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Abstract

This study is concerned with the evaluation model construction of Man-Machine
System(MMS) using Transfer Function in order to improve the control characteristics of
an operator in the system and the procedure for ergonomic system design.

When man, as a subsystem, performs his allocated functions in a system, many
physical and physiological problems such as fatigue, stress and error occur. And the
imperfect design of a MMS may itself be a situational factor that accelerates stress as
well as an idiosyncratic factor that causes errors. So, the economy of design should be
considered together with the ergonomic characteristics on the evaluation of MMS.

I.A &

FHeo] wEsA] FR Ahe] AN FFLS A9 A =FH g&dn JUT. IF
o] gedtn A3 7|A7 Gl wel Qzte] =FYo] ALSHAY B Eokol 7|A
7 A AHEHE v go] AR Eolm AP olF e R el FUol dnie
Automation System A4dFZ7F FAHADL. 2y 8¢ Computerg H %3 74 =
538 A% 7&o nxE LU E B7Ean olAE A SAFH xFo] A Q&
FHL e AFeld. mEA old ol AFE F7sts FARA ARFH JAE A=
Wststx @ + A Hw 2zl ¥r A4 239 539 Man-Machine System(MMS)
ot} MMSE UzZte] 7AE AME3le BExE &= 4948 4% §F3E EE Operation
System< @aled, Azt Qzbol HFstE 2E Ayl ¥ 87 (Environment)E 33 714
t 9% 9o 8% 7% o5 Fr1AHA A% s ik olwd] AL EYHE 7
AZA B ol NAdE FASE 39 Sub-systeme 2 Hetsojof JiT),

AzEE FZ Sub-systemSEA L QA MMSE ¢ Al2€E dF Ao 3y,
4~8) = (Performance)?] &4, ¢1¥ o4 &(Man Power Utility)9] 34, A4 2 3 A (Production
and Maintenance)ol A 9] AAA Fu 53 Z IdNEH L AR st FEolrh. ol

+ YeIF B AL
wx O}FTISLE YT o3}



202 AYTF - FEF

T AFTHE A NeFA AFAA AFAE, ARAH A - 7iAL Bl shdelM 2
%‘494 FEA FALE UAF] gton ot 73%’01—:— ANAL AAY Azl A R-ps] 24
FE @3¢ doiME 7t ¥} EAol muslojof grke AL PWisirh AT
ATFEokE MMS, AR, E8A0], AdxA, ANFEH HA, Jdd 29 A, 2 =
A 5oz Uk § den, 71 dA A E4Fe] Aedel ARETH SHA ‘ﬂ.l-}
Az olgrl F3Fm kG AAYA ZH)A AgHoR P F e RIS A
Aoz MMS 449 7t ARl o] &8 4 Qi UEF oA AI*%J?H’J ”e

AL vy 4 ARE Ak wEkbd B Aol MMSE g ow AA Mg F
Ho A A4 E o] 8-3l¢] Man-Machine #AE A2 oy Hr7td 4+ e BEE A
R

IO. Al2guje]A] ] MMS
ANz A Ae AAZA S 715 SPHoE £48F Polud, 74 FEHAE AW

7V = st/ "t ol& Systemo] o9 A TAH=UA © ga2s <ay DA 2
ol Al gHoz BEHYE 4 SUTh

A : C S B
ALY G Mgl | A AL BFAY | 1A 99 99

<E 1> AN} 71A Aolg) 215H dA=

H agoaiet Zo] AGYL BT 2 A2 HY A2HWE FFolA 3 FHo
zrela, 7174 53 ABAY 7)1AN AZLE AR F& AN2dolth. BYHL Fo] 7]
Alolx Uzko] 7IAE HEH F= Aadgelrth oF Une 7AV FFHoE FFIn
AEA 3 Checkslolof 3tu, ol4o] FAEHE wols A QUzte]l 7IAE dlAlstd Ao
dtedof gy, CFHe AR A7 Hzeo FFLE A2EE 39 ks Fgold,
U 5-£9 ‘1}1}‘5“ AN 2¥lo]l od7ld] £t 2 Y% AAZE ABC £F 999 1\1-&.%!]5
drh. dutHoer MMSY 99 B, C 99 =& 2 EF 99L& @, AEH7 EF
AAQ 71% GHol yolAA Uzt 7i7le] =37, $u, BE T Y dEHH AYS éoi’:
31, Vigilance, Monitoring, Tracking 59 @429 %77} 2731 & A2do] 2535

I AAFEFE A5AHY 95 5P ﬂl's°1 ?178‘—‘}.

