH/ I= $7 $? [5, 13] $,!$ 5; =Q E* $J >p Js $O $[ $H $s $I 8x 3+ $7 $F $$ $J $$!% J* BN $r A‘ :n $9 $k F0 :n $O Bf <V2! $7$,$"$k$,!$>\ $7$$%a%+%K%: %‘$O8x3+$5$l $F$$$:!$$^$?!$=E NLJ*1?HB$J$I $N:n6H$d A4?H $r6(D4$5$;$? F0:n$J$I$O!$8x 3+$5$l$F$$$J $$!%$7$+$7!$4k6H $,<BMQ$rL\;X $7$F?M4V 7?%m%\%C%H$r3+H/$7$?;K>e=i$NNc$H$J$j!$:#8e$NF08~$,CmL\$5$l$k!% 1.1.4 $3$l$+$i$NA4?H$r;}$D?M4V7?%m%\%C%H$N8&5f A4 ?H 7? $N ?M 4V 7? %m %\%C %H $N 8& 5f $O!$ %[ %s %@ $N %R%e!< %^ %N %$ %I P2 EP >l 0J 9_!$ <B MQ 2= $X8~ $1$F$NF;$rJb $_;O$a$k$HM= A[$5$l$k!%K\@a $G$O!$A4?H$r;} $D?M4V7?%m%\%C %H$N$3$l $+$i $N8&5f$,$I$N $h$&$JE83+$r$9 $k$+$rM=B,$7!$ :#8e$N8&5f$N %]%$%s%H$H$J $k$G$"$m$& 2]Bj$K$D$$$F5DO@$9$k!% 6a G/ $N9b Np 2=<R 2q $X$N 0\ 9T$d =w@- $N <R2q ?J =P$J $I $N<R 2q E*JQ 2= $K$H $b $J$$!$ 2HDm Fb $J$I $G$NFyBNE*:n 6H$NIiC47Z8: $,:#8e$^$9$^ $9K>$^$l$k!%%m %\%C%H$O$3$&$7 $?<{MW$KBP 1~$9 $k$b$N$H$7$F!$ >-Mh2HDmFb $J$I$G!$2H;v:n 6H$d2p8n!&2p=u $NJd=u$J$I$N!$ FC$KFyBN E*$JLL$G9W8%$7$F$$$/$3$H$,4|BT$5$l$k [14] !% $^ $?!$ %( %s %?!< %F %$ %s %a %s %H!& %" %_%e!< %: %a %s %H $N 1~ MQ $b $* $* $$ $K 9M $( $i $l $k!% Utah Bg $H Sarcos Research Inc. $O!$ L} 05 $d 6u 5$ 05 %" %/ %A%e %(!< %? $r MQ $$ $F!$ ?M 4V $d 62 N5 $N 7A $r $7 $? %m %\%C %H $r @= :n $7 $F $* $j!$ Hs >o $K 3j $i $+ $G 9b B. $J F0 :n $r <B 8= $7 $F $$ $k [15] !% $3$l $i$N %m%\%C %H$O!$ W alt Disney En terprises $K $h$C$F <B:] $K%( %s%?!< %F%$ %s %a%s %HMQ$KLrN) $F$i$l$F$$$k!% %"%_%e!<%:%a%s %H%m%\%C%H$r 4k2h!$@=B$!$HNGd $r$7$F$$ $k 3t <0 2q <R %3 %3 %m $O!$ %" %_%e!< %: %a %s %H MQ ES $N ?M 4V 7? $N %m %\%C %H $b 3+ H/ $7 $F $* $j!$ %" %_%e!<%: %a%s%H%m%\%C%H $N8=>u$r$^ $H$a!$8=:_$NBg $-$J2]Bj$H$7 $F>pJsEAC#$N APJ}8~@- $H!$ %m %\%C %H $H ( %" %_%e!< %: $5 $l $k ) ?M 4V $N 4V $K :t $r @_ $1 $J $1 $l $P $J $i $J $$ E@ $r 5s $2 $F $$ $k [16] !% Sarcos $d %3 %3 %m $N %m %\%C %H $O!$ B- $, 8G Dj $5 $l $F $* $j 0\ F0 G= NO $d %P %i %s %9 $J $I$O9MN8$5$l$F$$$J$$$,!