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CERSLIEIERE (Fly-ball governor)
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NAHEEATE;
4. AT IFEE I RGAUE R [T
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James Clerk Maxwell
(1831-1879)

Otto My, Meoowell 2nd tbe origizs of Cybemetics, [sis, 1971

Maxwell and the Origins of
Cybernetics

INTRODUCTION

INCE 1948, when Norbert Wiener wrote these words, James Clerk Maxwell
(1831-1879) has been widely celebrated as the father of the theory of automatic
control; in the cighty years prior to 1948, Maxwell's paper “On Governors'*? was almost
entircly ignored. This contrast in estimation has never been analyzed, probably because

... it is nevertheless true that modern systems engineers will find its language and
approach eminently congenial,.... Implicitly or explicitly, Maxwell had anticipated a
great deal of the conceptual framework of modern feedback control engineering.

By Ortto Mayr*

We have decided to call the entire field of con-
trol and communication theory, whether in the
machine or in the animal, by the name Cyber-
neties, which we form lrom the Greek yuBepviymns
or steersman. In choosing this term, we wish 10
recognize that the first significant paper on fead-
back mechanisms i3 an article on governors,
which was published by Clerk Maxwell in 1868,
and that governor is derived from a Latin cormap=
tion of jpaepriiTng.t

—NORBIRT WIENER

Fi— SEHFRAFEE (EULEY

E21 1948EFHMABEIF BN CyberneticsFi 27 T AT EHION Governor 183758

INIUANR B BRI R 18634, 1FAEBAS
R W2 W A AR E K 4 (British Association for
the Advancement of Science Committee on Electrical
Standards) # & R, % £H7FFH. C. Fleeming
Jenkin—A #AT T & WF ARG K I TAE, &
Y EZEMNLTO AR EE ALY RS,

A 2| T Fleeming JenkiniX #4983 8, £ &M F
st g2, B —F @, B4R, 1857
4, & FEMF L XL “On the Stability of the Motion of
Saturn's Rings” 3k 4%t Adams Prize, fei@idife £ 2
Mo FTAREMA, 73] —AMOHFETE, K

T A M AL . BT VAR R AS R 9 B R A
iRtk & AR R, TRk BH AEN TR,

TS B U A5 B B R AR T AR
IREBEA S e B, At R % B A
SEAE R, Puller B BN FZ 55 On
GovernoriX f 8 SR N 7 A LALE B Ol i)
RS, & O T 0 T/E . (A fbie
5 B R AE 7 AR AR A LA 97 S A FE B A 1
X ] A AR T R, AR R R IR
o FERFEM KR, WERHER AR e )
AR R S,
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S BRRAHT (E. ). Routh, 1831—
1907, SEEECFSR) T (18544F, J7HT
HR R LS S kgl T 8
H=—%k") .

18774, 55 Wi /5 B RHAE T FE T A AR
AT TR 22 W R B, Adolf
Hurwitz (1859—1919, 75 E f1H 40 %)
1895FFEHL A A X s, AT E
R A Routh-Hurwitz 14 o

18774 Adams Prize (32 vaifi = A PE
TARZR) WU EASFETER 4
(the criterion of dynamical stability) , 53l
AT T I, MRk T E e A B )
WA AR 51 S 2 T R A

24 A X A TR TR AT R B2
Augustin-Louis Cauchy, Charles Sturm#{IC.
HermiteSE NV K, RouthZifiz HiX
SRS T I R G E R,

RN SO AT R AR AR E
ST IR 25 R T RESH I A BAR S B
PR BT R B B R E A, (X
HIRAAIRRTII, LA BOR SRHIETT
FE A 2P AR i R G EME A B —
PHEETF B

1920 J5 2 U 20 2040, St das il
GO, AR RS AR
P ZPUR BRI LAY
RS S AT RN S EEE.
FE T AAIREE. H S il
BEE T RS T 2 A R 9 TR,
Fralg— i ZR IO NS &, i B 30
R E M PR O SORTE S RS
ZASRERIRA) RS AR 5

—p— (T
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HESR, XM EEE R - Bz HE 5ok NS
MBS RGN, = B BN
Mr S5 ITiE . ME—AT B34 TR H2 5 77 R
HIEAKT A N R Routh-Hurwitz A8 5E VEFIAE, (H R ]
XN HRT LR AR S HUE, 1 HME LAYy S iz
T ARG RE R HIER

