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SUMMARY

This is the report of FY96 AIST feasibility study of Friendly Network Robotics. Friendly Network 

Robotics aims to create an image of the next generation robotic system which is assumed to be realized by an 

android robot as an ultimate robot and utilizing recent computer network technology.

The reason why this feasibility study focuses on the android is as follows. We aim introducing robots 

into our daily life activities as a new application field of robot other than conventional specific situations at 

such as production lines or hazerdous environment. In order for such applications robots are requested to 

work in our daily environment. Having similar size, shape, and fuction with a human will be effective in that 

case. We aimed to make clear essential technologial components for new application fields which will be 

made possible by introducing android robots.

Following the aim in the feasibility study we organized four WG, i.e., platform, human coexistant 

robotics, network based robotics, and R-cube plan, and conducted concentrated discussion in each WG.

Platform WG has discussed possible specification of the android robot which is a fundamental 

component of this plan. The target specification is a platform, to be used for research and development, 

constructed of head part with two eyes, two ears, and mouth, enabling natural interaction with human, body 

part with two legges for walking around in our ordinary environment, and two arms and behaviour 

intelligence to carry out fundamental tasks. In addition to these fundamental functions, by connecting high 

performanc computer network, it will be possible to control from a remote cock-pit with high fiderity 

tele-existence. Supposed dimentions of the platform are, 170cm height and 70kg weight for the large size 

model, and 135cm and 50kg for the middle size model.

Human coexistant robotices WG discussed key issues for such an android robot to be able to work 

with humans in our daily environment, and pointed out four key technologies; they are safety, commnication, 

execution of non standardized tasks, and adaptation to human environment. Current, target, and future stages 

of these technologies have been analysed.

Network-based robotics WG pointed out as key issues for robotic systems which incorporated network 

technology shared autonomy, communication/protocol, man-machine interface, network mechatronics, 

systematization technology, and discussed current status, problems, goals, and prosable applications.

R-cube plan WG discussed basic issues of personal tele-existanee society based on network environment, and 

proposed four-step approach to realize it as remotely controllable camera, mobile robot, mobile robot with 

manipulator, and then humanoid, and discussed technological components of them.

Based on these consideration, this report proposed a novel project to utilize android robots in our 

common social situations, which should be conducted under new system called 'platform based project' where 

android robots are used as platforms for research and devlopment, and presents overall framework including 

research goals, research topics, project formation, project schedule.
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, Dr. Aibter ff±a Robotics &
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A/y-A^A 30 4, #A^i?% 45 4, #%7-:-y. A LTfimT 11%, #± 2

^dS#3Sri$(£t> A LT j3 V , 6 >9 C hti±a
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INTERNATIONAL ADVANCED ROBOTICS PROGRAMME (IARP)

FUTURE IMPACT OF ROBOTICS RESEARCH

- TECHNOLOGIES AND PRACTICAL UTILIZATION -

EXECUTIVE SUMMARY

(approved at the IARP/JCF (Joint Coordinating Forum) in Karlsruhe/Germany on 5 Oct. 1996)

The International Advanced Robotics Programme (IARP) was initiated by the G7 Heads of State at the 

Versailles Summit in June 1982, with the intent: "To foster international cooperation toward the development 

of advanced robotic systems able to dispense with human exposure to difficult activities in harsh, demanding 

or dangerous conditions or environments ".
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This charge helped formulate within the IARP the technology and application of robotics to improve the 

quality of life in all countries, The present report aims to assess the current status and the future impact of 

Robotics Research Technologies in practical utilizations. Hence, it seeks to define the strategy of IARP for an 

efficient action that will keep with the intent of its creation. The report briefly analyzes and characterizes the 

most relevant aspects of the present situation.

Industrial Robots are considered as a typical representative integrating the state of the art of many front 

running key technologies. At the end of 1995, the world total number of industrial robots mainly installed in 

manufacturing was approximately 700,000 with a yearly growth rate averaging 30%.

The other important application domain, Service and Intervention Robots, has begun to expand Robotics and 

Intelligent Machines beyond the shop-floor applications. This includes the following:

- Materials handling and transportation, construction, sewer inspection and repair,

- field-based applications such as mining, forestry, agriculture, underwater, space,

- public-oriented areas ranging from domestic and professional cleaning, hotel and hospital catering, assistance 

to the disabled and the aging,

- network based remote operations,

- health care, surgical, and medical intervention.

Currently, about 1000 service robots have been put into operation world-wide. This includes scientific and 

commercial products operating in both public and private application.

The R&D efforts that have brought industrial robotics to efficient market driven products have reached a level 

of maturity that paves the way for the necessary future developments in enabling technologies. As a 

consequence, it is reasonable to forecast seminal applications that could open broad market perspectives. 

These results have been made possible and fostered by the very important efforts engaged by Governments, 

public institutions, industrial companies and basic research laboratories throughout the world. Synergism 

among these institutions has been instrumental in moving the field forward. Furthermore, international 

cooperation has been a central development factor with a number of large and ambitious programmes 

(ESPRIT, EUREKA IMS, . . .). World-wide, laboratories which number by the hundreds, from universities, 

corporate centers, and national institutions, are today engaged in Robotics Research and appear in several 

ways as actors in the international arena.

Hence, the very important developments in the Enabling Technologies, with dramatic developments in 

information technologies, have fostered new perspectives in Manufacturing and the very broad domain of 

Service and Intervention robots.
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It is possible to confront today the development of sophisticated machines endowed with operational and 

decisional autonomy, i.e. Intelligent Machines, that will prime human factors enhancement to achieve 

Human-robot co-existence. This offers the opportunity to promote a host of novel robotic machinery for 

applications that will range from better and more efficient working conditions, e g. mining, to the satisfaction 

of very demanding social needs, such as health care, assistance to the impaired and the aging applications, 

and environmental remediation Clearly, those perspectives touch upon very different aspects than robots in the 

production line. Market products which will correspond to user requirements will not only satisfy societal 

needs but will offer avector for economical growth and creation of new jbbs. A good example could be the 

Personal Robots for public users with a mass production market.

A broad host of domains covered by Service and Intervention Robots challenges both Robotics researchers as 

well as social,economic, and political decision makers.

Based on the above, IARP reaffirms its original role and strategy; to foster international cooperation; to 

promote the field of Advanced Robotics, looking beyond today's industrial products; and to focus attention on 

novel application domains in response to needs. IARP will remain a lightly structured body pursuing the role 

of assessment and information source to the participating national officials.

In accordance with this, IARP will assume a pro-active role by:

• promoting themes and domains of special interest for international cooperation through national official 

channels and institutions,

• associating new countries, that are important international or regional actors, with the capacity to benefit 

from the IARP and to be beneficial for the other members.

Thus, within the framework of these two general directions, I ARP will continue to promote and assist new 

endeavours, associating enabling main technological developments into novel, future shaping applications that 

will trigger new products and jobs.
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W# y-</^(D##^os^#7#y 3: ^ y—y Sr##xrm#

e . -7 (D-ftil
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(4) earn# (&#####)

a . ffin

7§&# (#3#, Ml#, ##3#)

-hS, T# t t, 250mmT^: ^ ##"100mm^l #

10~60W^ 77, 

#jgjtl80—350@#

Ml M2 M3, M, ##1 ##2 ##3

Miiz bfr? (kgfm) : 25, 25, 10, 10, 6, 6, 2

(deg/sec) : 100, 100, 180, 180, 180, 180,

b.

: 1. 5kgfm, 60 deg/sec

^"-^(120W^7 7

c. #

6+lg EtiS
: ±5g, TIi tin 300mm

?t± 60~140W^ 7 7, j£j£jfc80~160

mmwiTKm&ommm, ##e#(y^^r/<7^

!&2#, #, M3#

ift# h/1-7 (kgfm) : 2.5~4.5, 9~15, 5~9

#± A i^# (deg/sec) : 75, 75, 280, 280, 280, 220

a/7##: /<>,

b 7 ^7 ^ 7^ —

##, #M##b 

e . IH#:

###, 7^y, -tvf-, /<7T])—#(D|^9#7^< —7

#38a###.