$$$$:$l$O<+N’7?$N$b$N$b3+H/$5$l$k$G$"$m$&$H9M$($i$l$k!% %= %K!<3t <02q<R $N3+ H/$7$F $$$k %Z%C%H%m %\%C%H [17] $b!$8= :_$O ;MB-$N F0J* $N7A$r $7 $F$$ $k$,!$%"%_%e!<%: %a%s%HE*$J 0UL#$r6/$/ ;}$C$F$$$k!%>- Mh$O!$%"%_%e!<%: %a%s%HE* $J0U L#$G$N?M4V 7?%m%\%C%H$KH/ E8$9$k2DG=@- $r;}$C$F$$$k!% :#8e!$0B2A$K?M 4V7?%m%\%C

| Bh 1 >O !’ =xO@ | 9 $j!$MM!9 $J<+A38=>]$, $3$l$^$G$K 2r$-L@$+$5$l $F$-$?!%@8J*$N ?J2=$d@.D9$N ;EAH$_!$$= $7 $F CN G= $N ;E AH $_!& :, 8; $r 2r L@ $7 $? $$ $H $$ $& M_ 5a $O >o $K B8 :_ $7 $? $,!$ 2J 3X $, H/ C# $7 $? 8= :_ $b $J $*Ff $K Jq $^ $l $?It J, $, Hs >o $K Bg$- $$ J, Ln $G $"$k!% 21 @$ 5* $O G>$N @$ 5* $H $b 8@ $o $l!$$= $N;EAH$_$r2r L@$7$h$&$H 8&5f$K<h$jAH $‘8&5f<T$O!$G> 2J3X!&?@7P2J3X!& G’CN?4M} 3X!&?4 M}3X$J$I$N 0e3X!&M}3X7OJ, Ln$+$i!$%m%\%C %H9)3X!&?M9) CNG=$H$$$C$?9) 3X7OJ,Ln $^$GB?4t$K$o$?$C$FB8:_$9$k!% $3 $l $i$N 8& 5f$O!$ $* $= $m$7 $/ J#;( $G!$ 8=:_ $N 5;=Q NO $d M}O@ $r ;}$C$F $7 $F$b E~ DlF1 $8 G=NO $N$b$N$r:n$k $3$H$N$G$-$J$$ $/$i$$AG@2$i $7$/9bEY$J$b $N$r!$2?$H$+:n $j>e$2$?$$ $H$$ $&5$;}$A$G$b $"$j!$F1;~$K!$?M 4V$,<+J,<+?H $rCN$j$?$$$H $$$&6/$$M_5a $G$b$"$k!% ?M4V 7?%m%\%C%H$N8& 5f$r!$@8J*$N;E AH$_$r:F8=$9 $k$3$H$rL\;X $7$F$$$k$HB* $($k8&5f<T $b$$$k$G$"$m$&!% :# $O $^ $@ L4 J* 8l $G $" $k $,!$ :G =* E* $J %m %\%C %H $H $7 $F %m %\%C %H 8& 5f <T $, ?4 $K IA $/ $N $O!$0l$D$N8DBN!&@8J*$H$7$F$N?M4V7?%m%\%C%H$G$"$k$+$bCN$l$J$$!% 1.1.3 $3$l$^$G$NA4?H$r;}$D?M4V7?%m%\%C%H ?M 4V 7?%m %\%C %H$K 4X $9 $k8& 5f $OMM!9 $J $H$3 $m $G9T $o $l $F$$ $k $,!$A4 ?H $r;} $D ?M4V 7? %m%\%C%H$N8&5f$O$^$@$=$l$[$IB?$/$O$J$$!% @$ 3& $G :G =i $K 8& 5f $N $? $a $K :n $i $l $? Fs B- Fs OS $N A4 ?H %? %$ %W $N ?M 4V 7? %m %\%C %H $O!$ 1973 G/ $K:n $i $l $? W ABOT-1[1] $G$" $k!% @EJb 9T $G0l Jb $K 45 IC $+ $+$k $H $$ $&$b $N $@$C $?$,!$F| K\8l$G$N4JC1$JBPOC!$ 2 4c;k$K$h $kBP>]J*$NG’<1$HJ} 8~!&5wN%$NB,Dj!$?(3P$r ;} $D N> <j $G J* BN$N GD 0. $d 0\ F0 $r 9T $& $3$H $b $G $- $?!