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Abstract: The linear active disturbance rejection control for the second order linear time invariant plant is investigated
from the viewpoint of pole placement and root locus. A new transfer function block diagram is proposed. Based on the
diagram, the parameter tuning of linear active disturbance rejection control is interpreted as a closed-loop pole placement
problem, while tuning of controller bandwidth and observer bandwidth is viewed as open-loop poles and zeros assignment.
It is proposed to investigate linear active disturbance rejection control with root locus. With analyzing root loci, it quali-
tatively illustrates the reason why the observer bandwidth can equal to the controller bandwidth and the the robustness of
linear active disturbance rejection control subjects to the plant’s parametric uncertainty.
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BEZHEZR A, BT S I LADRCES il #8 % #4%
X G 0 2 A AN BB, Q] i RE R R B, BN
LADRCHE LA 77 ) — ™ H1 2 i .

AL AR C B AR FIZE 0 £ B R ik
. EFXF B2t 2 (linear time invariant, LTT)Xf 4,
25t T LADRCH)— AN H % 16 pR EUHE 1], FE T ZAHE K]
HLADRCIHNZHUEE € B AE— MEAEA 2 P PR
W p B ) R, AR S R AR L e A — A
FFIRZE A, TR 42 1 23217 5 « W 253717 56 25 S 1) #
EFVEFFIMNG S Z2 AL B IR, fEbEat -, @i
FRE T 5T LADRCI S50 2 . FAMR LR RE T
BRI R, dd i bR AR 0 i Bt B o] AL
LI 08 S T4l e iy 9, o X S E0Rhy
FHFRR S5 07 B BB AG 2 P B T LADRCH &,

ASCHAH Sy AR 2 R A9 LADRC;
53719 45 HLADRCH W7 HE B A1 2 08 i 1l miic B
R, A AR B FULADRCHI S 08 5, 2547
B ST [13] R X 5, Ji sk Pl AR 2 7 el i BH mT A
LRI 285 0 45 T4l s i 9 SRS URH T LADRC
PRGN RS HOR N BRI
2 [\ E#AF LADRC (Problem formulation

and LADRC)
B E T I 5
{:1‘?1 = T2, (1)
Ty = —QoX1 — G129 + bu,
Yy =1, (2)

Hord: g, w08 RGUIRES, MM wBly 73 75 2 Jan N A H
Z250b > OHEMECH, ay, ax A N0 HEE AR 0. £
SR H s il s, e g BRER S B i A\,
HEre— kiG-S,

RIE BT A PEAE, LADRCIE T BB 17 %% (track-
ing differentiator, TD) HHZH 15 5 r A MAE S v, vy, &
XATHETD, [R5V, , v il &

V1 = Vg, 3)
tggrnoo(r —v) =0. 4)
HI T & %a, ao KA1, LADRCHI Y FRIRES
T3 = —A2%1 — A12,
HRAD)-QHE N
Ty = X,
Ty = x5 + bu, (5)
&3 = &3,
Y = T, (©6)

SR G N (5)—(6) B 3L 2k ME YT 5K IR 25 W I 25 (linear

expansion state observer, LESO)

fi’l = [i(y — 1) + 2o,
5i"2 = Bo(y — &1) + &3 + bu, @)
fé3 = ﬁ3(y - @1)7

Hr1 By, Bo, Ba 2 E 4. T LWL 34 Hh A g i
i
1 R N N
u= 3[12(1’1 —&1) +h(va — 32) — 23],  (8)

Horh 2500, L 5% RGE(1)—(2)~ LESO(T)MZ i 4%
(8)Wt4LH T LADRC.
3 LADRCZ # ¥ % I = It & % B

(Pole placement interpretation of parameters

tuning of LADRC)

3.1 LADRC i ¥ #£ & (New block diagrams of

LADRC)
WLESOMRENT; = 1 — &1 = 1,2,3,F
T = —B121 + T,
Ty = —PaF + I, ©)
Iy = —Bsdy + ds.