—SEER B TR a0 Elmer Sperry (1860—1930, ZE[H
KR Al 5) G = B0 NG T4 i W BRI 2
Bt R T 545 (On-off Approach) , T /24r&ic M 11
W Mk sz BAnE i DUCS AR 82
P 22 I BEA T /NI FE R ABAR R T 55078, TIONAESRaH e
KR e il ——PIDIR G 45 & B g a8 ——
(AR Bh 23, A i & B PID R i 85 o

19224F, Nicholas Minorsky (1885—1970, & [EF13EF T
W, N HEREER) WHELS BT AT AR E S
N E SRR, S T PIDR IR

Minorsky ¥4 it F 21725 3 0 1 77 TA) B2 e 1 R 80H 1F 8))
AATIAIA

Ad=—Bda—kp+D, (7)

Hrboa il S48 EATL B M2, ATIBS BN #E S5
A N RE, DNEEISIE, p i, 2&n
PARTFHIHE SR, IOREE a8 R A UM RIEAAAETR /N
WRESIRE, thaidm “krzEBr TH” fER, K
I, Minorsky % RERIFE 6 AIEUE . AR EICSIDR,
{0 EACAE e 2 p AL I i ZE s U B2 b AT T 5B ASTR]
ERE T S S T B (A NE I B Y73 1 N W

,(i=mla+n1d+p1dy ml?‘-'o; n1¢0; pliﬂ (8)

SRR, FTLAERAEILSN T, KR 25 ad e Mg i )
Fo M (8) ML ERIAHLE :

p= n1a+m1f;adt+p]d, ©)
Bl A Z= [ Proportional (Hoff]) —Integral (Bl4y) —

Derivative (fi{4) (PID) —Ii#Eiilad (ang22) .
PIDAZ &4 b 5 B &7 269 —FP 354 ik, B A195%
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VA b it 2 35 ) ©) 35 F090% VA B89 AL E AR K 35 B =) AR AR R R T
PID#£ 4], 20174 EF A 345 4] B2 44 (International Federation of
Automatic Control, IFAC) &) T & 5 &5t T KILK 34T T A
H, E+ILAEH G EY, PIDRAE X B4 (RL£43F) ¥4
SRHETHE (LE23) "o L RPIDIEH &6 254 3% f £,
ARG L0 WH- BT ZREKRIEEHZ (B
24), W EFRAGILFAZIELR MG, W LR EkEiRAFETE
FRA GBI HIBATZ P, AR A H 69 &KMLM PID A5 H) 4 4+
LZRRAEEIRF T ZR R TIEERTH AL, ©OEEL A2 A
4? B BARPID RA ZALY, 12 2APIDAL G keH LF4,
HAZIENR, I FARRIAA LR F 69 K3 HPIDIE 4 = 3%
IR A BT 0 TAE RS, AR 2 Ao AT AL B A A &
B RR? XRETUAHAEFE LT REARGEME, —F 55 %—
HOX AR B VRIFE Ao X — LR AT — R R i
J, [19]20]1%PID4z 4 69 S iz e ok T b @ &, mid it AF 7 LA
B #kd54] (Active Disturbance Rejection Control, ADRC) ' #4 B4k
% X 5PIDIE# 69 A AR R, —F TALPIDEA A L5k ) 4937 49
EFIR AT R — TR B R, #ePIDA A G A2 HADRCE
Ak, FRALANES A0, 12 L4325k 2p tLRPID &G = A
LB IR T Y T EZ (WwB25) .

20t 2020~404 4K, 4R H RGMr H I BB FAEAN R 52 1Y
AEVNHASZ AT, R, &AWL T/EEER A T L
TV A

AR DURSEEE % (AT&T Bell Labs) HY LRI LA R}
R, RIBHEE RS ST ST

WEEE AT 3K 50, (Harold Stephen Black, 1898-1983, 35 [ Hi < L.
FRIT) AE19274F & B S S R A it ( “f it (feedback) ™ —
TP ER AT .