##"k{®#4ft(G-feyf), l###t7if, lu^-fey'>y^"-feyD"
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3.2.3 e###

(i) Mm#

AfllD ^ y M?M30@ a&##(0##g#ATgr##:F^ci^#-&^5 &r#^^7b#K

mmmm#, mT(c, ^-M

a . '&mmwvj ££%&

#^JtLTMmJt^±#<-m"e50-160@^&6. /<yf yy^Mt'#:#)#

l£k%cs£‘&<D i^V'flJ^I^ BflgT^fe 50 If-'f Xfe <f> 20mm~ 0 330mm t ®J£V'0 ± f£ V x €ilf

mmMm#tis<#^iT,-cv\6a^ utf- / x^mma^

/<y ^ 7 y t A#^({S/<y ^ 7 y t#).
L^u\ {sv^Mmjt d#:3-5)e#%c ##%: j:

£ A:## t #^^V>0

< ## t %V\ JrSrgft LT^So /S—;V7 ^ U ^ — S

m^muTv^o [a#6^#im#!iK#L-co:^mi#B^i2

t#XL^ji,5o

#x:6ji,5^6, M#B#Mm#^h^^%&<Z)m5vw^-^-czy^ X7^X^^#(ci@LT

b. /\-^zLy^ K7/X, mrnMm#
Ky^rx##

%i-6.

1981 m#D#ybfBHDrRiyi;-Xj.&m%.
1982 M9B
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1985

0 30, 40, 50mm, j£i£Jt=50, 88, 100, 110, Jtte h )V V 1. 5~7. 8Nm

^/Jxgy rz y z}^ y f, f-r/f ^ n ^ -Y 7°J

^B02Omm, %iglt=80,^#h/l/^0.3Nm 

1988 HD#^U-Xrs^U-Xj^%

iumBK: j: o - Mm - #^^2e.

1991 rnp^y-Xj #8%

<£71*L35 — 1235*L107
#5glt5, 11, 16, 25,33 ^#h/k^3.4"300Nm, @/<yf yy^a.

1992 MMH TCSF-2A'> y -Xj m$£

r CSF-2UH'> U — X j |g|S

1994 ESitSMM^- y h THP • CP-A'> y -X'J mm

6 0 * L 3 5 —D 170*L102
-9"-^^- —M#lt=5, 9, 21,33, 0"176Nm)

1995 fSHF'X V -Xj

• M¥ •

1996 ESSSMiSS^-- y h rnpcp-x y -Xj

O 6 0 m m — □ 1 7 0 m m s M^it=5v10N21v33 
F/F^2.0"l76Nm)

c.

rcsp-2Ai/y-xj

tk#

MM Jfc =50 

#]glt= 10 0 

#]gjt= 16 0

ft-M : 0 5 0 — 0215, : 5 . 4 — 9 5 1 Nm
#)glt : 1/50-1/160

3 X h

82. 7 N m / k g
14 3. INm/kg
15 6. INm/kg

az- — y h (/ —y. s |6§:it##) 

25. 6 N m/ k g 
46. 6 N m /kg 
48. 7 N m /kg

a. ##m@

m&CSF#HD1.3e#:-Clm]_t:i-& oT##aS&>5. gp^n ^^4; > hTM: 

#3gjt=50TM:^^82. 7Nm/kg^l07. 5K/ 
W(igjt=10 0TM:f%14 3. !Nm/kg^l8 6. 0(C 
^]gjt=160l3M:^%156. !Nm/kgdS 2 0 2. 9&"0

37 — y FSiX?i
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#jg#=5 0T#qZ#2 5. 6Nm/kg^3 3. 2(C,
^SJt= 10 0 -Cftro 4 6 . 6 Nm/kg^s 6 0 . 6 £,

#)gjt=16 0'rO:^%4 8. 7Nm/kg^6 3.

e.

2 0 Ow-^e- — & — Sr5£2p £ Lt##+##!

4%

Mif it

(Nm)
as (kg)

h /V ^ (S 5: (Nm/kg)

(C S F - 2 A 

5 0

0 7 0 * L 3 3 . 

32. 5/72.8 

0. 28 

116. 1

=i > /K — %• > V) 

10 0

5 0 8 5 * L 3 7

87.1/204.1 

0. 42 

207. 4

16 0

0 8 5 * L 3 7 

87.1/228.8

0. 42 

207.4

a. mmaam#

SiSit

h/k^ (Nm)
as (kg)

(Nm/kg)

11 20

□ 90*L68 D90*L68

15.6/31.2 19.5/37.7

I. 4 1.6

II. 1 12.2

33

n100*176.5 

44.2/89.7

2. 6 

17. 0

(2) em##

a . EOSSHib 

• ISM - EEM# -

- m*# -<e#>-

—40 —



b. vA^mm

EWS*o E® ho tiI^ES'X?ft"BT®i$BB^i20Stfi:E b 'P

• v a
V A "WSiB i: §T fW! 5 (whole arm#)

Emas$/>8a. $u#&mo

T-AiRaeiswrBT^^-e^AeMi&o

• V A -T+SElMg®)

-t — $ ©SBill@ ao ##ibK <k 5 sSri^tt6D$6t%0

c . A: ©'ftfi,

m^[m#62ga^em@!i-e^?- btcmm.

« /<7 Wl"U

m#, t, ##-#.

a.

-Km## =

• m :'>5t^- #$##.

m###b :

vA^mm : ##ibK j; <9 • em-Mv

-m : mgw&b/i/fma.

e . ixm'SBmm
#mbn # y b «k 0 f !1

-4^yfcsFge)&m'T,

-Y^blc^S. LTh^oT, MMmjS&LT#,

i j" T? & < N #5g#L rcy rr —— 4-##
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?vh V' 5 <t •? , /K £ V' 5 v5^.—

f^'t'^# ;7!IJH't? fc 5 ir ,B^ii <5o.

3. 2. 4 7^ -f 3.JC —^

(l)

1 9 7 3#(D#-^^-^/l/e/sy^, 1 9 7 9#(7)#%%77/k'

#Si/u m#

n 4% y bFi x ~f V 4 A y 7 HE 8ft XT $> 5 £> x i LTIllMt — ^ 4r —

V'5. %#(c7

9'>£#&© *V'A * ta#ftt>o-C#^o A C-^-zK^--^ fi, HffE^f- (D
-^) 7#, @a,

6 3^ y h &#AKX im%^(Z) A Cf-#f— ?dS#m &fl,TTA5,,

(2) i^©g^f

9L H. F§ pnp -ft $ ti X v' 5 m M M A C f- — 4? ■=£• — * 7' l k g <d M M £ f# o fc (D © ft 43109 Sr & t
#(f 6.

0. 2kW 

0. 6Nm 

3000rpm 

0.000017kgm2 

60 X 60 X 125mm 

lkg

bilSo b h ?> A; Z-tUi' S t h if ©lii P zK 7 h LTV'5 ^ 7 =- tl/i'T — M.CO 

Wlttt;jio7t$IJ#^5£cD-7V'Tfe h V , 7 ^ ^ 7"c it <y *{$T'?t&tAo

a y HI, %5#}c#fp L , ;7o% PflTl?± L & ftftfift bf % L^'%#±#
7^ Kn7 KT%, j: ) ^^^(l^^V'i:#xL6^6 L,

h/1/^

SS0EE 

n — 7 —'>7

(3) &*#

-42-



"T##R59,

(4)

T^KnxT KOTf # (7#X2) +# (7#X2) +jg (3
#) +# (3#) =34#6#5„ ±A(DAm#M:70kg6l,^C6^(D?, lT^^a.3: —

#T/oma&#a:L. yff=.:c—f#, ^-—

& LT, 1 7f &&K) lkgmm^RB^^#x.

Romani o,

%^ Kn-r ut#

-o', — d tiTt SiES <D to * b /v ^ £ T fa ±-e % 5 /5> ic & 5 o A

M:, #*d^< m&#t#&LTV^67^7^ hamaoft&O &, ##M^< <K5d^#

d^ Ayi? \y <5 ^tv5^ • E • ^ n y%cDS^ESrSffl-t*iLti, T y F n /f Ffttti:
u-c,

— SStoir^e—^ (Dfi*ttx to^s* J: <9 t) tti* b/v^ ^^EtoT»$>50 LfciSoT, S 
#t-&SBL-Cf3#aibO;%:&Ky ^

y y Fn^ F#, dN'O:?,

/<% U y hM:&5d!, (DgE#!i#rA*{M-e%

L^d^T, #!%.#,
^y-y{R!l^LT#^i-50'r&^(f, 3851%
tyf-, #x.^, %f^#

###-&#. #v\##Sr^jg(=^|#i-5t^v f —yy&±#<f-6(D^#m 
?&>6d!, ^n%Ryh(D#-^M:. -Y±-yy&/F&<8!^'?#52:a:b;h,5(D'e, BFlB^

MCZ,. #K, WgBdx #K@m&^X.Tj30, t(Dy^^^.]:-^<Dm#T^^Txr

mm, #m,

&#^T±mcM4>&-e5;imee5i&ggds&5«,
lb '141, h <5 o

170cm, 70kg(7)yyFi3xf F&MLT, ACf-^t-^+#)g#^6#^^^5[g
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0. 5kW 

300Nm 

60r pm

60 X 60 X 100mm 

lkg

##(:, AC-f-zMt——#%^afk^^LTV\%ACf-

— —^-e?i7fe^S:3:y 3 —diitvSo #aE

T y KP^ K?om^&#x.5 2:. t.

m^oK#T#tc^mn^v^%xL6tbS. "T#-e&w3.

