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Abstract
on energy shaping. Since the introduction of this controller design methodology in 1997, many theoretical developments

The method of controlled Lagrangian (CL) has been developed to stabilize simple mechanical systems based

and practical applications have been reported in the literature. The theoretical developments include a series of criteria
for its applicability, special shortcuts that are useful when dealing with particular classes of systems, and the incorporation
of additional features to handle control scenarios other than just stabilization. On the application side, the method has
been applied to a wide variety of practical mechanical control systems, especially under actuated systems. The purpose
of this survey is to review the fundamental idea and theory of this controller design methodology, research developments

achieved by different research groups, as well as to discuss the current open problems and future research directions.
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DImess, HRERRZ ©(g,q) E g AR LR
.

TEVFZ 1RGN, G-ALESEN THiss B H
BRECA T G-& & (G-PUE R R AR bR AL &), itk
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Zra Bt RIE S BIE I E R R B v, 5
I3 28 AR

xRS FRPER D5 R, B T eI
TS, IE A ALy E R, thngshi. fMzhEsy
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FI7RE (10) 55 w,, DCHC RN 30 T etz bl
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fift 1] 7. Changl®0) Tl I8 i « )87, Faal 7 VCHd
KAFRIZIR, A3 R SR RGILEC I RS ET T, FF
B0 TR RG A T —RHI LR, nf8e
LIk

AN Lk PSS TR R IS 1 fRifk 5 SR . 26
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b
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Hdr & g 5ARE V WA T 02, & 0° 4 L
[P PR

Bloch fESREFEIE R EE 0-TFIAYE, DIAE T4
T s M s sk e ek, R CL &L (9):

Le(a®,d%,0%) = L(x®, &, 0° + 753°)+
1 1 .
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Taby Pap NPEERFLE [9,], [9,] TR NAEHE 0 [FI0H,
Wab = Pab — Jab, ToT* N T WJRE AR,
MM L K L, &5 Q- a3, 7fe (14) nf'g

(15)

H
[ 01 MM " |-C.q— V) +
0 0
Cq+ Vel (16)
- [Ua]

SR B TR (16) [ b s T A IR RC
(PP PR R R Ak, IS KX 4] PDE BARf & DERC 4%
. X AL T AL R BT S HU IR P R A
K H HBE, AT e 4 il B AT B K A B, Bl
T Z R PDEs. 53— PR F 4R 1 ARV mt A2 46 44 4
TESHOEFEN H B kR 16 PDEs RSk i, iXFplT
BC 75 20AS ] e Ao b s SRS AR R v B AR STEE. H
T KB RE, FAeR B sy, I R Y
ST H B ok 43 T, LA K HE LUK BRI ) ZR 5k
%, PDEs ARk s ik o 7 R sl ARE T R 4. 4
SR, X T EARRA )5 R G ) A AR DA E

Bloch 1EW] T41°F 4 A 7870 5 Al DR A7 A5 R 5K
A g, 15K (16) £k .

GM-1: 72 = —0%gy;

GM-2: 6"(Cug0 + Gada) = 29" Gad.o;

GM-3: w0 = 0;

GM-4: 735 — 750 + P @ae(CS s — CSa)—

P Gac.sP @aaCl — P GacaTs = 0,

€% = §*Gon. MK GM-1~GM-4 & “—MICHRLEAE".

b+ L 5 L, #8kT 0 153K, jtinsE 0¢ L[
B w,, VHEGR:

_doL _
 dt 9

Uq

d
a{ (gab - pab) 0 —

(pac (9°" = ) gap — ga[i) i’ } (17)

Sl (17) MO H i, i F SR Y. L,
L. ¥ EL J7 ¢, HW UL, nfLIH 2% &, 0 319
AT B R B TS s

WIS ) 2% 2 40 0 T ¥R 3 fie 2 £ 0 A — o 41,
TS RS Y Re R AT 4L, v AL — MR UL RC 4 A

BRI 1 g, =g

— MR VC 2% AR IR AL R N = AN 4 A, BN
“Hf DU E (4

M-1: 72 = —0%gpas

M-2: 0™ (0pe,0 + Gbea) = 29" Gve,a;

M-3: 755 —Tho — g“bgbcyaTE =0.