FRMFUREE, BEE ORI B, Erh B s Oy
AIRE. FEEIEIN, FMEERUREIGIN. A TG R, FHEM

| BRI B RN ERRARFRAMBREMRR T 0L ERIRE, EX
RFT1998F, MFHEPIDEHEM LAISIHT, ERANSEHEMEMSREAIESIE
Rrttge, WSIEMRMSNXTE, EXRN—TIRRAEECCENRERELNT
HE RS B,

e

(T

B22 Minorsky AIBiE 47 7S
B, S H 7 PIDEH
=

B39%% % 9931370

E23 2017FIFACT I ERLY
TAARIURSTTRE, PIDLL
fEat s EFEE"

RREEN" EN-RE-0ET GRENG
R YT ——r e —— T i

* EHRRNAFERENNN R o i F e s 2
= FOPERFNLETN
- L

ri B A FRINRRRR LR

E24 PIDZHIRE: RFRER
“LEBI-FRD 5" SHERIREN
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H (ADRC) Irom, S o 50 voltn amned whoss moduliiion peeduces
i : 1 design aeek v
¥ i U AL i i
Fin ABHE

_— | we—————uilii}

= P dhs i | Lg i LY

e rer—
i G | s el 8 Mo = AT

B
PRy Tt R » repENTEE

iy g
gt

asin S 08 pasIERPIDES

e B & B Lt e, ey e, B

FLARBA I A B IO #0920 (RO AR o2, ARL
P DAROWR P 1 R A BB . 1920487 )5, UK IR E & U TT &
KPE B IS B — B AR

AR T AR AT&TH TR, MERAR T T IX R, bk
W B9 870 SRR e A0 3 TR A 5P S A5 1l A, ol ] LA
N TS S BRI R (WLE26) .

IR Y SR TU R 3004 7 i AT 132411 A & B 92 3R

BRI I TR | RS
FEIHIRRM R IREFRAAE, 7 R (fecdback) 7 — | simrmsenn3. o esm e

SR L 2kt P JEAEAT 3 75 W8 0 S A SR
XTHEFLGEIANKN, AMKREERENHF: 1927F
8H2R8, ¥ & L P AEHudson T 49 JF At Lackawanna Ferry £ #
K=, BRTEBEMNARAS LARATZEZ NN ARMHAKRE,
BT FREASENRK, REIANAZBRRET —AYRLE,
TR T RA — B 25t 09 X B RAEAT&T 89 4% £ 48 2072,
(Z: Z8AGH 8 L3t f, AR ALAEMEFRA L R —
etk LB T £imegidE (LAE27) ) .
PBRLEATIEIANRL—I, HELFERE Y T6HF. 1921
5, BlackH b T4 L5 E (Worcester Polytechnic Institute)
G5 NREIHE I, EAFA, WA LRATRSWT BN
Y FREHNTRENG A, ZAAE LWNBINNIT2FRER
T AT AE R K 3577 VA B BRAL R el SRR L K AWt 3 F 224, T
R, R RALIR I, L T, 2ERYmy Bk
RIS TRT Y. TR, R E, 08 Kk b
a9 B 1) B i T BT A AR R B 69 X T AE & R @ A9 A A A RN 8] B
AT, BAFNIL-FAN AL REFREE LA ZRL—ANEAH &R
BRA9AR KRB, ANAKRBRMEITTILEFREHHRZE, 4K

26 BlackiRHHIGRIRIARS
HitRE
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[2] The concept of Ihe negalive
feedback ampliler came to Black
“in & flash" on Auvgust 2, 1927,
while he was fraveling to work on
the flerry. He skotched these
aquations and block dlagram on 3
page of The New York Times,

It Quitput
—_— —_—
B I J

Outout o
Ap =
Iroyt 1=pid

VERDAY. AUGUSE & 102

N
az-@w).m-rqxr. |
!
|
=

r. BE= Ku(ReR) FGR. ]
AE e T -“. .
_E_: k’ﬁ Mj/ o

E27 BlackfaRIRMARRAIRERB T LHHRPRIRIE—I,

T192758 A28 L3Esk Loy b —,

T I 7 A5 i 1) 2 1 381 L S o ) P i S
G 7T — B e e g K ki

KT W/ANEE (BRZE) 51N R
B, AR REL tH M (Singing/
Oscillating) TAEFFAFE™ (IR : RS
= ﬂ%‘ﬁiﬂiﬁi%%ﬁﬁ‘:’lm) XX R E T
22 U Y W o B AR R TR, (HX

REMSFHEOARE R GEFEILTiE
it i#E) , Routh-Hurwitz HIHRIRMEFA 5B

Pl DUR TG L8 = A JEAS TREIIRIRL 2 T T
U RE MR IEIN, (Frequency Response) FIZ S
RIS AT, KR TR RS S
T

QB EICREF LALRHR P

SRR i Y A B R L SR A /2 W
%~ LIS Zid RIFECH VBRI r i e 0 52
FIBA S A BRI AR 217, Kt
AWy WH - 28248 (Harry Nyquist, 1889—
1976) FI=E T - {88 (Hendrik Bode, 1905—
1982) .

