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1.1 Bahizhl2RESE

(1) EHOERSHREHARER
(1900£ELARD)

[ T
2)EBLUARZE S R THS & 2K S EEEEE (1005E)
oQ

/A -
[ S == =

G REEEIIKEES, W EMNEEER Y

(FiR,1325F)

(6) ZEME). Watt IR OEIERR=HIZISHAYER (17884)

(7) |E). C. Maxwell’ZF “iCiEiESE" (On Governors)it
3Z(1868£F)

Watt's fiyball
governor.

1 #ig——BaMtRIBESERFE

1.1 BalEfRRESE
1.2 BaERlEEMR

1.3 —AGlF: B

(O)rhE, REHMBLLeEMEITES
(1400B.C. ~1100B.C.), #MEE (FhFEX)
(600B.C.)

[ipieiopa

(1)ERBER, FkERHERTTEGRHRANSHIIE
(300B.C.)

(5) FREIBHENEFRE (KIH
) icHAREFEHRAE(CNCOR
RSB (163745F)

(8) HEE.J. RouthFZIZ7Routh##E(Routh-Hurwitz Stability Criteria) (1875%F)

() EEAM. Lyapunovi i3 “iCIEsREMR—RRIDE" (18924F)

(10) ZEEJ. M. GrayiZiHHEE—E2 ARSI/ "FH" S (Great
Eastern) (1866£E)




(1)HAESES&ITRRESE—E
EiSAR "HiE" S(L20m,
25T, 10km/hr)ERKRZER
FRT7K(1866), iR, HRESE
—REARRABICEISAIRR “fES”
S TSR K.

&

12 T2(62mx10m), 392
5337, 600THEK, &iE9I]

2 I BTHA (The Pre—classical Period) (1900-1935)

(1) EEFE5(Ford Motor)iSERAH
B ERSERALRKZ1913)

(2) ZEEIN. MinorskyifEH FAFBR
PRZSIRRYARREENS, REPIDIET]
Fi%(1922)

(3) EEMITHVannevar BushEfiHIRESE— & ABUELLTEM
Differential Analyzer)(1928)

(5) SEEE. SperrybARC. Masonffiflt K iaishlzS
(1925), SERIEEHIZE(1929)

(4) EERYH. HazenRFR “KFEARGIFEIL” (Theory of
Servome-chanism) (1934), FHEMITEIZ(E@RNIGZCIEE

(Servomechanism Laboratory) (1939)

H. Hazen

(2) Bii=HEICHERMIA

L PR I E R

1. gt AR S
KRR EES

2. BRI

3. RRGHER

s BREEHER

(4) SEEH.S. Blackd@ihi KRR HRERI A 1575 1%
(Negative Feedback Amplifier) (1927)

22 814wl (Classical Control) (1935-1950)

*l)ilﬂmfﬂiﬁﬁiﬂgmmss), MR

Nyquist(1940)}2 SRR NI B3 B

Nichols

(2) EE Taylor{{ZE 2 EYJ. G. ZieglerFlIN.
B. NicholsiRH PIDS#RIRAERAEEE(1942) 8.4

K3) EEMITRIN. Wiener FFSEREHITIRMTEN (1942), 1BHE Wieneril
BB 1942), RIE (EHNE) (Cybernetics)—F1948), IrEEIEH
ICERAEAE,

N. Wiener, shown
here in 1954 with
Yuk Wing Lee
(lefi) and Amar G.
Bose, discussing
an aspect of
statistical
communication
theory

N. Wiener

I
(5) WEA. M. TurincfRHERITEHANZAR(1937)

(6) EM/REIEEBode MSANIBIZH RRHAFK DAEAIIERIC.
ShannoniZtHAEEESZIERNILIRIL(1938), B, REREE (&
(SAYEI=FIBIC) (The Mathematical Theory of Communication),
EET(ERIChYEL(1948)




(7) MIT Radiation LaboratoryfEfff5SCR-
S84F/IXIEHIRFRYITEA, BJIZT Nichols
Chart Design Method, R. S. PhilipsfTAE
On Noise in Servomechanisms, AR
Hurwicz (1947)BYEIEHI S (Sampled q
Data System) ;

% (8) ZEEW. Evansi2 RN (Root Locus Method) (1948),

VA AL IR R IR AOEHISHITR R TESS .