% $= $l $+ $i 25 G/ $" $^ $j $N 4V $K!$ MM!9 $J?M4V7?%m%\%C%H$,8&5f$5$l$F$-$F$$$k!% $5$i $K2CF#$i$O 1984 G/$K W ABOT-2 $r3+H/$7$? [2] !% W ABOT-2 $O80HW 3Z4o1iAU $rL\ I8$K3+H/$5$l $?!%F|K\8l$G 2qOC$r9T$$!$3Z Ih$rL\$GG’<1 $7!$N><j!&N>B-$G EE;R%*%k %,%s $r1iAU$9$k5! G=$r;}$A!$?M4V $N2N@<$N2;Dx G’<1$r9T$&$3 $H$G!$2N@<$N2; Dx$K9g$o$; $F%*%k%,%s$NH<AU$r$9$k$3$H$b$G$-$?!% Aa 0p ED Bg 3X $G 1992 G/ $K 3+ ;O $5 $l $? %R%e!< %^ %N %$ %I!& %W %m %8%’ %/ %H $G $O!$ ?M 4V 7? %m %\%C %H $K 4X $o $k MM!9 $J 8& 5f $, 9T $o $l $F $* $j!$ A4 ?H 7? $N ?M 4V 7? %m %\%C %H $H $7 $F $O!$ 1997 G/ $K W ABIAN $, 3+ H/ $5 $l $? [8, 6] !% W ABIAN $O!$ 2 B- Jb 9T5! 9= $r %Y!< %9 $K BN 44 $H 2 4c $r M- $9$k F, It $HN> OS $r ;}$A!$ A4 ?H $r6( D4 $7 $? F0:n [9] $J $I $,<B 8= $5 $l$F $$ $k!% J*BN $r ;}$C$? >uBV$G$NJb9T $J$I$b9T$o$l $F$$$k$,!$J*BN $N=ENL$r9MN8 $9$kI,MW$N$J $$DxEY$N=E NL$NJ*BN$r07$C$F$*$j!$L$CNJ*BN$NA‘:n$J$I$r9T$($kOHAH$O;}$C$F$$$J$$!% 1996 G/ $K $O!$ EE ;R 5; =Q Am 9g 8& 5f =j $K $* $$ $F!$ ?M 4V!& %m %\%C %H!& 4D 6- 4V $N Aj 8_ :n MQ $NM} 2r$HLdBjH/7! $N$?$a$N<B83 E*%"%W%m!<%A$N <jCJ$H$7$F!$?M 4V7?%m%\%C%H$N 8&5f$,3+ ;O $5 $l$? [10] !% BNFb LAN $r ;}$A!$ 30 It7W ;; 5!$H $N DL?. @~$H EE 8;@~ $N $_$r 0z $-=P $9!$ ?H

| Bh 1 >O !’ =xO@ | 8 2J3XE*9%4q?4 ?M 4V $=$N $b $N$N ;E AH$_ $r 2rL@ $7!$ $=$l $r ?M4V $N <j$G :n $j$? $$ $H$$ $& 5$;} $A $K!$?M 4V 7? %m %\%C %H $N B8 :_ 0U 5A $r 8+ $$ =P $9 9M $( J} $b $" $k!% $3 $l $K $D $$ $F $O!$ 1.1.2 $G >\ $7 $/ =R $Y $k!% ?M4V$N@83h$N>l$K$*$1$k%m%\%C%H ?M 4V $N9T$C $F $$ $kMM!9 $J :n6H $N Be 9T<T $H $7$F %m %\%C %H$r 0L CVIU $1 $k ;~!$8= :_ 9)>l $J $I $G ?M 4V $H 6u 4V E* $K J, N% $5 $l $? >l =j $G 3h F0 $7 $F $$ $k %m %\%C %H $b!$ ?M 4V $H F1 $8 6u 4V $G 3h F0$9 $kI,MW$,=P$F $/$k$G$"$m $&$H9M$($i$l $k!%?M4V$N@83h $9$k6u4V$K$O!$ F;6q!&2H6q!& 3,CJ $J$I!$?M4V$K9g $o$;$?:n$j$K $J$C$F$$$k$b$N $,Hs>o$KB?$$!% $=$3$G9TF0$9 $k$h$&$K $J$C$F!$ ?M4VMQ$K:n$i $l$F$$$kF;6q $r07$$!$?M4VMQ $K:n$i$l$F$$ $k6u4V$r0\F0 $9$k$?