Nyquist1917 45875 HE & K 22 Py B2 il 27
7, 1917—19344F 5 HH TAT&T, 19284F, Nyquist
5 AT&T [ H Al — 2 TR U — k55 40 3 o 7 3+
AP A7 S B BOR A T — Rl Y SR (E R o
T AR RS T, FE R AR b
ST OA TET A AR B ERE MR —
NyquisteH 45", Nyquise| 4 7] LLE 248 5 anfa 7
B R afaE™ (WE28) .

e




Bode1926 1G22 K% (Ohio State
University) 715760, S8 )5 R S
%, WIRSCT1935F B EHE LK (Columbia
University) YPR1E 2507, 19284, fEH X —
T ) [ il FL 50845 R A, Bodetty 4 —2H 44
M TS RE T 43 B Black UK #% ﬁEﬂfﬁQE§éﬁtQ
Wit
Between Attenuation and Phase in Feedback Amplifier
rhE— 2B R T RIS Bode A R
AR /AR ALAR S RN RUE PR R T S s 4t
K& EITE, T KRG a5 o AR R
KARM (WE29) .

Z 8P, Bodefdn T &4tlads 4l & agAF
H, At A5 AR 6 & S0 21944 5 69 2 5T LB AL
(Battle of Anzio) #ni# Z JK AT B4R L 4E TR X

\ /J\
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XK, A AEFRRS 2 EEHHER
Bodek#/)5, 19894 IEEE##| & %¥4 (IEEE
Control System Society, IEEE CSS) # s£Bode
Lecture Prize Ak 3t d5 4] 2 oA F Ao THRME R
BRI A 20195 F BAF IR LI=H EEE
BEFFRE "WAEALEEIEH. RAHIR. A
ERAE T AT AR SRR A R AR B AR R
PEAe SEERPETT R 4% T Bode Lecture Prize, 2%
¥ F 3000k, FE AR FAEA P H 12Kk
FAES (LE30) .

DU/RSE56 28 1 TR T LAK A2 5 A1 BA ) X 28
TAERL R BTSRG0T 5T s 7
Zio

BRGSO % B A R
il AR A e 5 ORI 8 — 73, 8RAET™

RN . MR I —BEFEs EBREF  ZNH M7 IR AR I A B R 5 07 B
K
G{ﬂ(‘.’[s‘] = m(k > o,ﬂ = l],b = 0,: = l])
& Hepquint Diagram
e — m s _,-o——'——-._ "E
: \ go N
E Q ; o ‘%\» ]
TN / 128 Nyquist?Esfitsl F@sr 7 —NSEATHE
_ I | EETEEREEIE—NyquistiREHIE
100 Bnchmaw.n
o | s )
5 o
18 : :
E-:.‘.s - = _,——r——-,__\_m :
g y—— g 6y E129 BodeH: BESSRAVIRIEIEE/
g i S ] ARSI R
10 1! o 1 G o e
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E30 201954 ERNZRAGEHESLREDBERLT
#EFBode Lecture Prize (GBS ABERLT, £—
E—5 381952018, 2019 IEEE CSS¥EEFrancesco
Bullo##Z#Robert R. Bitmead##% )

Mo, BRI ARSI S0 BT 1 ) SRR O ETS

RAHISHT S, B A EEFER, B4 STl

BEM ARG PSRN, BR | - ommsri RASEAK AEERNSEEN, . 8578

GIARGEN RS, —MEOBRERERT |

FEAFRUEISS, ERHIPGE. W 5T | moww 09 s oo e, mosesmsn)

e 55T LU S R AR L B T L i i m——

e T RE M R 25 U5 7 Bode A R 7 R

FBHIB S TR AT RO, WO (L | e e

1) | RS —ERRERER
B AR SE E R Tl 4t . 201 2030— M- SERTELTEN (UME)