) EFBEXRFRTHIPHFZAZERBHLR, S5
Ed. S. SmithfAutomatic Control Engineering (1942),
H. BodefiNetwork Analysis and Feedback Amplifier(1945),

L.A. MacCollf§Fundamental Theory of Servomechanisms
ass), PAREEZTERY (TIEIEFNL) (Engineering Cybernetics)
(1954)

(1) ZFBEL.S. PontryaginZ3e “R{CIIIEEIFTE
it" . IRHEIRKERIEMaximum Principle)(1956) Il

(2) EER. Bellman{E
RAND Coporation&{
FEPRIST, &R
EBHBIDynamic

Programming, 337

ERiEFInERk9s7)

(3) ElFBEaHEHBX A S (FAC)REIL(1957), FEARERZ—, $—
BEARENFEREBF1960)

I
(5) tHRBE—EIA SR P £ (Sputnik) B EAZITREIN (1957)

1957. Laika. Sputnik 2

Sputnik 1 was the first artificial satellite launched into space

*(;) ZEERGFFIAR. E. KalmanZ&ZZE “On the

(8) THEATRTI- 1 STEREEMMFHEANSEIRBEEME, A
KFMBIFRT (1961)

1961, at the age of 27,
Gagarin left the earth.
It was April the 12th,
9.07 Moscow time
(launch-site, Baikonur).
108 minutes later, he
was back . The period
of orbital revolution
was 89:34 minutes
(this figure was
"calculated by
electronic computers”).
The missions
maximum flight
altitude was 327 000
meters. The maximum
speed reached was 28
260 kilometers per
hour.

In 1961, the first human to pilot
a spacecraft. Yuri Gagarin, was
launched by the Soviet Union
aboard Vostok 1.

* issued by
Russia to

Capsule used in first manned
orbit of earth

memorize
S0 Y Gagarin

IN{X3IzHE] (Modern Control) (1950- )

ZIRIERAEEPAE, Fik, CURERARREHIRRE
gl T 2 isHIRR. A+ERREIIRAETEIRT
RN ESREE, WSHKE, BN, ESRIRR), BE,
MEBMERK, LURITENEARLER.

(4) EEIMITHIServomechanism LaboratoryiftE SE—a s
HFR(1952)

(6) EE George DevolfffklHE—& TN AN 1954),
R, WIANEEBAZREIIoseph EngelbergerBlI3Z T E—3RHN
B ALAE, Unimation

General Theory of Control Systems”Si83Z,
SINKRB=ZEEDA RS, iRieeistE, 88
e, RERHEMKalman EHESES,
EE7TIAIEHEICIER(1960)

R.E. Kalman

(9) 1963£E, ZEEAILofti Zadeh5C. Desoer&Z K Linear Systems
- A State Space Approach, 1965, ZadehiZHHEHAESFIE
PR=HIEE

(10) REMEL Jury &R “BFEH|RL” (Sampled-Data
Control System) , Y 7 #Fi=HIREFESSLIBIEM

(1958)




- 4 IR oSdmyse vk (12) FsBKarl J. AstromiBHER/T5RAHR, BRTEEE
Ul)(?ﬁﬁiQLf?ng; ﬁégsﬁﬁggg Egﬂggﬁ%ng FBRASHIGTRENEMGEwe), RER, RETH
A. Armstrongi F B, BEENSE, EUEERMSHER, AstromTF1993EkE

IEEE Medal of Honor,

*(1 3) E[EH.H Rosenbrock & ZState Space and Multivariable
Theory(1970), IIZEAW.M Wonham AR Linear
Multivariable Control: A Geometric Approach(1974) ,

N.A. Armstrong

K. J. Astrom ‘W.M Wonham

RAGIRIL (1970- ) (2) REIARPATHEHFENEIRRL(1971)
(1) SSERIM. E. MerchantiRibit EHIERABHERIRE(1969)

AUTOMATING THE
ARC WELDING PROCESS

(3) BFFanuc ATHFIHBMI ARG

FTALNZEA AR RIFHIERTT

(1976)
(4) RER. Brockett}2H B2 LAHARIEE HEFI R K a0, = g . :
EAFIA. IsidoriiER(Nonlinear Control Systems) (1985), (S)i’f;ﬁ%;—;")eskmmgﬁﬁﬂﬁ

Gorge Zames

R. Brockett

A. Isidori

(7) EEA. Bryson FY.C Ho & Applied Optimal Control(1969),
Y.C Ho fIX.R CaoFIRH BHEHRERIRIL(1983)

i

JP—— 00 BfTEVoyazer —8, ZSFHEEHARR, SWEEAR
gAY, SIEE :
AN STIEAY IS
SERLHIERAAIE
BENBARAEE
(1986)




| N I
(11) KEFMZFESS2003)

(13) BigDog (2008)

(15) AlphaGo (2016) ey

*oec®

AlphaGo

Mini Cheetah is our new 9 kg
quadruped robot

It's powerful, robust,
and inexpensive

|
(19) IBHINSERBEEE (20195F1838) (20) ANYmal

Russia U.S.