LV'' hmx.Zc,

3 . 2 . 5 WsJlM

OV'Tfcft'L 7t0

B&toto

(1)

a.###%&

4. — &BB

{t$to&S?&olifl3g?tTfBcDii <o x*fo6o -vy^'y^:ilB(-j3(t5 r—£ ©IS

i'M, !J y £ ASmMttS %£tiu USostlti^i^

±'?&%d*\ LTfjx <0 IllCAo-a'5. “&B?&\z.Jt^T, fiffc

Ml5iSi 3s —

( 1 8 0 0)

vy^fxll ( 1 8 6 6 )

y;v* y -^y^'ySBSfflfE; (1 9 5 0)

!)f ( 1 9 7 0)
n. — &SB

ft $ to & HI3S f± T IB © *5 y V&6o —&Mi&lzjfc:£M£tiX\r'±&s -ytrtv-fr
K t ? A©^fflfbSry h f- r^zn^/V^ —SSj &4r —9— MezK—^ y'/l%##©/<

— 44 —



it, r/jx§u6*^j k k b\^, r^yffy7.7!i-j —!7 — K*e&ofc0

# /to

( 1 8 5 9)
^y<y/l%*X$^A#%,( 1 8 9 9)

b . &#T(D5&'$;

Ffciltltft gl, 3 'SS<? b £ ^ioV';U5-#xt;ftfJ,©^;^flJ

iiWtltfc, (£vj#TCD —L, z; r 7? ti: — #; B B to ^ §: # x. 5 r. k
(cy-s. %#mm&#xL5±-e, ^oemeei-m^srTBE^^i-o

m#

• —mm, #:#)

#@mm. ftmtoitv at viZLZ.&^*;u*?0 %> k, -m<o%
®T?j£*l5j£?TSgil^ifcS-t-So **rr:^;Vdr'S'S (Wh/k g) £ (W
h/L) dS&50 t$t$\ g#^#:#to 2 #to#&r 2: 6.
• (mm, ##)

#@mm, &&#^&*A6o

;E&6:h,&&#T'?#m@&#9igL)t<be, 3m®3a&#LT,

• Si$^S

%B^ k fc t gg^e ? t 9 f — tyibZo -eoTtfeir ^Sit^eTB 5SB^

e^L^o do#@&)
V'5%#8:dSM%&fi,'CV'5o

n . I^gif (E V)

mmommMic#, (^—##@^) mo/j'
Sifcllllftii k , II x( 6 StSx /^7Ti/“7 4--7fffi©±Stf E 3.

gmmm/<yTU-&#xL6^m^&So @^gmm^/<yTU-M:x 

&T&E vm&gim&:h,:tftam&/<y'T !) -&^J#i-So

•

#@ : #&

4'$-C<Z)mSl@*im(D/<yT!;(D(36/i,2\ ^#o aL^;y4=%^M4 0Wh/kg@^

—45 —



LTt^Io Sil^S^E (l h)o i^;v¥«fili7 0Wh/kgSa, 
m EV9D—aE#$o/<yTi;- 
ijx ili RtF 2E 1 2 5 k m / h x — SEUI 1 80km
8P^ — 18kg Sr24f@

• V f-^-W *ySB

/hM®?iilT^lx #*@Rx /<y3yi?OiSi:LtJ£<ffil$jix IftEVfflOtlt
m&x Evm^^fmm^L-c

Sii%®^TIE (1 h)o 1 2 OWh/k go
fij) |S@ 6 7 m m J6 £ 4 4 0 m m flt jfc 3 . 5kg
rn^/V^rS'S 1 0 OWh/k g x 3 0 OW/k g x f->f ^ /I'g 1200

• t H) <> A#(t#2^#%

(lOOW/Kg). 7t7gLi@i& (3 0 0g) T@97h^^m(C#
W V o

^±®##&±2:A7t:tiDSrlg3.2.3^^:i-o

m) 1 2 V 2 1 Ah ( 2 5 2 W h) 7. 5kg (HI 8 7 : W1 2 7 :'L 1 8 7)
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% m

m % <d ** u
# e(Wh/kg) l±M&(W/kg)

(ME)

% m #a 170 35- 40 200 - 300 350 - 500 < 100 mm##
ti£nx h

(Enx Mb

Ni-Cd 240 50 — 60 220 - 250 500 - 1000 1300 mutism
{&3A ML
%@fb

Ni -Fe 260 50- 60 160 - 200 800 — 1000 790

j§5x*/V*-$jg (En x Mb 
®8H b
3fe*S&$©3t#

Ni-Zn 340 70 — 85 230 - 270 200 - 500 630 (S^x Mb

Ni -MH 280 55 — 70 220 - 250 500 - 1000 1500 fE 3 x Mb

Li 'i is y 415 115-180 100 - 200 300- 500 2300

#^ x Mb

$±5ym

Na - S 780 100-120 130 - 150 350 - 1-000 1100*
#3 x Mb 
p-7?^i ±(D$Ci%

FC
PEFC 3700 — 60 4.5 - 11 ¥ 3000

|3X Mb

•xy^y 12000 400 540 50 Jo km (20 ¥) i«fx4>^¥-S&«
mm##

tat?

03. 2. 3



4 . /h§i •

©S&Klfi&JR V A • 7 -ymX' 5 . 9V, 6 1 0 OWh/k g©iliJIi|i^;^

^ Sx. 6iLTV^50 1000 — 200 0 W
h/k g(7)@m^d^< pf#*

^^CtV'o

D . ^^'I4©(r]_h

y 2rr®

cdWW#j® SrS $ 7t ^ n 6 CD #)E in Bf ^ * a ^ SM &
<o, y f->r ^/vdsssKJS^&So $.-%. v
3/<;i/has*mi%, y-y--r^/>Sr%x.6d^

< V',k V' 5 ##d^
&6. 7k&x_^, —

&Tot%<±#%/<yTy&%5%WS&5. fCT,

? —$r#DA:*(c, (/<?? —4-T/^f) SrB^'o't'^T^D/'^yyyF

^a:d^^6#XL6tL6o —500—700W/
kg, l —3Wh/kgOt(0dS&9,
^ jl,6o

zb. /<y%y - —^ b « A

%^CD^@#(7)##g^Pzby b CD J: 5 K, ±##d^ b li + fr & W,fj & $ktv SilSSn- <-

T^^XL^k^--?/^ K®zm#^T&#xL6&, /<yTym^^^o^#^^#J(Z)RT#*

k^. —-?//
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f 2-3^#©#
#&#%.% k a-'T/xr K^®mmgr^:#LT^6. 2-3##©#g^g^^ L"C^^;i% 

180Wh/kg, 3 6 0Wh/L, m^%a[2 0 0W/kg&r#^i-S. 
r f A#J 9 , dyf!) 1 Ok gt t5i^ S* 1 8 0 0 Wh , ffi* 2 0

0 0WiV'5ri:tft5o tt5i, SET l 8 o 0Wh||J:6

6o 13 2r, jR-^^3 0 0 w@
a, &#-*&:%: 9 6 0 0W@g^V^9 C^-r, %&%%!? 1 8 0 0WhAB2:%
9< ^Z9^10kg<Z)/<y^9'e-^RQt'3C^^^5^ #%m<Z)y7yh7^-A«b 
V' 5 ttS-Sr#x. 5 t, ill ojjfy hoi5 &@E ;£*§-■§" 9 # 9 ©££ V'# fi L & Wd'5 5 

#L -^©/< y 9" 9 ©^#P^'C©3b#^^^v^t#%©##(c^ 9 -t ) "C&> %.
t5——T$)6o o^yh©T^'f^3:'-^(%)#^#±i'

(#&m (cm^sisowgg©

— 9 SrlWIB^K® 5 bi~Cfefa<D 2 0 0 OW^rlit Li: 5 0 ir 3 t,

]S%©7-8#©m9]©#'^, 2e@&-e%@L-CL^). ^rV^V'
200 o w© 2~3e&&5^#(m#mi-5©asim#-c&5 9.