$a $K$O!$%m%\%C%H$O?M4V$N7A$r$7$F$$$?J}$,M-Mx$JLL$,Hs>o$KB?$$!% 1.1.2 ?M4V7?%m%\%C%H$NM}A[A| %m %\%C %H $H$$ $& C18l $, %A%c %Z%C%/ $N 5: 6J \R.U.R."[7] $G =i $a$F 8l $i $l$F 0J Mh!$ $3$l $^ $G B? $/ $N ?M!9 $N 4V $G!$ ?M 4V $H F1 $8 8+ $+ $1 $r ;}$C $? ?M B$ J* $H $7 $F A[ A| $r $U $/ $i $^ $; $k B8:_ $@$C$?!%$+$i$/$j ?M7A$N;~Be$+ $i!$?M4V$N<j$G ?M4V$HF1$8$b $N$r:n$j$?$$ $H$$$&4j K>$r ;}$D?M!9$O>o $KB8:_$7$?!%%m %\%C%H$O!$;:6H MQ%^%K%T%e%l!< %?$H$$$&7A$G <BMQE*$J @$3& $G1~MQ$5$l$k $h$&$K$J$C$F5W $7$$$,!$%m%\%C%H 8&5f<T$N?4$N Cf$K$O$$$D$b ?M4V7?%m %\%C%H $r<B8=$7$? $$$H$$$&5$;} $A$,$"$C$?!%?M!9$, %m%\%C%H$H$$ $&C18l$G;W$$ Ib$+$Y$k $N$O!$%^%K%T%e%l!<%?$G$O$J$/?M4V7?%m%\%C%H$G$O$J$$$@$m$&$+!% ?M 4V 7?%m %\%C %H $NM} A[ A|$O $I $N $h$& $J $b$N $@ $m $&$+!% ?M 4V7? %m %\%C %H$N MW!& ITMW $O $H$b$+ $/$H$7$F!$?M$N5a$a$kM}A[ E*$J;Q$O<!$N 2 <oN‘$KJ,$1$i$l$k $N$G$O$J$$$+$H9M$( $?!% ?M4V$NMxJX$r$O$+$kB8:_ $3 $l $^$G <B MQ2= $5 $l$F $- $?%m %\%C %H$N 1d D9@~ >e $K?M 4V 7?%m %\%C %H$r 0L CVIU $1 $k$b $N $G$" $k!%$D$^$j!$9) >l$GAH$_N)$F :n6H$dEIAu!& MO@\$J$I$r 9T$C$F$$$?%^%K %T%e%l!<%?$N ?J2= $7$?7A$H$7$F!$ ?M4V7?%m%\%C%H $r0LCVIU$1$k 9M$(J}$G$"$k!% 9)3XE*N)>l$+ $i9M$($k $H!$$3$l$,?M4V7?%m%\%C%H$N8&5f$NJ}8~$G$"$m$&$H9M$($i$l$k!% 0l$D$N8DBN!&@8J*$H$7$F$NB8:_ ?M 4V $O$$ $D $N;~ Be $bMM!9 $J <+A3 8= >]$K 6= L#$r Jz $-!$$= $N ;EAH $_ $r2r L@ $7$? $$ $H$$ $& M_5a $r;}$AB3$1$F $$$k!%8=Be$^ $G$N2J3X$N?J Jb$O!$$=$&$7$? %b%A%Y!<%7%g%s$, :,Dl$K$"

| Bh 1 >O !’ =xO@ | 7 1.1 ?M4V7?%m%\%C%H Fs B- FsOS $r ;} $D?M 4V 7?%m %\%C %H $O!$MM!9 $J 5;=Q $N E} 9g$5 $l $?7A BV $G $"$j!$ B? $/$N %m %\%C%H 8&5f<T$NL4$G $"$j!$$3$l$^ $G$b$$$/$D$+ $N?M4V7?%m%\%C %H$,8&5f<T$N <j$K$h$C$F :n$i$l$F $-$? [1, 2, 3, 4] !% $7$+$7!$%m%\%C%H$H8F$P$l$k$b$N$N$& $A<BMQ2=$5$l$F$$$k$N $O!$;: 6HMQ$N%^%K %T%e%l!<%?%?%$%W $d4F;kMQ$J$I $N<VNX!&%/%m!< %iMxMQ$N%9%? %$%k$G$" $k!%6a G/!$A4?H7??M 4V7?%m%\%C%H$b!$ ?M4VJB$NB. EY$G$N<+N’ FsB-Jb9T!