1960 - Missions to the Moon
Israel’s first lunar mission is | "
scheduled to launch from Cape | Al
o f Canaveral this month. If successful, it
1070 - would make Israel the fourth country,
= after Russia, the United States, and
China, to land a spacecraft on the
Apollo 11 lunar surface.
First crewed
1980 - Jandingonthe — Lunar landing
moon in July
1969
i Random initial configuration Right front foot makes contact
apan
1990 - s -
European
2000~ Space
Agency
s i
china  ngia
2010 - o
& _ Chang'e 4
HuzR s First landing on
e the far side of Initial impact Roll using momentum and retract knees Final configuration
themoanin Joract
December 2018 e
2020~

Jemin Hwangbo et al. Sci. Robotics 2019;4:eaau5872

Note: Chart includes three missions that India, Israel and China will send to the
Moon later this year

Source: NASA YOUJIN SHIN/THE WASHINGTON POST

(21) ChatGPT /J\ élﬂ:[:

AKRBLRR#TE BRI =it

—_— e g1 Classical ControlIZiC AU EBLMERES A
(s —— - Hi, WREHA. DHE—RENEHRANSIALRIT

ﬁl%ﬂ
\ MitiEEl(Modern Control) I2iCHIRB T ELVASEEL R
Robotics today: engineer in the loop Goal with ChatGPT: user on the loop T L Eﬁm ! mﬁgMA~ gmﬁs Eﬁ&ﬁ'xﬁ%ﬁs &'Eﬁa E&

- R RS TS T
~
[ L

R O~

Deploy,
% improve Deploy,
A improve
il A=
AL w_

HEMANZRANLR, XHlTREE, SERE,
EipEEl, ZRPHR. BiERNEEl. HERFGES. 2hS
HEFmEHE, RS —LHmERAR. BEREER
{6 (Automation of Intelligence) BRALRBAIEES,

‘Arrange the colore:
blocks to form the

Go to the kitchen,
and find where | can
warm up my lunch




1.2 Bl EE sl 1.3 —ElF: BISZIE (Inverted Pendulum )
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BT GT400iE N 5 HI-E RSB
= 0811 I=HRIZES IR iz, S7REa
o 081101 EHIESSEHITE o = A
o 081102 MRS EMES
o 081103 RATIE
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2.1 BLARERIBEME

1. #BRITAENE, ENAE: EIEERF. £, EF, B
FEATENS, BHRR, BHESIR—FSEIASR (FE3D

2. B3t (Automation) : HLBEERE. RAMIRE (&=, &
BB AREARBLOANEESST, ZRANEX,
a3, 48, SHrAN. HHEEH, SSImH
) AR 2.

3. HaMkBIRRE: VUREZM. BSAa3k. EEEaMk. &
BEE3IML

AR

JARFHITED

BERA LRl
CREWRAL (TR

ZRAERBEL

ZRAERBL

—_—

2 BaEHRRFENEFHRE

2.1 TBRAERBEIE
2.2 BEiiEHIRFEHESFEE

2.3 RFERZHIEER

2.4 BiEHIRFRITIE

Wi
?&t NEY:

e4 %A

BEWA
(G5 IrA=9)

o« A flush toilet




= I
T ARSI . Bigbog

Support - Bounce on
springy legs

Balance - Move legs
with symmetry to
achieve balance

Posture - Keep body
level using stance
legs

. EAER
RE

HTICK
WL

A0S

AR E M
HHR K
FRE R 12000
i

AR . TIE%

T RIERIEENL

Arthur EHrimE R
Samuel 5%  Hbr
[ifpeat/vs:s S
(1962) (1997
- |
TR ATER BT .

Hra \?‘é‘@ﬁ#fﬂ
SHBRETIE "
o, G,




FTRAERIBENL

FTUAERIBDNE

o PLBARG

v TAEHLEA

v B RE (B3
£ IN

- Bk

< B (FR
N7

« BAE
N !