^©i: 9 Lji,^v\

a-7&^:< ^A/#tf^i-C(C^Wwm*LTL$ 9©"?, 3^

^^6K4±i:, a^9. /<y%9©#a
^9^9©6C5gr#o"CV^67kA, /<yr9^M#,

(2)

a. ^^e%^gr@b9]#^i-6##©#^

#^@a^/<yT9^©##^#»6^TV^. L^L^C^6, 
i-6C<b, ^zL, ##@!©@m$:'ef-6W#©^j@grm9^6©M:##^C6-eO:^^6 

ji,6.

n^yhM, @#/L#'lt&@#)T#L<##)6:h,5##'T?&9, -t©3:^/ly4:#^LT
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Bfc T:' it n tf; y h i:%v\ ril B ©Stoity T©3tiT?fiff BSbSrffliy T V50

cir$r#a:%(c^i-^|g|3.2.4®j;^ic^6. m^^y^yit{S0#B"e0Ox ####^

n m
T^raA V — 9

03.2.4 ftEtoifiE (my->?y) s

b. myi/ysibcin^y h ©SS>

-Y. X*to#x*

Easoao, my^yit^l^+t^mv^-emy^ygri^oi^^^^LT^mL,

y (03.2.5),

3 > h □ —

03.2.5 S'4 7 V 'y

/\xf yi) y

a##/<yT;;
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BP%, /<^TU#^±m{k L, ####»:+

A#=i: LT/<yT}; !P ^ D y

E : B : /''rf'J, D : K7'!'•'*. M : ^—9
mm. -&

i
( E 2 , G 2 , B 2 ) =

3
— (e, . g, . Ei )**- mm##
5

(c)

Ok?#^—?)

-f\r -M- -tV

@3.2.6
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• 3 y-ky h

t L 7t t) (D1? $) 5 o cr y hBrEBb/tiy

#±y ^ t

&i-5C6aST?#&%9. A*^LT®/J\m#[c%=4:?#5. gp^, 

9-#oy0mepsma±^-e#$x.6. ##7K#f yf

• stsrn

t±##m

# m 1. 5ton (^ Y P '— K'a tf)

^ S 2m/ sec

/< y T % 20^>

T^y^zc—4 (750WX2, 200WX2)

550W—ik* (30cc@^#y g y^y^y)
550W|§®$£

/<yyU2-3AhX22# (mm^40kgf, #&##%) 

(@3.2.7).
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580 X 450 X 425mm (550W)

(b)

[33.2.7
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6#]gi-6 ^ : '

W- fi l/io

&jj)j\v}m~'(r-/r'^*s-zx
200W@m (10ccM)

' 200WX (280VX1A)

2-3A/^*&0.2Ah@^

mm -

iijj&iVfi-ewA f-n
%# 7 -f

, ws.2/8@&(D'f ^ 6 &

* k A

iocc^> v > (-§■**v') > ? > ?)

/<? T V

EI3.2.8

3. 2. 6

(1)

a. (^ — k° ^ I/ — h) -f-5 S n"
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<D#ra-&#K:#@(,&'±5<, 

b. ##©#-&

±#S©2c©#^(Z:^l/\TD^y gk©

4o(C^6^#%.5.

• ®s a*

- b 7 y 4- > A

• 3^7C#g#b#J

-###&#-7^K^-^©mm

(2) atm#®##

m#-C#(f&4 -3(D##[CB8T5#*<%##&4%TK:#/<5.
a . @SA*

r ©BliteS: t>SA6ti*BS£Ts& 'O , S ©Big ft r ©WSA*d>S§-:bo;t^©T — ^ ©

*(^##$rm9mSA*m@0:. ###f©#b\t*^7, A
/Mmae&UVt U ^6^-3 A^5o

ftc CD^#tJ*< , ###:& 1 0 0 A"M#eMxL6m;#m©
zjsgJTn ^ -y b AfccD@a/J^§i®ti:S?'3: + 5>SSi-5o

^##^A*m^ (7 %#s:R?a'W4r u ^©A*T.
jT,Aj3 0, 3 0 7 i%-

A/#1?^##M:7 6 8 (7k?) * 4 8 0 (##:) m&'C&So
^V'©"C, m#(DK#-Cto#y H:!&3%tt#&m&-e#5t(Ddsai#5Z:a:biT,5.

b . b 7 y 7 7

byy^vy^^L-CM:, ^)g©#g###fyytmAb\T, n^yb©%%Kft4-^

#±, ##6M:SGS0Thomso©fBg#^#y

D ± y f-ST1322E^rffi I't, 33msec© 7 lx —A lx— ht* b 7 y A y^SrfT 9 Sg^ll^S L

fri-5#msi&#m LtlzX- K©*7-b7 y4->^^%TA^i-?^M%^,-C$3K) ,

?yo^:cfHct@:%K:mM#-e&)5o i-2?#(cft, c?U37(32tfyb%
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%&(Da#&cz#yHc##5a#&jt#i-5<k, gAT(Dj;?^#m^&S.

*f"pluSSr'B tf j

CO##(cZ <9^y M7 — ? u i?,*r j $ 7, tc jo X fta-ff js V' X T <D j; 5 ##*&

a#z%^TA6L-cM:^^tP]am(Dm*^^^6^%. #%&%#&##
$ -& 5 fc fc t-f-^'fS^^ilS^'F pf^KX'h <5

« ml@## (V'b^Sr uir^—is—'s b » ir jo VT ti: x j-^i/^^njiy
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%)6t6(co:, amc j:a#masAimas##'?# %,#&?%< -c##6&v\
(SfllS)

• lx—t ^iLicS-d < n 7}? y b <D$%MkJfr(Dlfem, £ 6 (ccofp^K

^##g&3ra#i/^TAt (afmzp b =,w
- y h 9-^ wc#ai-a

ck 5 ###(0^9 #9 &r^x.M:x
mm<DfflM%mmL~o^, mmtemvt%vtf'y ta^m*

D^yh2:^9!:9f-5i*#(D%|ccv\T#^ 
aSi&B-f&ao t
feSo (##wam)

iXT'e#, CiT,6&g^:%A^{BxL. afg. ^yb9-^®^,^x ^yh9-^o^T
^ 9 * t m 't a m -a- © m js as x x$ n m t o v' xa-^ a 0

(2> m#

^ r-e?tx y M7 —JS^>f ^^-efiJfflpTIBJ&^y by-? t IT. ^*^y

M7 —^x lan, Me>3oo*f=i!n;:^itT, ittov'tl^50
(a) &*[3imf—

i s DNf—^^?$>9 x mm
*eri i Ns*y b 6 4 tnf j;f--e^^i&#aaK#&LT#Tj3 9 x

—If ©N^B^-ha^^toTZn ymiST'Itte < x I NS^y F6 4 — (Dip A h *o 

TV^ao I SDNf“-K'Xt4j;64kb i t z s ©MA^ AA" 2 * (B^-Y^/V) i 1

6kb i %^<DjmA##Sri:<7)^
z^/Wba> RTtB-c&afc*, 1 as-e^ a0 r ©±

f±(Df-— tfy. £ LT 1 . 5Mb i t / s ©afSWlSrlf ~ I N S A y b 1 500

a^&ao isDN-f—?;%(D###m*#&ia###-9--hr;%-c&9x ^6:c#%mma^
SiiTv^a z.k\z.hz>a irt£t>h, S#§iLTV^a'f--fc:'^(Z)^:titl'±Sli:'S:Ediia r t

a!##?&a. #ms@&^v'-c#-_aam#a3mai-a&#ii84'(D@@*c)am

Slxt#TV'5„

PHsasasm&f-aa^
(I## 9 . 6Kbps aS±K-e&ao -^PH SS97 j: 9 x 32kbi t/s® 

z-^ait as^ijffl Frflifc*a0 PHs®32Kb i t z s

t LT»:m!im?&a^ta>a^6'fx />af#asorm&&a#:&#*&
$ tit v' aQ

(b) LAN

LAN (Local Area Network)ft •£ <D % <Da 9 x R C;t ##!?(?) a###&@#f-

afe»_efea0 ^it^tvNo^oto^fcaaisftii Ethernet £i^?ina*s:a^Mi? 

h a o Ethernet N5f'iyf5 i: L T lOMbit/s as^#r t 4oti/'50 {5###®#,# t L T fj 3
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6fl,"CT,'5<,

/ H y bll^ y b #aEdm#K:&5 C &

Srfr)/!:*(CSMA/CD),

x'-fmoamM^afu, m%(cgEmi-6o

-Etoi- Ethernet ±t TCP/IP bmftlZ^v b ^/VSrSB L/t3WiS:M 20mS BJ£© 
4:yh9 —LANOD^mft^LT 

fi Ethernet 7)##&^<-X<Z)^m##Sr 100Mbit/s(100BASE-T ^ lOOVG-AnyLAN)flLtfcO 

FDDI(CDDI), CQ/hA, LA

N (D^-C^ y h 9-^

^7h, ±E(Dj;^^#-#LAN(C^XLl:##LAN(DM%tfSfS(-fT^jT,TV^5. #«l

n%Ky b(^ j: 9 (c, k ^@#^y^x^5.