&3,CJ >:9_!$%O%s %I $r ;H$C $F $N 4J C1 $J :n 6H!$ ;M ;h $r F0 $+ $7 $? %@ %s %9 $J $I!$ MM!9 $J 8& 5f @. 2L $, 8+ $i $l $k [5, 6] !% ?M4V 7?%m%\%C %H$N 8&5f$b $3$l $+$i $O!$<BMQ 2=$X 8~$1$F $N8& 5f$, @9$s$K $J$C$F $/$k $G $"$m$&$H9M$($i$l$k!% K\ @a $G $O!$?M 4V 7?%m %\%C %H $NB8 :_ 0U 5A!&M} A[ A|!$ $=$7 $F A4 ?H$r ;} $D?M 4V 7? %m%\%C %H $N8&5f$K$D$$$F9M;!$7!$:#8e?M4V7?%m%\%C%H$K2?$,5a$a$i$l$k$+$r5DO@$9$k!% 1.1.1 ?M4V7?%m%\%C%H$NB8:_0U5A HFMQ@- ;: 6H MQ%m %\%C %H $NB? $/ $O!$MO @\ MQ!$ AH$_ N) $F:n 6H MQ $J$I $H $$$& $h $& $K!$C1 0l $"$k $$ $O ?t <o N‘ $N :n 6H $N $_ $r 9T $& $3 $H $r A[ Dj $7 $F :n $i $l $F $$ $k!% $3 $l $K BP $7 ?M 4V 7? %m %\%C %H $O!$9T $&$3$H$N$G$- $k:n6H$rL58B $KA[Dj$9$k$3 $H$,$G$-$k!%$3 $&$7$?HFMQ@- $K?M4V7?%m %\%C%H$NB8:_0U5A$,$"$k$H9M$($i$l$k!% ?M4V?FOB@- %m %\%C %H $, ?M 4V $N @8 3h $N >l $G 9T F0 $9 $k >l 9g!$ ?M 4V $, $= $N %m %\%C %H $K BP $7 $F Jz $/ 46 >p $b =E MW $J MW AG $H $J $k!% $3 $l $K 4X $7 $F $O!$ 5U $K %m %\%C %H $O ?M 4V $N 7A $r $7 $F $$ $J $$ J} $, NI $$ $H $$ $& 0U 8+ $b $" $k!% <B :]!$ 1997 G/ $K F| K\ %m %\%C %H 3X 2q ;o $N 3X @8 JT =8 0Q 0w $N 9T$C $? %Q!< %= %J %k %m %\%C %H $K 4X $9 $k %" %s %1!< %H $N 7k 2L (http://robotics.me.es.osak a- u.ac.jp/ � mitsuda/anq/kekk a.h tml) $K $h $k $H!$ !X%m %\%C %H %G %Q!< %H $G %Q!< %= %J %k %m %\%C%H $rGc$&$H$7 $?$i!$$I$N$h$& $J7A>u$N%m%\%C %H$,$h$$$G $9$+!Y$H$$$&<A Ld$KBP$7!$ ?M 4V 7? 20 !s , F0 J* 7? 27 !s , %a %+ %K%C %/ 7? 51 !s $H $$ $& 7k 2L $G $"$C $?!% 2s Ez <T $O 20 Be $, Ls 2/3 !$ 3X @8 $, Ls 2/3 !$ CK @- $, Ls 3/4 $H $J$C $F $* $j!$ A4 BN $r I= $7 $? 7k 2L $H $O 8@ $( $J $$ $,!$$3 $N7k2L$+$i$9 $k$H%Q!<%=%J %k%m%\%C%H$H$7 $F$O?M4V7?%m %\%C%H$OJ,$,0- $$$h$&$G $"$k!% $7$+$7!$%m%\%C%H $KBP$7$F?M4V $N7A$r$7$F$$ $?J}$,?F$7$_ $,;}$F$k$H$$ $&0U8+$b >/$J$+$i$:$"$j!$$=$3$K$bB8:_0U5A$,$"$k$H9M$($i$l$k!%

Bh 1 >O =xO@