« M

lkeaBot

Vijay Kumar

ESb L

Rererence

Controller

* BHRG

RE NSO R

Dietired
Performance

Government
Policies

Ecomomic System

EHIS

EHIS

« OEH
AR AR 36 A rﬂm;:;z;ﬁ qusﬁi\aaﬁuffl\gﬁfff*i’f; iﬁjiﬂii‘gﬁ?‘ . 1 9]‘5()'1_! gﬂ%%%:ﬁﬁ
2 |GHR~ KB
A ke TR 3 | &K , SEOHERE
4 | O o |jir | EEEATE
5 |EJ1ZE GBS L R B
6 | EH I8 E BFE HE
FARNRNERRREERGRNLS o, et o mwmams T 7 ﬁ*ﬁﬁ%m$ PFE
TR W b M W A E M2 EFRAHAMNREER 2w 8 ﬂ:ilﬁﬁ%%%
[ ] memmmmzs
=t =t
i< i<
« OEH
OSpEARLEENE
18 K EGH
2R BuBE
3 BHMESHH
# O BHSMSLEH ‘
47%5E (Spunbound, _ﬁES) | AL
BERARE 1 AR RIS, SRR, R E BT TR,
R <Me'$‘%‘g€é’ ggﬁ"g% 2. R—BTRAMEA . FBRESIBOERTRIG IR R BT B LR B A2k B
et
GHR (SP“"bW"“éEﬁggéﬁ 3. BRI R ITEHE (Thee:

4. STREMREHEFEETSIRR B S W, RS ATHEA RS, TR TRLE. YEH

o BRI S WERKE .




121 Al

EROSTIEEMZFEERIER
4 =tEH 5 BalinE

—REEROS ?t
RREMEH '

SR NP2020022800067 =

=B Minr - maiSiE HEARSTFmETSEN

A£~B1: 202043R18

3

SFEM: 20226F3F10

ﬂﬁlﬁ 2] B 2 20001
MRE¥Q o R 20002
s B 20003
SiiEOR S RE Rl M e 3 ] AR oo
BEATIB AT H] =

2.2 BiERIRFHEFEE

» B ZARHEERR. HEEANTSERSE

ATREEHSEERHIEREH 24, st (/n) SSEAE R
o (BB EERVKENER, B SHEDOE o s ASSILREED.

K i%& (feedback)

i BT RGBT,
= Ri&: \?Eiﬁtﬂﬁ (%%/ =2) 1%@@{1:.'%% . NE
H%E%@EUE@)\E%, ?F'—ﬂ@)\_‘ﬁ_%gtb’&zi%ﬁ (By “closing the loop”, effect is connected with
£55, BUEHRGHBRLTERmTE. cause, so that the cause—effect relationship is
- B, ik now one of interdependence. )
= FRERIRS. ARERHRSR
I I
&g (50 iR (&)
faki® (Negative feedback ) 1E & i%(Positive feedback )
NMRIRHESESHNGEESER, FEENRE
ASRAUN, MFRABRIR MRIERNESESH
£6. NESHm, F~%
R, MRERRELA, N
TR I
Ak A 4 ” e
eF®R4%m ......
I I
. TH=KEPHERAZERBTHAERNARX (FKF. @) ?
BIiR (feedforward)
Oj
FEiTHlxT R IRMER S HE(EARTIRIIESI AN . BA
RE R IFRESI P ER MRS, BELI 2
RE, WIKEE. : i
(a) FFEREHI (b) AT HFEEH
)
TN EY T

(c) (Bah) HFEH




BahiE$] (Automatic Control)

BETABRTHOBEAT, FIRMMEIRESRE (ER
IEhRESIERIR) , . RERESIESF (EREET
%) ME-—THERSHSH GRizE, MEE. EH. PHEF)
B3, itz BRI EET,

BEhfE$IZ S (Automatic Control System)
BRI ERiEHIER, BHEEHYHRERE—EREEKR
BEBERENRERNBER.
(A Control System is an interconnection of components forming a
system configuration that will provide a desired system response.)

[ .
B HE (Block Diagram)i#iA I EIEE

4o B ERH SRS
U SENEES
EEBERTS == t
REOER
AGHE EEERE
= o
AT L
|

2.3 RFEEZHIER

B, R ERHRL%G—F %,
# A K

# %

*

X

RESHRER, (ERANTRESEE.