2AEsE Aol A9 Qe Aol Zlse AuAY JFogdn B 4 vk <a¥ 2>
A+ Rr A AARL vEld RegA o]h Mc Cormick™, Salvendy® % Van Cott™¢]
2YPS 7122 3t AT YA EE &8 g o277A A 47ﬁa st RYo g
g#Esgch ol <ad 2>0M 9 ol WFERFE oA E AFE Distal Stimuli(A==)
olgt dn, A7k o]j g UXFE I FFo) w1 #FG 71&.9.i B 23 golgo] A},
ol $L47|71& T8 wolEd QIztel AAY = A AUAR WEAA AzZse THA
A g "9s7lE o AFsE MMSOAME @A AZriY 237, ANA7 F9
Tdojt} EARR Tol Aol Ak, Ak AHu A AJagle <2y 2>oX49 Zol F



BAZE AR AE,

TRESBELE

719 2 ¥kg-2] ] 717 Sub-systeml® UiE F on, oA

A HAolgt dZAN, 943 54U AR P, =

A E ool & AFHU 2ol

F19% 28408 1996F 12A 293

AZES]
A 543 &7 MMS9 Designel

Ongmai Sources

-+ Object, events & Environment / Other people / Man-made coded & Reploduced stlmuh

Sensing or receiving mechanism & devices
! | Indirect Direct
Sensing Sensing
Coding New or Converted ] :
(Conversion to new |« | distal stimuli |— I(Q,FD\I,Odﬁggg;
form) displays s
! !
Proximal Stimuli (energy)
_ + Light / Sound / Mechanical energy / Thennal energy / etc
Human sensory receptors Sensing
* Eyes / Ears / Nerve endings / Semi-circular canals / etc Sub-system
Perception
Detect Pattern Absolute judgement
Compare Recognition Identification - Memory
lnfonnat;'on
DIOCESSINE | | beeeeeeeeerersssssmsmsmmereseerssssssssnsreenes s mssnmeeneres s - Storage
sub- " Sub-
system Decision making system
Compute Select Adaptive processes «
Decide Response Timing & Times sharing
4
Response .
Sub-Is’;‘sltem Limbs ] | Posture I r Speech J
4 _
Speech & Mator Tesponse outpu’rs x
(Source Van Cott Mc Cormick and Gavrxel Salvendy~4 @Eﬂ A4 & %% E/‘]Q} .‘3’.‘2‘2—])
<ag 2> Azre FuALE AR (A3 YA &8 BHg7A)
m =4 4
1. A
Alz=dle] dEHte] A BE 1 Aojaste AZAG EAHE T F, AdA s



Nz BAL AYHSe gosn, WP 2ol BE 27|FGE 0o 8
N9 Laplace W37 UPN59 Laplace A8 2 29919 &4 flv
@79 §)e] AAE AL

fo
P
kS
©
e
=

gwdoz Ao AW <9 3>3 Ro] Y HAL, Aojak, Ao th4, Feed-Back &
& B2 UyolAn, AT A7} FE A AAROEAM FE $714d ARE olF:
MMS€ dhite] Aol NsdleR shebat AZe Aolasst Ha AAE Aol Bael Bk

[ { Disturbance ]

y
O Objective R Basement | Basement N OAction o Control | Operation . Control | Control -0

Value input element| Input -Sign element | Amount object
1 Amount
Feedback
Amoutt Feedback element

<Y 3> Black diagram®] AolA|2H

ol g Aol NagorAMe MMSE 2 Ao ¥eo we Uncompensated System,
Aided Control System, Quickened Control SystemoZ Y& 2th®  Uncompensated
System& Al2€ Ul3o] ol Wt gl A2¥e wain, Aided Control System& 7|7l
7} BB 7z} gaod By 22 Y] FE Feed-Forward SystemS 2} 8404
Feedback Compensation® #]F& A2 go|t},

3. MMS9 Aad4

3-1. 2zl AGYS

8 AAAZA A7te PSFeE BF dFed iy ge 2d2 deEde R
Ao Brsat} Qe S5k HYQAWG o) vHY, SHU, 8 WsE 7}
An] AAZE 259 2g4¥g wr} Bl o @ Ak FH Jsd HqFdE 1= A
24€ 7R Aojrlatm B & on, 2 AFe 573, ¥ £ ZYAHY AR 5o 9
HANME G Bl old P A2l Azke] AGHE[Hm(S)] dstdes B <
F7} "o} gon, 2 YEAY A7 2de ge 2@