GHz S&flJffl LfcSSL AN-Cft, fit 10Mbps, B^T? 5Mbps 6*0 fc <D tfSrfiflR $ ft 

TV\%. #K+^6#gcWm^em^W#'C&6^, (R|-^:!/Tm(C%#Ci%)##LANO/- 

##LANtRI#, em#*M:@TTSo 

(c)^y^—^yb (WAN)

y t° 3. — ^ ^ y b 9 — 9 -efc «9 , TCP/IP (D-/X2 b a-A'Jil y b 9 — 9 '> X

<O##603yifa —4"y^—^yb±7?#^ 

x^ u y

^ b ffhlf ibfo&o glrt^ joV'T & r <D4 y^— * y hB b bm 5 2yfa-^i

y b 9 — 9b ItOCN (Open Computer Network) M— tf X Sr 
M#LTV^%. tAR##^6 0t3^y b<D$J#^V\^^y b9-r7n^x^r7X(D^yb 

9-r7^LTIl^y^-^y bdS#t!Sma&#/Sim'?#;BW#&t<Z)2: #;L5. L^L, 

j; 9 (C, b9-r7Tt&5.

(2) R9 @ ^ b IS

#%^#ftA:^ y b 9-9 o ^x^ 9xKj3(j-5mm^)#R^6^jSA6mj@Sr^^

5o

j: $ (c^y b9-r7D^x/ 9x(cjoV^TiaD^y b##i#L'nA5 0e#

n ^ y b ©SSb^fFSSbfF lOOByte y b ©SS Sr 5mS BS

###-??? 5 ^i-at 320Kbps

$iJ#amSrlmSB^(c#*()6& 1.5Mbps

5. A 6[c$J###m^^n^y bom#^%^^#|gm#^m^i-67!!:%)KTV^y x-^
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&<!: of#

^6^. TEG i#^k-emo& 
irtTfc 1.5Mbps flScD'E/l^i^ME i:-f~50 L SrfFS-f-iUf £

c ^ M#?&5a%. m^<%) ISDN imm'e0^mii@AT@m'eab%.

J: Wci&aWk&fLT^

C^T&6o L^LRg6j1,^a^##^f-r^

z^gs^L-e###

(b)

LAN^^^^-%y

f-f<Dgama&e^t#a\ g# (^##) -#^ (^##i)

M5 B#59MSiS@ £ LT€^iS®tAnfc>50 #JxmE©@Mf 

5MPEGlSrfflVti^> tl 0 OmS©®®^f^-ftB|t^4L,

*6K%
i: C<k 0 f &###&#-?c <b ^@(DT

— ^ COB#RAMS: £ S^yfetoV'-Cfl, v/Pf^r>f7feI©ffEJ: L T B £> £> ft T V 5 

dft @m@*d!#M^ft5t»lftrfldCV^
n#';M#7-^|oIt]^^ f l/t^^->3 ^07-f-

Mkfa&o
@@K#x g)ft%S/^T A#^&#^LTV\< ^Ed^&S.

L-c#m&m&5&Eds&5.

(c) 7s n b 3 /v

^y b?-^ pzpT^^^icjsv^-nt. n^y b&%pgd^3

L&<T(l&6&iAdS) Ldc < Tll^ 6 (c#^ftTV^S^ y b 9
— ? -?X2 b =: ;V K ?t > 1) T/V^--r AttSr#lt Lfc7°n b LV', '&%<D

3 yif y-k-^<7)g^d!#^(c^x5 C ^ limE%Lft#^dft y T
A#(cov^-C(l#*"C##'e$)So ^ < K TCP/IP 4$ %)/<<y y b b 3/VII 

/<^ry b(D#WI##i-6;t y b9-^(Z)^1l@K lc,-nigg<[:i-5o C(D 1 ^ T

d^<DS"e/S:E"t"5 7n b 3 /Will $ & t&ftSJg ft $> *9, y b V ~~ ■? v 4 ? x CD 7 4
^#x%.

-198-



#r5]Ta#MoTl/''5j;5&:#'8\ (T^ygy^y^^y^O

(c^5^k^#xi6jT,. Cfi,

6&r<%Ef-%^^-XAeyo

(d) -WWIBxK

±E'T#'<%:j:5KX ;%yH7-fK##5^m##L

^ y k 9 —K/<y V'&#%%)#V'0#

%My kdS#&6:h,5. K P^y

yh7 —^n^'T/^%(D^#:6^5o

-fe yf-^< — y. k p ^ y h §:!£ L 7t H#, n#y F (C# L Ti^-fti"^# p y Kttt$5fe(D 

b d tic -t: > f- TiE x. ±M^i%) Sr © J: 5 (c # # k ]/ — $ i^i^it't'S <Dfrb\i'o?$

c k mm#5##e#&omaM:;Fpr:%'e&5<, atm## 

j; 9 ^y M7-^ Pz^yx

(osi(Dpe@^T^(c:$g^i-5) o#afasmBK:&5

b3%Z.btl&o
j: 0 -klSoy^TAk #3 ^ s y(D7k*(c^ oT^ye

y^^-Yk^O ^SCALS kPf^5i#5a##mfg#%k n^y Ck

[ciK), euxL^cALs^zD^m^jT,

6#f ^%gl-^Dy^yy ^y.k#gri#6t^i/3 XD@C0^ j: 0 x j:

"T#lc%5o

M©/f y^ - ^ y by-A^CAL S k V 5 tt#&&%»SmK t7fcfc CD«\ ^#B&T 

#i5i HTML (SGML) b V' 9 iE3£J&S; b H T T P b V' 5 -f p h 3 /Wc «k 'O RTI6 b
&-3&k#x.5„ p^yk&4;yM7-^(cm^AiT,j:9ki-6k#, ±EHTML(cfg 

^i-s P y k (D#E#&e 5#m^as?^:%K:&5 k #x. 6ji,S. -Y y^—^ y L±"e(± 

m;- 3 i!k^##&Emi-5t%)(cvRML^(%i#m%&!gz);e^^,cc$)%^, p#y k 

6(C, !) T/L^^ AitSr^mLTkE^^a^'ar^^^S k#

Z-btl&o
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3. 4. 5 ^ y h V — V y ts h n t n 4? 7* y y 9 /V — A

r^yh9 —yy^l'DJ y h 7 —^ ^7 h c ZZ^ ^#§^#

a^^6i/^7A(7)C^&v^9.
e-;Wi/%3 >t:°3.--f as, 4; y M7-y 6 y 

c ^a^-5r^i?&6. LTMAi#mmi#z%^TA^^a^cai,(ciav\
ry#zzy>* + a:wyhnzz = hnz^^j t

v^#xL^tcm<;v\i:^6^^%#!^mTab5. c(D#x.^M#t##7D y? A^ 19,

^(cacot'7^3>/$i|#^@g!,ik#§g&^:x.6K#tL-c#iT,^t(D'r&6. cai,M, i 
9 8 y Dyn-kyf j: 9 , ^jT,^^oam!rfl:#^T±
#T*)^±77o p i DM#Z: ^7^7/i/iy-f 9 ,
j:9M&$!l#&, j:9^#(c, /^I'D
-yyM%&!^m'e&'3a:^ta^a^6'f, y # h Dzz^^##g(Dem%^#&(cz 9,
1 9 9 0#ft(cg^TM, 05<gk%-etmmL, ±#(D#|&&L7%m9\z:c,±#a(:K

r. <D fBJ, iS® L A: 3 > L° a — $ % y h 17 —^ %# > h *) K> Itl 9 9 5 ^~ 1 9 9 6 fi: 

a^fTSCc^^y^—4^y h 7 —AM, y M7 —
a##gr4:^.t. /\—K9^.7±(D^#a^6^
#^^#^#^3^^7 7 9 7-i/a ^(0-3 ^f^y h9-^*#a^^#^t(D^M
&#jm"75 5^####7##:. C0j: 3^^y
= f .a##-&#&, C CTM^. y M7 —y y ^7 h o ^ iqz^c ^ (cfSo 

C(7)^yM7 —yy^ho^,
6&^y Hki-5C6&j: 9, ##<7)^y h(Dmggr#mL7#^(Dmmi7)i#5##ik(7)^
#&rMa^s^v\5^^a^^#"C#6o y^^pzzy^a^^gDziyyzL —^

4:yM7-yy* ^oM##(7)z7^tf^ 

-7 * y M7-^ib&mL7 t 9 i#5^i<k^-e^ms##ibSr g#i'tO'e&6.