EPRARFRNISE, MENFIREES(E;
ESPTRARRRPINTREEER, NEEREILRE
W, EWEER, WENEERRILIRSIE,

2.3 RRBIRZHEE

BRI RFHRERG):

BERE: pem pHiEE 08 GESHE
XFER: mrpmesEs
SSER): mEER R s
SHEE  jssmm
SRR s

I

BEhiTH| R HIERE R (Basic Components)

(1) [ETH: AUAHSERNREEEIRNRS
AE (AiggzE (HE) MEYSE) .

(2) METH: BLUSUHIERIAN, (SHEHSE)

(3) ELETH: AULRAEESHIEEZENRE. (B
FEARE. BIFF)

(4) BRTH: BLUSIREEEHRA, LIUEREHITHE.
(FABFTHME. XWERMARS)

(5) HATILH: BALUNTEHIGS, HakiEds (i)

(6) RIETLH: ALABERSNIE. SHSIERRA0TTERME

BT RGN HEER (GBS EH)

BITEEEE : MBS LA HEAR RS S EEs,
ERIRIBI: RAamEBESNETHRISHEAREHEE,

FEE: pnERsERSEREFEENER. (5 RER)
B[O ae—ERISERNRS. (= SEE)

2.3 RRBIRZHEE

I~ XY R GBI E X
BTRERRRASEENERRRXRNER R RN,
L FEEXNEE L PEE

HEL AR GHER R GEF ALK

TARZBTEALH. FHHURBUGALLE

2.3 RRBIRZHEE

| -
. Mg #zh I
BEHA o Pt

| - TRERS Fea R ZER |
1 ‘ 1
1 1
X RS X
1 1




I
o mERHERE R 1y Ak ehuiE ik 4R

g Au Uy n
. — U U u,=kAu —-|n= u —
ol AEERS R s b 1 fu) |
u, |-
Desired + ~ Efrar — Actual
3 = | 2 o it e =T
o visual and tactile . VIR
%\\\\»;: #EAF: ntoul>(u ,~u,)|->ul—n|

dirction
ooooooo

2.4 IFHEIRFSTHIE

| 1. WSHEHER

I
| 2. REEHZE

Il
| 3. AESTEEHER (gitEm |

s

| mrmmmires, wirmrras |
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3.1 BNEHRIRFRER

Jik 3 e 5
DIES N

S

A

3.1 Ba=HRFR9ER

b 1ot
AR FHEAL L
RANBAEFIRE A w

o—— fii i iy
Wi
sdli]

KR ESIEHIRS
I
3.1 BRNEHIRSRER
BRHZEXER
PR }m—u mf«t“ i ES } i HATTLE i } 2l lﬁﬁw”

o B AEHUR 89 7] L w) R Go—— T K32 H]

HAE S ) 1 T T e 5w
—-l = o ’—-’ el AT H JHLH LR Hmi]';uﬁ H W R }——*

T

o K IR 3 ¥ R h——F K42

3 BahizhRGREER R

3.1 BEhiEHRFAER
3.2 BiEFIRFIERBR

3.3 BilERIRSFAIIEREREA

I
3.1 BazhRARYER

N

f5: KiapERhiEHI RS

3.1 Ba=hRFaERR

(1) SEETH: BESHEENBEEENRNFERASERMEE (B58) .

(2) MEBTH: ENEREER, RFARNESMENKHFELREES, HisuE
[ERERAESMES (MBES) EEtkBT.

(3) EEETi: BNBEE (o) WUEHRENRIBEESRASTRNS

SHEXILL, FIEFFEERRERESEEERTTH.

(4) =hlTi: XinEhE, SEUSHRACIMSHEZCaRE, EIgeE
EMNESHBTTH TR LAREESIRE—EMNNE (B

EHRNEHERIEE) | FERNERIES.

(5) AT EfEMRISIEHESH#TNERA, PR ITOHFREER
HES,

(6) thiTrelF: FFAMITIEEATES, BfERRERIRMEENS, B
ENSRMRLEEE (NEE. [NE. BEF) RELL.

(7) WEMIR: "L, SIEHTYE. ENSEEERBIEENIRYE.

L
iWie: FAPIHTIHIRAWRMHS" " BISHR

IRRBES
EHIRR

BINRRE | RAMBA
HRFK SR

() &ETH
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