7}. Ragazzini 549

Azte] A, Hm(S) = Ki(Kz + K3+ S + %) I )

Y, K, Ko K3 Kq @ 23209] Eg) FFolo, 4984 Laplace ¥5 S
t} 3} 4] (Polynomial) el Bl 2 EA|® T}

Ragazzini S0& Zzalel $9o] 933l wldyeln A ARHFHMS)E
Azl weh weE, £ AWE 542 AUn doke



TERBEEE H19% F408E 19965 128 295

Y. Phillips X9

Hm(S) = K (1 + Q_'_Sl_ e DS ®

= L.omm-o0

th D 2R AGAA, Ta: a7l AARF
Phillips& Step Function®] §%9l 7]|F& T3 U319 AGF+E AAST].

t}. Tustin .9

am(S) = K(I +_Ti~§)_ . e'DS ________________________ @

Phillips$} Tustin® @& uj4:3}4] 2]y} Phillipst& a+ STA -S) & Al Kl g,

Tustin® (1+Ta-S) ghol KelE 3 o] ztojo|r}, o] ¥rolx= Hyndman & Beach =49,
McRuer & Krendel 2d %59 F9 @47t lan, ogd AGHFER AT
A HHo g3 o]E2Eo] UE fAsA WET F Ue RES flFE AeE A9
|}

3-2. 717419 A%
Azl A el 7A@ AN2g]& FA5E Hardware A E &ujsin], A=A 9]
71A ASFFHAS)E 3t 2ol 2¥E

7b. FEAG Aol AAH]

Output 1.1, .. 1_%4
He(S) = "pypyt =X X g XX g = gn ®
v A QA o] Al 2]
AH(E) Wi &8
0utput=8-a”+6--§-a”_1+---+8-?,,1:a1 ®
=5 (antsan + = +S‘,f£1) SEE

e, a : n7}el tFEFE(i=1—n), § © ATEAN @EFEZS JEH,
g4 f(t)=19] Laplace ¥ gL o] &3l W f(s) = 1/s2 WPy

71A Aedee

a
He(S) = %;%—t = —é— ) -(a,,+—§a,,_1+---+ S,,l_l)

= s}_l (S”_lan+sn_2an_1+"'+(11)‘ ____________ ® el do.



o}, EAA ] A2
40 A28 t}F Feedhacke] HE 2 Sequential Equivalent Block Diagram$
a8 7VHA FakAY Bayesian Gain Formula©l €)3ste] A4lstd At

AP
11,11,
HAS) = 13 315 S 1
L+ butdr - bt B
@)

S+ Sy 4 o Shy
&, b : 079 23 R (i=1-n)
3-3. A" AG{g

ojEl AlA¥o]E MMSE Itd 7iAle 842 FEHAE <a¥ 473 B T
Equivalent open loop =¥ Closed loop?} "t}

(1) Open loop Systern”

@ Closedi;ifl_obp} -S.vster_r}.é._ : v

<ag 4> MMSE 571 E54%

<ag 4>9 ()elA ¢} 2] Open loop system® §7} Ao
Hs(S) = Hm(S) - Hd(S) ~  =——=——==——=——r——=—mmmm-
<y 4>9 (2)o] X9} o] Closed loop system® &7} €@

Hm(S) - HAS)
BS) =g - aas). ©

7hsim] R@F @I Hm(S)9 HoS)e 919 AeA degsio] Adstd A4 A2=d9
7t de@dsE 7€ 4+ ok



TR ast F19% 54088 19964 12H 297

V. MMS #7129 43

A= YHPN 3z g EH4159 Laplace V& vloln, ANF 9 =79 4ol g
gpoitt. EF Qe A A dF FHF AY 8420E AT EAHAY Rdo]
A 71edge EAgez AbE 4B A HEY £ ok, dEA A Ad54E
A & dEsE 7Pt AA}FEE HmdS)E star 21 AolAl2go] Closed loop systemo|
gt 7HAshE MMSE <27 5> 2t}

X(s)
+ Man Machine Y(S)
- 0 = Hm(S) T HAS)
T
v g Aoias AgAolas

<2¥ 5> Ay R uAgasE A TA A=Y

<2y 5>¢9 AAAN &Y AGHFE

Y(s)  Hmd(s) - Hc(s)