L\<! 5 6 H?<M7?<+N’%b%8%e!<%k$rAH$_9g$o$;$?J*BNA‘:n9TF0$N<B8= 78 6.1 <BAu$7$?<+N’5!G=%b%8%e!<%k : : : : : : : : : : : : : : : : : : : : : : : 79 6.1.1 2<H>?H$rMxMQ$7$?%P%i%s%95!G= : : : : : : : : : : : : : : : : : : : 79 6.1.2 OS$NNO$ND4@0 : : : : : : : : : : : : : : : : : : : : : : : : : : : : 81 6.1.3 FCDj$N4X@a3QEY$ND4@0 : : : : : : : : : : : : : : : : : : : : : : : 81 6.2 J*BNA‘:n9TF0 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 82 6.2.1 =ENL!&Bg$-$5$,L$CN$NJ*BN$NE,1~E*;}$A>e$2F0:n : : : : : : : : : 82 6.2.2 ;}$A>e$2$?J*$N=ENL$NJQ2=$KE,@Z$KBP1~$9$k : : : : : : : : : : : 87 6.3 =ENLJ*Jz$(>e$2;~$N%H%k%/$H=E?4Ej1FE@$N50@W : : : : : : : : : : : : : : 91 7 7kO@$H:#8e$N2]Bj!&E8K> 96 7.1 7kO@ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 97 7.2 :#8e$N2]Bj!&E8K> : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 97 <U<- 99 J88% 102 IUO? 107 A H8 Library 108 A.1 3F%i%$%V%i%j$N>\@b : : : : : : : : : : : : : : : : : : : : : : : : : : : : 109 A.1.1 I 2 C DL?.%i%$%V%i%j : : : : : : : : : : : : : : : : : : : : : : : : 109 A.1.2 D4JbF14|<0%7%j%"%kDL?.%i%$%V%i%j : : : : : : : : : : : : : : : : 111 A.1.3 AD JQ49%i%$%V%i%j : : : : : : : : : : : : : : : : : : : : : : : : : 112

L\<! 4 4.2.4 >e0LAX$H$N%$%s%?%U%’!<%9 : : : : : : : : : : : : : : : : : : : : : 39 5 BNFb LAN $r;}$D?M4V7?%m%\%C%H$N3+H/ 41 5.1 ?@7P7O$N<B8=J}K! : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 42 5.1.1 %7%j%"%kDL?.$K$h$k>JG[@~ : : : : : : : : : : : : : : : : : : : : : 42 5.1.2 =@Fp$JDL?.%W%m%H%3%k : : : : : : : : : : : : : : : : : : : : : : : 43 5.1.3 %N!<%I$NBNFbAH$_9~$_ : : : : : : : : : : : : : : : : : : : : : : : 44 5.2 =@Fp$J%W%m%H%3%k$r;}$D%7%j%"%k%P%9 I 2 C : : : : : : : : : : : : : : : : 45 5.2.1 %^%k%A%^%9%? : : : : : : : : : : : : : : : : : : : : : : : : : : : : 45 5.2.2 B?%G%P%$%9@\B32DG= : : : : : : : : : : : : : : : : : : : : : : : : 46 5.2.3 wired-AND connection : : : : : : : : : : : : : : : : : : : : : : 46 5.2.4 %"!<%S%H%l!