^T*fe5^7 l'7'-^©tir#as, <k ## ^ ii/, a^tTt:

9. m#co#@%##a^##e#T^(D^%srm^L±9T#6 
5.

C^M, ^y
z/^7Ai:(Dt(7), Tki/^7 A&^mf-5^*0#mT&a t E%i-Z

^a^T#5. i-<ga3^, ^yh;(*hn&#^64;yi'7-^<k^aT,t###^<!:6xL6 
Ol?M&< , l'"e#J^^aT,6^# AI (7)—LT& 6x.&

t®&a^&a^i-a. ##a^^^%a*(D#*-e(7)yyi''>^7^:-^^>h, ##M
4^y hy —yM3Ra^cTv^5#/r(7)y^7 h p zz^ a.

C(D j: 9 7^^ y h 9 —y * h ct zzy

ac^a^-eeai,^, A*-ea^'3(9D^yh^L7##$'&ac^a^#-e#ao
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K)nzMy h LT##L-Cf ^V^5AR(c^:#e4-x.6##&^9.

(2) m#

±^LA4;y H7-y y A hcuDW^^^J,!: LT#&lT(Dt)(Z)#&5o

^K#miD^y h)®%msr^mf-6^%%%c/^TA&##gLi:T/^5.
ARgrm ^ as, 4; y n;-
y e^L-ca#L^m(Z)A^(Df&@(i$r^:#i-S o y f/i/-A&##L-CiAa„

L^L,
ASm<7)=z y t”^ — $ fcfljffl LA *) s ##(D= ^fc0^ —^ £[W]9&fcT?tX LAA#^ L
TiS*m, A##^e#^L-C#^LA0i-6C^a:-e#^K[.

A <Uc&5 5.

-^y htL<M:YXh7^y Hc#^^^AUN I X7-^^T-^H X6/<-yA/^ 
= —f-e&>5o gP(D%#i^ L AN-e#^^^A @ KHkv-r ^f(c
pg6jT,TV'6o #15, ^yy-4;yh(%)^JmSr%m^LA^yM7-y3^i:^-^^iqz 
#fu5#t-##dsm#&fi,A. AtLM, &A4^y-^yh±(^WWwa<-Ax<-^^y^ 

(cp&6^TV'6^, %yu <y-e%3

(3) H M.
^A, ^yh9 —yyAhD^y%^#o^@ASr#ASi;, 0^-3[cMm#3%h(D 

iS&as%A6fL5:K ctioi^miDW&^jzipism^^^meAeSc cg(L,

) 6 LAjo 0 , c ^a^m#A
#60 -^LA, 3oaHc±tf6fL5W, -k^DA/,

/ix h M%A y 5 L,

^ 6&$smi-5_k-e(zx j: 0 LTM^T®t(%)^&)lf
6fT,5. $T, n T/^y/ A os t, 4; y h y-y %y A^.a^
S A#18 £ilAV5 Unix J& Windows95 ^ (D OS t (DWOl^ — Sft$ ilAV'fc
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at. #^<D# A. #J

^ Bitg y y h ? X.T LX4 y cF-/ s' F 7°p F 3 >v (TCP/IP) Srfijffii- 5 - i:
^^59^. Tcp/ip4"#.

M <7) 32bit CO IP T F y y (IPv4)-O' c± IP T F y y tf* % jf,-f 5 : i F B# FrB ©f^E-Ofc 5 F ir

&:h,TV'5, LT#^#^^fLt 128bit7 Fy^(D IPv6^0#fTdS#&&:h,
TV^6.

/s' F ^ —x F > * F n ^7 7 co E S <h LT fi. 7p7>'Fo!I;e—

at. ca^F##
(1. /yF"<-7F^^Fn^^7fl. i@5aik^^t#gijgE
*dsm#LT3S#i-5##"e&5o

OS -^7n F 3,K s' F 9-^ A9y&#(*L^^

6. a>o. Sb£ Sr-t^Ei-s/s ^ * F n — ^ xsd^is^f<y50
at. #(CA^SrfS#ti-6n^T/S'^;>-A#(Dy^7A^j3V^T%. Aim&#o

at.
A^roSIB^S-ia5rlA#Sti:5S«EI+B©BA£,fc5jc%) ^ii50 AfflogiiSiaiifccT

#m%tA^ta:#e^t6ti5a9ti-st)()tii. Afmcoz##t. *
- m%e#9Bi-5#*&m5-kyyyy#%. ^os8*&AimK:#mT# 5^ 

y »-^yy/y^ —73:/T.K#<D#a^^g-e&5o
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3. 4. 6
a) fern (M)

m^m^T-rT&]g#i-6. j: 0 (%)'!##

as#####

C i: &#%ai-5„ j: !P\ %m#^Ay

h 7 —6##& LTv\&#>#::2: <

##L, K#^&6*#i##0^m&rpTm^i-6yT/7Sr^mi-6.

• A y h V — 9 i£ #T :

3Dm^. 3D ##....) :

Rv#&AA

(A^T/w^) emm-A^o
^^@Tg<Di##SrA^'5r#^#gf(-^ltjT,M#m##K j: 0 ##!i$ 

#5. K 17 j; O *##&#&<!: 0 %

5&i-C^^-e#6o

Br(cv\5a^^& <#@ j: »p a#g&t^-c#:g(i-6 j; 5a-f&m

t LTx AyH7 —6AC(cv\%^(D#[c0UT,t#Bf-e(D# 
Mg&^#i-5C2:Kj:!)g^%$J%SrfT^m5C^^-e#5. 24^M#*A6D
%My KD^fNcAS^a y j; 0eMiD$ijmSr#mi-5C^^'e#

(2) m# tmm

(a) M'$.

-e#5.

A ) Ay h A— 9 i£Sf

-Ayh^-^^ML, ^«(&^j:SA^yy##^m^A.
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-NTTOOCNf-fcr^’CfiflJJBtifi&fcUC&CT 128Kb/s,l 5Mb/s,6Mb/s f lj nf fg „

%/<>- #4; y b 7 —

-C ATV4 1 Mb/s ^ 6#gc Mb/s
i 6-Y 'y#'-*y 2 Mb/s k"X§fE^o

-NTT (:±%^DA##(%)^7T4'/<'fb^M2010#'e#5 0 %&B#„

^-4;^ bKj; 7^mmL. b%

&) 5 o 

(b) ^ M &
-Y ) -% y b 9 — 9 R#

/s#e, ^(cggLTft#Aix^</ix-e^#jma^##[c^^Tv^6a^

<k LTB[#M%as#A/^j3t). ^To j; 5 ammAam

oTV^S.

#a^7%^ 6d4:

'#@am#mMcgiiL. #ggm^a^6(DA#%

/<?y —^o#^a^^6a4r^tbTv^i,\

6.

(3) m #
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j: p 6^60

(a) -% y h V — 9 ££ #f

m - mm - mm/*m) ##&, 4;y &r^L^m^(c j: %####-

• ## d /J? -y V ###^

(c) #@

n /R v h#J##i##0BS##&#o A###^®t x <t 54 $ y

•/M6»3DItffi*Ifx /J'®gi3Dffgf

• {SS^TVV £ a‘S^:S#f

• T 1/ '> a y k° y X

- T ^ a—xy y h y^T A
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3. 4. 7

a) fern mm
?Hs, #&am LAN#ogE#o#3^^a#/r^y7

c^gg, $d#&a
###K <k-3"C# 9 7h»(D#]g^yu h rzyV'SfSVz: LTS^ttSSr^isb^ A&##

i-5.