404E AR, SEE AR Tl g TARITFIR2 5T 06 E31 EHRRSIER LB $s75 A=A

RGN NI RAZ S R G 8it Irik, — Mk BE&EHTHTSRIT
PETAER J. G. ZieglerflIN. B.NicholsTF 19424F 2 Hi )
PUNPIDIE i I S ETT 5, JA RN Ziegler-
Nichols i3k,
B =R FE T2 b (MIT) BYHF L
FER, B TR TR RN, B TEd R g
o
1930s, Vannevar BushfEMITH7 4 Harold Hazen,

| e |



Gordon Brownf]Claude Shannoni%it T 44 5 FEls
FUTEN] (the Differential Analyzer) (U1E32) , M
Ml LA s A RS EY. HJ5, Harold Hazen
1 Gordon Brown4iii-5: {1/ NH A AL T SALEEA T
T RE R E

XTHEHFRGITEING AZXR I ERE
HAERNEAELINBROTERIIILK, T
ALK EREAH. BR, AAEHEHFER
SAMAFHRFEN, TRERTEIGEL, Rhd
WAFH b B F AN ZRA—THEMNG AN TR
Mo AT AEMBE ARG L, THEIGLE
BEHARPCEEBEREEABETZNER, T
AL F RSP AR R 20 A, KRN
ACZAKRFHPRIPH—ATEHY, THEM
AR TN ALLLE T

® TUABRB AT RLERA R, LAY
B fo g B 75 kR R R RAE AR
JEF B ST 6 Y L L B b S B

@ WIEEH H AN TR TF R, S IER AT
HAKRMRIR, FRERORFAALS, B4R
89 336 AT F B AR R AR e P AR, SRR
8t Ay A TR ARIEESR T AN TR T K.
tbde, EMR TAEFARLHG ATHEN, RE
WESMBERELEEZESCRXETEHBEARARFE
& &FP My B B AF L R A Bah S Ay L HRAE.
B, BRAVLH B % HE 5 M N LR AL
FLZ 5 EAR

R, BT BRI R

TR R R T R TAE SRR LR
FE R IR, 5 B A — > SR T 23 v B e 7 R
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The dilfereatial asalyzcr.

E32 Mo TSR EN

4t (Aiming of Anti-aircraft Guns) o X —ME 4%
H TR, 7528 58 R 2 0 %A T AR TR TR
KATHARRIALE . KRS — R YIS E. AT
FEMIXMMES, TR EIBREEARSA (Automatic
Tracking Radar System) E#55F1H+81 (Gun
Director) FFEZ 54 KA EIEHIEF (Gun Position
Controller) fHi%E. AUt, FEEGEH T BRI,
ML DL S A5 T T Y TR AR A R G
TIPMERTE X — RS, WSCR-584 HiL RS
(SCR-584 Radar System) HMITE kS5 =
i, M9 G544 (M9 Director) I gy DI/R 52
15284 C. A, Lovell, D. B. Parkinson, Bode, R. C.
Blackman, Claude ShannonZ AR (MLE33) o iX
YU AR, XD REAE19445F6 H—8H
T 2R e R A FE V-1 O 2 2R B PR T
RS, 9% T THV-Uk
V-1 g2 58— D AR B sh ikl ds
JETH® (the First Operational Robot Bomb) , K47

22018578, ALIKBIEESERIFELETAHET R ‘BREHRA" WEEERE, Hb
BNBEITEAUWEHNEA, BIFIHEILEERNRRZ, REEREFUNEERERNEZAXNA
B, EATE “BRATAIrobotiRAFIRARE! 7 o XBIErobotBIEMMNBAUFHEAREE, BT TF
H, robotERX EEEFIEENAINLEE (A Mechanism that can Move Automatically ) .

e
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B33 MITEIAZIM=FHIESCR-584 T|ixE% (£ ) Y, /RSCIG=H
HIFIMO $81EIX () ¥

PR ELS A, AR SR 1944
TERIE = HOAA A 2 B S LE S B T 0 (the
Beginning of the First Battle of the Robots) : H{SCR-
584 FiA. MY HH R WEHE K E shiE bl
RERFH A HE]MF (the Proximity Fuze) HJVT
(Variable Time) robot5V-1 robotfJHi 4",

i E, SMpsHlBARBEARE LT, B
FhEE 0T B AN el Ra ik it ik, F8A
Ao JT IR B R RHEAR . LLA B THI ]
B AR 2 S e bn Rk RGP RERY I
BT, LG TE R MR/ A ALK R LA A AR
B B P Je o RAT NI, A N E NI
WO, WA LAEM T # RS SEAT o,
TR TR TS 4 RN TSN T YR A R R
gkt L e

o 4 H R O 7 2 A ol [ ) 22 A s N A1 T3k
—HRE:

1o W LR A TR N 3 o 19 3 4 B Bl A —
B TAERE, #A RS0 H M RE AR 24888k
SCHITHITERE , TAE T EA R A REAR i Hh P ] T
(e

2. TR A AR A s B AR T %

B ATUH R T 3R I 357 35 A 2 LA SE X
i, TSR RSB B LRI T o

3. BT ZAMEATE T BRI TIPS R IK
e R, oA, Sbr REEeIELttny, W
A RENSE, SRR EEATEE,
i O 2R W Y R e AR AR 2t AR v o 2
RGBT R A

TR B A S e sl ek
AN LRSI

1940—19454F54E N, EEEPIMHRZE RS
K#3EE (Fire Control Division, National Defense
Research Committee) — 3L T 8093 H
LB H R R R —1 ($1.5million) 2
DURSES 2 M-8 15180, &/ iy—71
BUH ($2325) JRL54E9N09 “HHE AR AR

(How to Predict Flight Patterns) ~ P9 44l M5

MURGE A AT " BARZEN I T H 55
FAREIEMT PR, B TARRE 25 8
FHRR FRES BE WA Wl A3RF
M. FMFIEDY (Feedback, Information, Control,
Input, Output, Stability, Homeostasis, Prediction, and

Filtering) &A™, I 4137 Cybernetics (1948

e
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R T Cybernetics IXARZAEY (WE34) ) o 4ENH
Cybernetics“# Ui BE A HLE B MR & s 6l &, f

EEIIBR S, WEANLERE, N SHENE, % CYBERNETICS
LA AN LA AHUBEAL o Cybernetics £ 38 J5, 5 L4k COMMUNIEATION

I THE ABMIMAL

PN R A E PR, WA T TR B ]
AW DR ERS. ¥ BORSNEAUIE IR bty ]

# % KGRk A 44 89 Cybernetics 1 B iZ #13F &, “ 454
w7, AP L (JLE34) 37T A Cybernetics B A 35 4]
B AR LS S T4, BIERIEH B RIRT P4 e s e ne v
B, AN AT AR, LA AN L 8 I
Cybernetics 3 52 8 1% 89 30— A A 4% o

195448, ERe AR (1911-2000) BLAHI B 50 S B4 SHFECybemetics
(Control and Guidance) ZFHK LR REUY N HE 5, &
FHEERT BAELZEEERARR TRES2 (Engineering
Cybernetics) ™ (WLIE35) o 1215 /@ Earin e 55 B I ER
TEFE T A s E i B SR IRk 26 B IS T 58 ik

194555 H , B2 RIMAEE B LR 22 G A, R
FEPEEIA . K EORI & RGO, EE ATk A
RA IR 6 S 6 S EEE . 19504E 2 )5, Y AE N
RIEEMICE RS S ERRERE, RS2 ARE A
R EIX IS, ST TR

B ARy 5 R B DR S H 09 2 A8 S A 5
FTHAK “THRESLEE (Engineering Practice) ” [ “ LFERl
(Engineering Science) ~ , DAHEIRATATAE AR 7 [ 1 R 5
FEE R Ge 77 OSSR, T AT REZE HA R (Rl
ARGRIHTITE, FHERH. BRI ET R, Bt
SRECEEN T TR R E S, ORI R RS HE Y
B2 T LA 5 R SR T [ A8 T A T P A A T ) B
FEAE,

19554F, S EBUNS ), R4 T REHE .
MEE S, MO TR ERCSI R R, %I
EEIRA TR EN AR 19564F, B2 Ha R
() — LRI GE AT LA R AU 5 R A RIS R 2 S AR TR 27 2R
PR CTREENET WY, 19624F, FEERFEANET, &