<%7%g%s : : : : : : : : : : : : : : : : : : : : : : : : 46 5.2.5 %/%m%C%/$ND4@0 : : : : : : : : : : : : : : : : : : : : : : : : : : : 46 5.2.6 I 2 C %P%9%G!<%?%U%)!<%^%C%H : : : : : : : : : : : : : : : : : : : : 46 5.3 BNFbAH$_9~$_MQ%W%m%;%C%5%b%8%e!<%k$N3+H/ : : : : : : : : : : : : : : : 48 5.3.1 %W%m%;%C%5$NA*Dj : : : : : : : : : : : : : : : : : : : : : : : : : : 48 5.3.2 %W%m%;%C%5%b%8%e!<%k$N;n:n : : : : : : : : : : : : : : : : : : : : 48 5.3.3 ;n:n%b%8%e!<%k$N?M4V7?%m%\%C%H$X$NEk:\ : : : : : : : : : : : : : 51 5.3.4 HFMQ%W%m%;%C%5%b%8%e!<%k \H8{01" !$ \H8{02" $N@_7W!&@=:n : : 51 5.4 %*%s%\%G%#%W%m%;%C%5$N%=%U%H%&%’%"3+H/ : : : : : : : : : : : : : : : : 57 5.4.1 %*%s%\%G%#%=%U%H%&%’%"3+H/4D6- : : : : : : : : : : : : : : : : : 57 5.4.2 %i%$%V%i%j$N3+H/ : : : : : : : : : : : : : : : : : : : : : : : : : : 61 5.4.3 I 2 C %P%9$rMxMQ$7$??@7P7O$N<BAu : : : : : : : : : : : : : : : : : 62 5.4.4 %V%l%$%s$H$N%$%s%?%U%’!<%9 : : : : : : : : : : : : : : : : : : : : 64 5.4.5 $=$NB>$N%*%s%\%G%#%=%U%H%&%’%" : : : : : : : : : : : : : : : : : 68 5.5 %7%9%F%‘A4BN?^ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 69 5.6 22 <+M3EY?M4V7?%m%\%C%H \Haru" $N3+H/ : : : : : : : : : : : : : : : : : 70 5.6.1 <+M3EYG[CV : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 70 5.6.2 %"%/%A%e%(!<%? : : : : : : : : : : : : : : : : : : : : : : : : : : : 70 5.6.3 %b!<%?6nF0?.9f$rMxMQ$7$?%H%k%/7WB, : : : : : : : : : : : : : : : 70 5.6.4 $=$NB>$N%;%s%5 : : : : : : : : : : : : : : : : : : : : : : : : : : : 74 5.6.5 3+H/$7$??M4V7?%m%\%C%H \Haru" : : : : : : : : : : : : : : : : : : 75

L\<! 3 1 =xO@ 6 1.1 ?M4V7?%m%\%C%H : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7 1.1.1 ?M4V7?%m%\%C%H$NB8:_0U5A : : : : : : : : : : : : : : : : : : : : : 7 1.1.2 ?M4V7?%m%\%C%H$NM}A[A| : : : : : : : : : : : : : : : : : : : : : : 8 1.1.3 $3$l$^$G$NA4?H$r;}$D?M4V7?%m%\%C%H : : : : : : : : : : : : : : : 9 1.1.4 $3$l$+$i$NA4?H$r;}$D?M4V7?