U ATE R, R (17) 28N

Uqg = _a(gababcgcax"a> (18>
i P BN BEE ' LA B oy, 7O A 251

L A

B, B LA E— B A T TR 4 1 1)
SM-1: Oab = 0Gaby O %ﬁ%&,
SM-2: gup0 = 0;
SM-3: Tobz = 7%gabgaa;

SM_4: gaaﬁ == gﬁma-
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FERALILRC AR T, BBtz (18) 220

1d

= = (g3 1
Ug Udt(gaaw ) (19)

i AL TR ALUL L 25 AF K ) 22 R AT — RARZFEIR
JIHZRGE, W~ 4%, SRk, UL =42, T )
AE RS 8 2 SM-2, SM-4, #% [ SM-1, SM-3 #F4T It
fic, VLA PDEs itk QB0 1. BB R sh R &
REA— A8 o, NEHIAEEDE, X2 bl o,
PAY o L 2 BHOE 2R

R TT A1, LU A2 3 — DL R & fF M-
1~M-3 MR FRG B, RbEd s (18)
Zrth, b ooy ARFBOHEBIZAL, LU R P3E R 42
FasE k. Bloch 451 45 il R A E P 78 40 4 A1

EIE 1. AR

1

5 (gaﬂ + gaa(aab - gab)gbﬂ) jjaftﬁ + V($a)

1) AR B A 25 58 P mi Ak e 5, WP BA R G AR 1%
7 RALAEE

IR 2 ptb = gt — b,

Pblat (17) WALH u, = %((pab - gab)9b>.
Woolsey FIFHEH T7 3 2, e T ek — BISr#21
HiE W 07, Buler-Poincaré 24itHiE T 728 2.
Euler-Poincaré R4tk T HA7 it 45 il (I E A AL 1
IRk B H BB AR T IR &, L3
WK IINIER RS, #TEE 0 Q = SO(3) x G,
A ACRNIMAR LA, Fa R TR RSN
A% B H R B G T G-I, O THE SO(3) *f
FR. HAn 2l i ris g, kNIRRT LA,
X s s R e M BN E - R
4, 877 B H 4. Euler-Poincaré R4
FEI B AR B2 W 1), A T A A ER R G OR B X b
PEJ, BREFETE S HL poy WA HEEL. GM-1~ GM-
4 fi4 2l “Euler-Poincaré VG414 27

EP-1: 72 = —0%g14;

EP-2: 0% + p® = g%, p., N HL

TEAR BT RRPE RIS ECAS B R, B8 S IAH X -1
RIBUE. X T 00 RIEA AR EKNIE, i LLBUE A
XAl R (2, 2, 0%) = (22,0,0%). X T Euler-
Poincaré Z %5, I LUELE M%7 55 (62,0%) =
(22,60%). RAEFEERE &o,0° nfsE %z, A
RS mAF LML TSR E.

2.5.2  FEIRISARIEAY ITED

H T BUE RGN R TSR R R 4T
WXt FRbE. Bloch 2623 e FF IR R A HATE AL &=
IS, WF5T T UCHC M B 1) .

Bloch ¥ H T BhRefE & g AT 0* B
B, HAFRE 2 =0, K%K g, = g 2504

Gp = PYGap, e p EHEL CL RESH
Lc(vq) = E(’Uq) —+
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5(/) —1)gab (9a 4+ g%°gact® + Tga:a) X

<9b + g"gpai” + Tﬁbiﬁ) — f/(a:a, 0*) (20)

&
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1 a b
§agab7'a7'ﬁac T

RKTARR 0 {JT3 EL JiFeN
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3 S e il
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p—10V 19V
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VCHE S F LA R ITHE 22-BEL J5f4:
d oL oL
dt 9z Oz~ (24)

FEFE I (23) WHAEH]R, S5 3 2*-EL J5 12 (25)
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dt 0o Qx>
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(25)

VLV (L e e, OV
a9c "0 |\ o T p )T TedTgpe T
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SM_5' 6,%'(1860"9 gﬂd - axﬁaeag gad
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T\ o) 9 Gae X
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BRI RS N TR BE R BRI SCHR (6] AR Tsy ) LA
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AT N T3ARE IS CL VEBE T P 47 i O 4.
18 B P I o HOQEARS M, LR dl A e R
gUMte: 1) HaeRpal (27) & HA RS B
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FEAE IR FRE bR £ SRR E A, 2E 1T 45 e )
— N IR AR IR B4 H DT G 4% 1R 0 BR i R 1Y
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