ENGINEERING CYRERNETICE

¢

el

1y e i

B35 $kFFmArEEngineering Cybernetics
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HE RS E P EAS ILAF R EE 8, R
MR PO E R ER R E (R E RSB
REHEWHEMALEENS) , SFERREENE
Tl E R AT B R R AT, AR 40 P &8 1
BE R oE N BRI 2L TAE. X 2R & F
MR FIEIS A R B AL, SO T AR
][5 A ot B AR IR 55 5 A0 H B HE )3 S AR i B
521
ARG I SIS
W A R B & g B B A2 B P K A 3R
HIHESh: —REIFREIE, AT IHEN
WL, ATRASERE Z2m it BRI S R g EY .
M RAT 55 75 B FE il Tk T RN = KAT AR Y &
& (Launching) « #l3) (Maneuvering) . il &
(Guidance) MHEREE (Tracking) ZE[R[#E, X4
0] ) e U2 P BASEAL W] DL —H — B o9 )7 12
(GeMEaARdett) ik, HtEMm A FEFR
RIS R L B (L) H TR
o HUBELR, TREREBREEREEY.
MR RB L UENERHREE RE T .
ElsfRnid il RE R U AR, EEAI
Gl REE, wokeh. eEkE RS, A
ElEE PATHIE —ARRY, &6 H ARt b
Lo TR IR 6 R iR MR E 6 Rac S E
R15%, CATESIARESM. A=
W thE e (WE36) o Xf T B 584 il &
GEARHRMEL, SHMARITHEY TS, 5T
JC G SRR I B N A% s (5 5 AL B, DASKE I YR
PR L AT A AE AT YRS FOIRS (2B #
FE A MEESE) 5 ST RGN T4 H T
WIBhte S, s AT B AT 55 S )
HEYET RATIRAS TR Z AR 15 o CEFE N
LIRS, R, BREE AR SEI AR BT AN
RREHEN; BEN R e RAR S

%

| T T —6— (T

it ARG AERY Y /T ITIRESHIH & RE R Iz
R T s R TS (EI37)

WL RAT: 55 89 75 5K 5 743l 7 BRI 3 e
WA e, DURE BN PR BT <6 B i)
KAB SRR 7R 2 38 P A A 2 B i BRI
B = AR TAE. 19485 —19524F, DIJRE
(Richard Bellman, 1920—1984) #£ %78/ i (Rand
Corporation) U H8TAE, MAENFFTME S50
FHLUSB BRI i fE A, SR T &
bt JEFE (Principle of Optimality) ” A1 “ZhZM
ialj (Dynamic Programming) 7oy %##E]Eﬁ
(Lev Semenovich Pontryagin, 1908—1988) 127k
Br o MK VATESBR T R ERIEER AN, R
Gk REIR VY T — S At SR a0 P ) 5 S s
Fefm /04, Pontryagin 19564F i Hi IO (E HLZ
KT X FHAAH R FE S E A . Kalmanjg i
T2 MHT A M 7 DA K AS 58 4 Wt A 5 R 4 B
FE S — M B, Kalman P FIH2 H IR
ZERAEE, EF19604E, /K2 (Rudolf Emil
Kalman, 1930—2016) J7[AINASA AmesffF5¢HuD,
H 5 Kalman g 55 D 08 BT 27 80 A 14 Hh A5 LA
Eﬂgjﬁﬁlo

SCHR (A IRAR 1 1 EE R () R AR 19564F
AL 1 B g s A T — Ik B 3G E bR 2
W, MEEERWEARE DIRRESMT 21U
o b, —SRFEE WSS — DN E ALk S H
I &, 21957429 A 78 B EOE X s Sr
H bk E szl B A2 (IFAC) , HiARBEHIE T
19604 F AL BT FBF A T 5 —IRIFACH R K 2. B
I, A A19604F 55— HIFACTH FUR 1Y H I
VERBLAEE SIS E R — D HEEAR R [FACKE
— A PLE R AL N H R s B B 2R,
FE A A Il 51 B, Bt AR AR E R eI A 5 —
JRIFACHEF 2 A 51

e
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E36 MK HMTESEEFESH. WS
EH =885 5Tk

196046.27—7.2, Z81JRIFACH Bk F 5 ity
BHETF, 2915004 ¥ il TR RIRL 4 5 5 B s iy
B, & EA28SRILICHT TR, Azaiz
e, e
* Boltyanski, Gamkrelidze, Mishchenko, and
Pontryagin: “The Maximum Principle in the
Theory of Optimal Processes of Control”
* R. Bellman and R. Kalaba:” Dynamic Program
and Feedback Control”
* R.E.Kalman, “On the General Theory of
Control Systems”
o, IFACHSUR A3 48—k, 19994
4RIFACH FUR ARt T
BB K, REEEA—RA2RRA
LY R AR A — N F AR B A R F R T
BAS, TREFZAFALAHEL. A2 E
iR = 5 TAE AR A AR 24 2 e R A T4,
RBAFTAERNFE A G R, JLHFT,
i JAR A% ] T A XL+ LA R A
iF, 2017 F B L LTEFF AN “HFEE
MR ABB#—RROES, BE TR, T
MARBEAL, H&ZAF, BRI A TEIANLTHF
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E R BESRRR RN EaENR