TtSity n > 3 /VcDSVrSrtf 5 0

(2) ?l ft

(a) 7 i>=t yfljffi

&#m#, mm## tf/y^yy tm###, #A^m
y-y;y

(b)

(c) LAN #

(3) ^i:Si

#%, mftTM:, ARG&d'd':b9'&5*i<##-e,

Mtiilrf oTf^Sfti^ n#'7 h ©ft#tSrIE5t icffigf 5 <D Jii® L < , utfy b <D g #

aig@^^a#m#^Tm^^6m#T'r#mi-S7tAoa%My hoe#

(a) f/yft A###

• $1 If] *5 £ LF — — XI) If) ^SJ J; 5'>^T^3>t7t'|Jtil

- $u#, a#^2f##y 7 b y>^y y h # = 7#a%##5
- ndiy b ^

• SMUf^c h 3/L

(b)

- A6 L##MD#S#
. 7o:-/i/'k-y%%

(c) 3Jfc7C#®#f#ffc: J;Sik-L'^acy T^m&ffi

- 3%7c#m##Rma#
(d) n m m m m m © »> w m m t <t 5 m a a ft^ ® © ®n ^ s m
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10#fRTA

T#a#bi-5:ty h9-^##&##i-5C«!:^B%6

##6LT, #A#m^^TA, 2#74'y-i3#yK y^-h^^-y^D^yb

- @#<k&;h,7!!:#:(Df-e(Z)#A#m (M%5#)

#j = ##

eij = -#mi&

#m, am, cps, m0(c%oTj#fT)

MffMm : 0 ~ 40Km/h

-A—(^%10^) 

f-/

(b) 2 $m 7 'f ^ — n /R y h
-o#yHcj;5M<Z)Z:#$:C)34E$iJ#i (#!#!%)

- c^y h(cA6#m^frf (#2#%)

- e#y msm#)

(c) y ^ — hy^zr-y^n^y b

- o#y (#!#&%)

(eij)

- B ^49J@T(D^B tA^,^: J: 9 ##&;< #-y f o %](y b (DM% (#2#|@)
• > t> =■ y V ©#t? y 5 n /£ y h (# 3 #pg)

(4) BS
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3.4.8

LTfl^r "P &XLfmT<Z)#^ Lt.
-

A R/l t- # b -o T fE S S: fi1 5 w h fc©o

•

^#^i##Sr^R@0ARg^^x.6 z J: Srf,b^&6 t 0.
" n zj? 7- y y 9 /lx— A y h !7 — ^ /< A E n — ^ ;*.

Dz^y ###Sf f.'-e& 5 t (0«

• -^ 7 h 7 — 9 / y yy J\

^yM7 —^&r^V^i/^TA##^f,5l?&)6t(Do 

^^^,6t®-et^V''CirSr^fk»cCj8<o

1)

xf) ^ y \£ ~y~y yT y y $ y Y n y E 

SEE :

%. gg#^2ffr?.

D tR y E EZ T y ¥ n 4 Kl, ###, SH/^ A $ t:° 51, n zKx A y ^/lx— ASS

.8mK:J&C'C#m&%m&2:5, azMyE**K;i@##E^?orA^t(Z)(D^
f'ZlxZ^^^^ri-S. Azg@!;T/l/^xfA$IJ# (@@l-20msec) M 

g&SSBtt, n — A/vA y h T7 —r? A'M-n-SiiS n — A/i/A y E Z 1/4* ^x/AZf-ASo t2
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o. ARgo#ig&rm#Lx

^ Arm& a##oMK*&2fds#3fi,a,

^ 6(^, n^y b b7-y (CNi-aK#^ LTM:r^
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5&&52:#%.6:h,5. fLT rk^. —-?y^ Kj ABG<%)i'^<T(D##&
ozKy h&mLTaMm?%#-e^5«!:#^LT,
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g%a!i#s< , c 9 L7h^^^i-v\T/<^y^M%a!m$^%o 
mT(C#f (D-gpcDA^T/i^y (eg#

hmd : xy w&saeu %:-ft#L j: 5 b v 51©

-e&5o - co-r y 7-fu^i t, A^§r#@i-6'k^f-&^v\-C, St^EGDfp]
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-.y S7 Sr H #. y f Sr^

< j=)(cLT^a&, ±*%d!W#B6^5o m^<%)

^##-5- (60— ;vy) t'tt> Ld^#^T# ^ < %a OT

^yy^rd^cac^d^a. ^fLSrG5iki-a&:&(3y I*#m^-Srl20— 

T^mi-Se/^T Ad%M%^ ji/TV'S.

fr — 7 (CAVE) : fr*#SrffltfJ; 5 JCIEB, ffi B13m X 3«@&©*# $ <D7. 9 V “
ySr@E@L, =

y ■%*'&mm ltx^ y -y§rB5 r 11ioTiisv'ftiiisds^fetix- K#

V'&3=fL5 j: 5 %#OARdmi#^imC#:#Sri-ac td^

h y (9/-V-) =
t ft htix 33 !9 , rt^y — ? H^COXT- 7 zyS'SrSfSDegE&SdgS dSbd^ LT

5. &^d^AKM5o *
ftmWcn^Tj y ^ep-eex5d< #%(l####m^Sr^%.6#a(3ii#g^v\ ###

@d;&^0±#< #:h,&V':%ad!&5d3m,m#(D&a#-;%&A;&T/W;%T&5o

: A(D#(%))g&Ld:yD-y^^-yT/*/l/7T^/<&EL, A^m^R

^(07^—K/<y^^R9@^d^^iT,'Cy'ao

ci7)-kyf-<^g!ngmmM:x m#Sr%4=L, ir

Lt^\z.tfg<D^m^'((sg 

*#tgg#) (cj:o-c*^ac^&^umLT^a.
M#<^@mM#Sr#{-*ii-actd!'r#ao mxiMi/

60# r' b Kl/180#<5o®)ESiL^*lF]cDS#Sr^* fcf§£'t~a<, ^tiii^iLTHo©

f+Sll ^ A /WDS^SrSB^i-tUi J: V' b V' 9 ##a<> BSCSrH va^5£t;ix #@##E#

&r#mi-a^%)^, Ld^t, rngB^me
^d^^F^i-a#-^, ^R^mm^d^A#<^<ki-a^v^AASrWL-cna.

7%y (PHANToM) : ^jt/AbKe^-^y-^^m^i-ac^d^ea^yT/
• 4 1/$— 7 *-4 7.*f 77;% ao A^KSSSiLTk^lf- 5/ ^ ^(D v5 y/</V (Gimbal)

Ag^mv^Bx m#%^(D##&&;d-^y-fK#M&a. yyy^-ysy
(31 cfc o T fi 2 AW -t ®^it Sr#! o tz. V (Multiple Finger Interaction) ^ Mffl.OfEMQfffi 
Sr 2 Ay.-ht?j#W L'n" 9 (Multiplellser Interaction) 31 i: t, # tH'T? & a 0 ife A ^ 7 $ 4
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^2. — 77""7-,V3L^ y x tr ;V b Z*' & — T “- A s /W 7 7 b y®V^

9 — T — K : Af^©E bffl — tog 6SSrW*f L 7t ^ Sr A ^ to
j: abSk^lA^toEK^^-yrS j:9^ELtARtoE@m#{-

zLCL7T7/>@(M:AMtomtomme##li-6AflttottoT. /<^7T7/1/

-y y. ^ — b° 1/ — ^ : MS to/<-Y 7T7^©v^^ — to#"f" 5 A 7 -f — y rf (c

K/<y ^i-5.

3. 5. 5 MfSEEtf

LT^T© j: ^ ^t©^&5o

1) N-ISDN (64kbps ~ 1.5Mbps)

-7x-7fj, 2B+DT& y, y-^m#-r(i#Ai28kbpse#m-e# 6c

2) MU (Serial & Ether) (1.6Mbps ~ 10Mbps)

m&©M#Etherl?(l

, 2Mbps;$> b 10Mbps(Db<Dtfh£0 #£kS|*"5£©# o'13> S A 65 iC 3f IfJ tt ;d> £> *9 , ffl-ftSS 

H# A©AA##o ^ y h & A© Afnl fe$L7fi il/i b © A ft fc J; 'O tf V'T V'
&Vo -A, h y-AfcfcA^T'tt, Mln]t£7?SA5 A*A aitMtiMto i$M<k

L[^<k\ M#W#6#@M:100'-300m<6k^-r'e&6%)^ D-^^r/##Sr^5

3) Ethernet (10Mbps, 100Mbps)

#&©LANm#Sr#3^ aft MS k LT 10Mbps, 100Mb

psdS±mT&5dS, IGbpsm^toAy ry

4) B-ISDN (156Mbps ~ #Gbps)

B-ISDNM:g:#%ib^jl,^:ISDN-e& 0 , ISDN© j: 0 ^A%^T©^m&^6cAt©?&
e. LT#l55.52Mbps-e&9 , ^MlS%^y h9-^©&S^^:5 t©"e&6o 5

5 ) ATM (26Mbps ~ #Gbps)

ATM (Asynchronous Transfer Mode : ilE IrI S3 ISM Ar — K) IJ, B-ISDNto #1# t ?£ <5 Sr#T t? 