X(s)  I+Hmd(s) - Hc(s)

&, Hs(S) : Closed loop MMSel A o] Agdt4,
Hmd(S) : A8 8% Ao Agdd+,
HXS) : 71A9] dess

Hs(S) =

R @ ©F vasd 4T g AAT RO 9& FHE MMS H7HE+E o
d7lole BRAEE =7 @k weby oj2Fo2E @Y Y ¥} olFoiFer ¥
Aoty 3y HAAHOR Azbolit 7iAE JBH Q40 B IFE T=Th

T
Dm(S) | | Dc(S) |

X(s) O — Man - Machine Y(S)
Hmd(S) Hc(S)

<ad 6> 9 @E T MMSY EFAUE

<3 6>01M % o] Azt 7Al PIXE d#& 22 Dm(S), De(S)F 3, Al=H e

9 Y(S)=
Hmdl(s) «+ Hc(s) Hmd(s) <« Hc(s)
YOS = = i) Hes) X i Hmdes) - H(s) ©
HC(S) . DC(S) __________________________ @

1+Hmd(s) - He(s)



7t At 714 Hmd(S) - HXS) = ngl Fo] 23] 33

1
Y(S) = S) -k (S)HE : d . Del
(S) TTHelS) - Dol {Hmd(S) - H«(S)+X(S)+Hnd(S) « Ho(S)+Dmd(s)+Hc(s) » Dc(S)}
7 Dc(S) )
= ‘Y‘ ————— 4 IS )] ] e ———— ]
I {X(S) + I d('S)4 Dm(S)'} 2

&, Dm(S) : A F 9 4%, D(S) : 71AZe 9%

A @9} o] MMS2| H7F Models AAE 4 Urh

v.d4 &

MMSE Al2ge] Yool aFsE 7gdl v 2 A% Furt @AY, A} AE5
Hi dAFESFE AT d%HY Ao} 715E Edsle vFo| A asnz Az
Z1Ae] 23871 BEE A2|QE AASY] AT AT AAH - ZAA - HeH B4
A A0S Aol 5 & FE3] vebstd AMANoR dAsoof @) wEA AT 2ol
et A& AlAdle] AL 4= Hmd(S)9 HoS) WA Ztzt zta) 71A1e) Adssg
3t digistd MMS #7748 T8 ¢ A A0 J1ADY 28U BHYE ke A
ol e AARY d7IAHS(TA), HEAAF(TN, AQAAF(TL) Tl AL 2P &
A2l o]ldoq AXE AL 4E # 7] Wi FYEHNME 2829 ADo|S(Transfer
gain)o] #HAt},

a2y 2@ A e A7k A4S Hmd(S)e AR QA7 o&71A] EAe] ulegl @&k
7] & d&Ao] F-F3H, AT A% 37t AHE A2¥ oA izt v)F
FY=E F7ME T A H&o] Fold Ao Aztsd AojAxde AR YoE A
9 TEH 7IAY &S AHEEd doz MMSe 23 AHE #Fd e Hx: 478

+ g1& At

FaE 3

(1] o123, “AF 8", FAAL 1981, pp 4~5

(2] BHA 4, “Azk3 3", 8, G| & & A}, 1987, pp 3~12

(3] ol¥x= 929, AN-7| AN Frlo] FF AF, “hAAFF 3 A",
Vol.2, No.2, 1983, pp 11~16

(4] McCormick, E, "Human Factors in Engineering and Design”, 4th Ed, McGraw-Hill,
Inc, New York, 1976, pp 35

(5] Geyer. B. and C. Johnson, "Memory in Man and Machines”, General Electric Review,
Mar, Vol 60, No. 2, 1957

(6] Garrel Salvendy, "Handbook of Industrial Engineering”, John Wiley & Sons, Inc, 1982,
Ch. 6.1.7

{7] H. P. Van Cott and R.G. Kinkade, "Human Engineering Guide to Equipment Design”,
Rev. Ed, U. S. Government Printing Office, /washington D.C., 1972, pp 15



THESEGE £19%8 $£408 1996F 128 299

(8] vt3 4, Mz, pp 223~227

(9] Benjamin C. Kuo, "Automatic Control System”, 4th. Ed., Prentice-Hall, 1975, pp 73

[10] Gavriel Saluendy(Ed.), "Handbook of Industrial Engineering”, John Wiley & Sons, Inc.,
1982. Ch. 6.1.7.