%m%\%C%H$N8&5f : : : : : : : : : : : 10 1.2 K\8&5f$NL\E* : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13 1.3 K\O@J8$N9=@. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13 2 ?M4V7?%m%\%C%H$K$*$1$kJ*BNA‘:n 15 2.1 $3$l$^$G$N%m%\%C%H$K$h$kJ*BNA‘:n : : : : : : : : : : : : : : : : : : : : 16 2.1.1 ;:6HMQ%m%\%C%H$K$h$kJ*BNA‘:n : : : : : : : : : : : : : : : : : : : 16 2.1.2 B?;X%O%s%I$N8&5f : : : : : : : : : : : : : : : : : : : : : : : : : : 16 2.2 ?M4V7?%m%\%C%H$K$h$kJ*BNA‘:n$K$*$1$kFCD9$H2]Bj : : : : : : : : : : : : 19 2.2.1 B?;X%O%s%I$N1dD9@~>e$K0LCV$9$kFCD9$H2]Bj : : : : : : : : : : : 19 2.2.2 ?M4V7?%m%\%C%HFCM-$NFCD9$H2]Bj : : : : : : : : : : : : : : : : : 22 3 ?M4V7?%m%\%C%H%7%9%F%‘$N9=@.K! 24 3.1 %m%\%C%H%7%9%F%‘$N9=@.K!$N8&5f : : : : : : : : : : : : : : : : : : : : : 25 3.1.1 <B@$3&$H$NAj8_:nMQ$K$h$k5!G=$N<B8= : : : : : : : : : : : : : : : 25 3.1.2 3,AXE*%7%9%F%‘9=@. : : : : : : : : : : : : : : : : : : : : : : : : 26 3.1.3 <+8JAH?%2= : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 27 3.2 K\O@J8$GDs0F$9$k%7%9%F%‘9=@.K! : : : : : : : : : : : : : : : : : : : : : 29 3.2.1 4pK\%3%s%;%W%H : : : : : : : : : : : : : : : : : : : : : : : : : : : 29 3.2.2 <+N’E*5!G=$rC4$&7O$r;}$DFsAX9=B$$NG>%7%9%F%‘ : : : : : : : : : 30 3.2.3 <+N’E*5!G=$rC4$&7O$NOHAH : : : : : : : : : : : : : : : : : : : : : 30 3.2.4 ?@7P7O$NI,MW@- : : : : : : : : : : : : : : : : : : : : : : : : : : : 32 4 <+N’7O$r2<0LAX$K;}$DG>%7%9%F%‘$N3+H/ 33 4.1 @_7W : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 34 4.2 %7%9%F%‘$N<BAuJ}K! : : : : : : : : : : : : : : : : : : : : : : : : : : : : 35 4.2.1 %^%k%A%9%l%C%I%W%m%0%i%_%s%0$K$h$kJBNs@- : : : : : : : : : : : 35 4.2.2 Shared Ob ject $N%@%$%J%_%C%/%m!<%I : : : : : : : : : : : : : : : 35 4.2.3 %\%G%#$H$N%$%s%?%U%’!<%9 : : : : : : : : : : : : : : : : : : : : : 38

L\<!

=$;NO@J8 A4?H$GJ*BNA‘:n$r9T$& ?M4V7?%m%\%C%H%7%9%F%‘ 1998 G/ 2 7n 13 F| Ds=P ;XF36541 0pMU2m9, =u65<x El5~Bg3X Bg3X1! 9)3X7O8&5f2J 5!3#>pJs9)3X@l96 66241 ?eFb 0jIW