$)4) x STM (Synchronous Transfer Mode : |WI0$5#4r— K) t^t'fetS'5 ^J6AAlAy 6 Eti
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±E^)m##@8&#ALT,
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#p^y K&^^A/2f#^LTL^

Do-e, mmi<-i'&{s<i-6ax ^eEm-##(c77pyrm#L, ^yhy-yicmi-

3) y< y ^ y+pfSh ^7 y y +^ — b° ^ i/ — y

Z.(D V'<)\'(DT~— /k-dr^. — 7T*t>, ±fE£> V"<;V t&f£lH C Cl t&m%. 5 a^s -V —h”^.
i%'-^(DmfM(D#-a'0:, 7;yy-K/<yy^j:!) !) 7/yy^ A%a;g*^it6. -(D#-^ 

oc, aim#*, ftem^ac^o:,
7/yy^^%, l#5#^a[OM#&A'g6i-5a:%)K,

&5. La^L,
^a:, amniac^T#, yT^7$##&rmv^Ti##46m&r^%<L, 

##i7)#f#&%mibi-6Z:6'riSDN<D j: D k#x.6:h,5.

4) -v — t° k— y +SSb p a? y h

C<%)i/^/i%-eO:, l), 2), 3) j:9t#mc#<(D##a&<E#i-5&^dS&5.
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y^;v©»t £n-#;Wc&iE1-5 - t TiHt*S:lii]«'T? t ^
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^ 7 h V — 2 © /t &> iC # * 4/n h =* $ frlX © 6 0 t&ft £ ilt ©3 -v'/V^ ^ T 4
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7 n h o ±\tfr <9 ©®pg“efe •? , •&%-*. !)r-f ©#fg#©^Mt#A/-e

7wv^a-^©nscij:N ^© p 7;>^y

/u^yDh3^SrmV'Timf@A#:&#XL5^g^&6o mfg#©g'J»©7t:A©##

05*.

3. 5. 6 h##a#

b (Dmmmmmn, LtWWW(World Wide

Web) Kj:oTt7b6$ib7h2:#"3Tti§#'e5^1/^ MWWWftX-Y X ©CERNM©-^

7^1f (M*) y?h ^ 7 T 5 NCSA Mosaic© ffi$H l-<t <9 , SticS M if 7t. )£¥£

ML (Virtual Reality Modeling Language) & B |gflt ^ k L T ffl £ ft, WWW(i#±%m^

vML%##%z#7cgfm#E#&t'5*#%##&&&& L.

#^^^-©7 Lt^.^##^©7 ^ -k7.(cg# LTif A< ©##^T&5o

7-/>4-a-7D:Ky h©#%M3BM\ ^m#K:##i-5miRo#y h&mLTmm#- 

©7y^^^7.^y7.&^7 , ##%m#
-e©^m#^©T yf y%0 pT##$r^i-c & & g # t f-5,

jSEn ^ y b &WWW79 5#emi994##^6Universityof South

California (USC) * if fCft ©TIL 5>ft 5 3ft fEiift' £ Tfillf \Z R V' b ftT © 5 © ft tilf 

ft ill ^ © HTML (Hyper Text Markup Language) ### ft £ Lf HTTP (Hyper Text Transfer Pro 

tocol)yeh:]/ix-e&)5(, C©#-^, l&<#&LTV''5WWW79'>'f&ir©£^#^'r#' 

s t v^ p^j^a^s^ft ^m^T©£ 9

a) n Jj? y h$IJ#y 7? 7;n-7£HTMLWf§T*f2iz!i^3fcfe, y^7x-7^

HTML-ef-^— h &ftT©5#f y# if ©-Y y^ 7 zc —^KRB)g^ft5.
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c) a —f ^6(DZL —4fxf y^r ^ WttWWfff- —/<-eSS?5iLCGI(Common Gate­

way Interface) Sr rfr L X f!l % & Mf? £ ii 5 ;3y — if <£> Sr if CD J: 5 & p /£' y F ##

!) ^ H:3&6:h,"Cjs9 , n^y M)--/<(D## 

HTML7yY^^CGI^^!)y)'^(D^^#^#Sr&mgg<Km-i-6Ag#&S. f"

#yh##KMLT#'&*Sr#c»:l<b#@#T&5,,

d) aff fcl/BV'&ft-CV'S -fn h 3/HlHTTPM%)(0-C& 0 , HTTPy"n f> = /KZ>i4&± — ig

*#gL-Cigl%D^y b

%^##Loc##Sr#5 t

EaSEfc'jr^aftyn lo^j|#L, *fc-WfcfEifc £ ^f^Sr "TE - 6 eg#6 

i~ 6 :.

T——^D^y l'CD^#4'^'-^(D#)g(Cor'-Ca^%. VRML^7!>^yy(%)#

o' 2r R# ^CWWWIf —/i_l: (CRCML (R-Cube Manipulation Language) WE Sr iV'TE a L-fz. n 

y HB®7r^/LSftL^ r.coy r -f/vsrwwwy'y >D - KLTRCML^'y

?fSr@@bi-5o i§R#D^yM)--/<o

czKyKD@A^E@^2f(%)##/#7C,

yf 7 =-;%&## L, Mmjztc^lWzK^y^ry^-Y/^SrMi-S.

a — ySrff-fir , y'y ^1f flRCTP (R-Cube Transfer Protocol) ;/n b =UV-

&m'Ti@imn#y|''9--/<K:#il&B#SrfT5o

K^SrAjs&L. DT^^^A^igMo^y ^afmsrfr^-'f 

<Z)##Sr%l#n^y Mc^xL^^r 6 t(cnz)!y b^6A#i-5##Sr*^i-%. 
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*SIJ LT^T©2o-e&5o

a) R-Cube Manipulation Language (RCML) : isp? D ^ y FH"— s<(D^'y F !7 — 7 _h ""(?©{£

8 (URL-Cffiidfi : rctp://robot. lab. ac. jp/robotl £ V'o 8 6 SSH8x $!l# "T

A¥Wtg'IWW& jf^ExB-f-5 SEo ASCII7*;* FTBSlTA HTTP, FTP 

^^©7%^/^^^7'D 7rYT^HM(cy)>^D-Ki-5.
b) R-Cube Transfer Protocol (RCTP) : m|#n /f=y ML — s< (RCTPf —/<) b 7 7 4 77

An F 3/V0KfHB?St-g-^Ji5o

c) RCTPf--/<y 7 F y 3:7 : y F 7 7/7^ F ^RCTP7c F n/l/(c
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(ABSTRACT)

This talk will survey past and present humanoid robotics projects at the 

University of Utah and Sarcos Research Inc., which include multi-fingered 

hands, anthropomorphic master/slave arms, and full animatronic figures.

These robots have been created to mimic human structure to varying degrees, 

for a variety of compelling reasons.

The Utah/MIT Dextrous Hand was the first robotic device produced at Utah, and 

was created as an advanced research tool into machine dexterity. The thought 

wasthat robots could not have the same dexterity as humans, without a 

comparably capable end effector as the human hand. Every aspect of the Hand 

comprised novel technology created specifically for the project, including 

actuators, sensors, transmission elements, and real-time controller.

A humanoid structure was chosenfor the hand because (1) the human is an 

existence proof of a successful design, and (2) human interaction with the 

Hand such as in teleopeation is facilitated by similarity of structure. The 

design philosophy was heavilyinfluenced by human functionality.

Novel components had to be created to achieve the desired performance,so that
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any limitations in capabilities could be ascribed to limitations in control 

strategies rather than to limitations in the hardware.

This design approach was continued with several generations of hydraulic 

telemanipulators: the TOPS manipulator and several versions of the Sarcos 

Dextrous Arm. The choice of actuators is the most critical part of any robot 

design, and thesearms employ hydraulic actuators for human-like strength and 

speed in a compact package.

Similar performance cannot be achieved with electric motors due to their 

inherent limitations. Direct-drive hydraulic actuators areemployed in the 

Sarcos Dextrous Arm to linearize joint mechanical properties, and to permit 

compliant interactions through high-bandwidth joint torque control.

Joint torque sensing is important in humanoid robots also to reduce structural 

loading and to generate smoothly interacting and natural looking limb 

behaviors.

A parallel development has been full humanoid figures, with up to 50 or more 

degrees of freedom for arms, hands, legs, torso, head, and face. Over 100 such 

robots for entertainment have been produced for Disney theme parks.

In designingsuch complicated robots, the careful planning of conduits and 

structures is important for reliability and aesthetic appeal. These robots 

can be programmed to recreate smooth, graceful, and fast human actions.

The next generation of humanoid robots is represented by the Ford figure, 

which is controlled by a human actor wearing a whole-body goniometer, the 

Sensor Suit.

Interaction between this remotely controlled robot and the audience is so 

effective that these robots are frequently mistaken for human actors.

These robots have been applied for trade show displays, museums, and theme 

parks. Another application for humanoid robots has been for human emulation, 

such as protective clothing testers forspace suits.

Lastly, although they are not humanoid and definitely not human friendly, the 

robot dinosaurs of Universal Studio’s Jurassic Park the Ride were also created 

by Sarcos.

7. 3. 2 Fj
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