- TR =] Wi
(——(mma [ —oun——(wGwe| | wone |S—
[omm — |

BN
0 B R S a0

E37 S, HSMEHSERRASERKRT
ESPSIVE S

A FEAA T ARE IR, BHRMR, Kalmanik
KB IFH R T T ALK FALAR L L0945 &AL P9
R, AR 3R R R R R AR SR
TR HEAX . B, RIEEIST FA4 #
FhiEHR X R, XK EMETHEFRAEME
A& L L by dadl B A, WA RIS PR
BRI S, BpARA I &0 I e b 6] N 45 A 09
MR PP, TARAREHBRERTHELE
X TR ARG TES, 2t iad L e
AR KA, RAAUPID A £ 6 Z
EHBRE L5, MAKREH ELEZA XA R
FeE R L ] 9 A6 2 XA R KR
XREZEMNREL (LE38) . @RI A
PRI B W BRI Fe e T AR A= H) B bAZ 8 42
PR WML Fo LA B 69 Tk, AR R AR AR
M ERBETIARERS T R EHRE, EAAE
PID#z 4 b Loy 437, ARKEHTEEFEEA
THREAMTMR S AAIE ATE G AT, R
BARE — b g9k b w s r Y m kR R
JE, WF IR L E TR 2] 2 6958

E DAL E | d A R R SR,
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ZBNTIRLE A e? FH CHY LRz 2 :
L IR AN T PR S B R R R e
22 e E R G AT B s AR E TR T

mti=siEe:
* T (IR AT
* TSR IUMAISHOTAIME, PIDREISAOMBIE

VRS2 BT S A AR EE RS | e soems |
R RIRE; T, ARG | (S anee

1 p— T o |
NGBS 5 7 o Rl b | ——( o9 — | — oo el |

R LB AR M TR T R R SR A, | Ty

i e —— e
FRAEHFIL R B TR —R | [wois: it |
GUMERHE SN o R, 42 T P B 50 B2 of 5 R S —
— JESS v Eﬁmﬂ
BRI, X BT F S ) (R B AT BB T % e ———

AE G 3 A A e ) AP 3o i R R Y T
Fe E38 MAEHIRICIHRE T ERBE X TEHIARATEE

W — RIS, Jer 005, 2018

Norbert Wiener (1594-1964)
American mathematician

and philosopher

Edward John Routh
(183]1-1907)
English mathematician

¢! Cornelis Jacobszoon Drebbel
E (1572 - 1633)

W Dutch inventor.

Dutch mathematician,
astrosomer, pbysicist and
horologist

I!: English natural philesopher,
| architect and pobrmath

George Biddell Airy

oz (1801 -1892)
English mathematician
and astromomer

James Clerk Maxwell
(1831 -1879)

Scottish physicist and
mathematician

1854-1873, {EREGME)

Russian American sugineer

" and applied scientist

Harold Stephen Black
(1898-1983)

American electrical engineer
g 1921-1927: feedback amplifiers

Harry Nyquist (1889 - 1976)

Swedish-born  American
electronic engineer

Hendrik Wade Bode (1905

-
> Aslul!i.r:l engineer, inventor and
- sclentist

James Watt (1736 -181%) Elmer Ambrose Sperry r $R505% (1911-2009)

RE (1860 — 1930) b S
Scoftish mventor and SR 2 d 1 = PEESMNYE, §
h“‘ilitil 3 . erican mvenfor am .. -y ih*mk
1763-1788: KHAEIERES entreprenear L
Christiaan Huygens — - :
(1619 - 1695 ) Nicelas Minorsky (1585 - 1970) Richard Bellman(1920-1954)

o American applied
mathematician

: Semenovich Pootryagin
1908-1988)
[Soviet mathematician

W Rudolf Ensil Kalman
(19302016}

American electrical
engineer, mathematician,
and imventor
“Wikipedia/- '] KE 17 F
-httpy/mathshistory.st-
andrews.ac.ukk/PictDispl
ay/Ponirvagin. himi

-1982)

W— PERZRAFRE (=)

E39 FTEMEAME, WMIHFEERR (AIERKERLE)
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