4

f:lg’l)l + ll’Ug,
l/:lgi'l—i-llj}g—f—.%g, (10)
e=r+1.

Rzl B @) AI(G), IhteMy, 45" BRI
AN A, A5 21— A L\ O H )T &R 48, MO R
Wzl R4, 1Ak

j/‘l = T2
H:q . ’
Ty = —loxy — l1z2 + €,

vyl _ L1
.fg allgl'l + (a1l1 — ag).TQ — a1€e '

H I3, K OMA0E M AL A Loy
B s — T RS, IONESOIRZE T R4, Mk

Ty = =131 + To,
H,:{ &y = =271 + T3,
Ty = — 531 + T3,

VvV = lQil + ll.i'g + @3.

XA RGO U TR R S IR EE A

o Y
r * e H,
+ 'T.S
H o
v

Kl 1 LADRCH S 45t LIRS )
Fig. 1 A feedback structure in LADRC
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BRI H, P e B &5, Hy P Mz Blv, DL H F
Mz By 3 5o A 1 R AR

s(ays + ay)
H(s)=——F—F—",
)=~ st 1,
Ho(s) = 2+ (Br+1)s+ Pily + Ba+ 1o
° 83 + B15% + Bas + B3 ’
1
H -
1(5) s(ar1s+ as)’

P 1 AT LA Bl P 2 1 s R KSOHE
T - |
+ X3
Hy(s)
Kl 2 LADRCHHr &% b iz
Fig. 2 A new transfer function diagram of LADRC

Hi(s)

A1 SEAEERSHERCC 1412 B, KA
SRR B, E2A BB RN ) B AL 18 PR AL
MR LUR 5 H 7 RS He (s) MESOIRZE T R G Ho (s); B
=L FRGH (s) IR A B, IR 5E, TTF RGHo (s) IR 55,
H181, B2, B3R 58, W] LLAT A& 11 8 =, X R (DI S B
TEMEGRILE RN T RS He (s) M50 T L.

3.2 LADRC Z ¥ % 52 i)t =i i & f# # (Pole
placement interpretation of LADRC tuning)

TR S0, AR A B e ) R G AR e
M, IR S HE S B 5 RIE, B R1)-Q).
LESO(7). % ] #%(8) FITDZH. i FULADRC, H: P ¥ 4%
R A E28 AR AL E BRI S U, 1B,
Ba, B33 7NN H, (s)F1H, (s) I s E H, ()

X RLADRCH) Z 8% €, 7T UEAE 4S5
a1, o N ERE, BT WA, LB, B, Bz KT
IRFE WS L B, ATTC B PR L PRAE R Gifase
FEEH R SRR,

IR RS LADRCIH S E0R P BE ik PR AR 14
LB BRI R. TR, A SO BRI 5y
HILADRCI)Z 0% 5 . iRPT L I PN HiE S
W [15-16]. FIREHIZEWT 5 LADRC A WL [17].

BRI AT, REE A X R — g P
W, Billay, ay RTNE, FH5 568, BER “R7 ik

NS AT DL AR B A, et B St
43 HTLADRCH A PERE. SEBR TAE oh i s 1R
T AMEIRAS, BT BT 58 RSO 2 s R
T PRI 3.

T DAR P A TR, R SC 31T R BB
B ST, A SCHRBZE o #5215 528 b5

B Sl B2 Ho (s) FLH (s ) LR 5 158 1m] i 2
1) 3% P 3 ) A A A =X, e
_LHC(S)HO(S)7 aj 7& 07

ay

Lo(s) =

1
——H.(s)H,(s), a; =0,
as

) 07
k= {a1 61,17é

ag, a; =0

ARG AR, B3 A Y, MRBLZ A, A
B e PR R F AN 7 T — R AR PR3 25k 2

N . a
1E; BMZE AT — 2.
ay

+

‘T’ k L(s)

P 3 R IR 2 5 B A f R BT
Fig. 3 To re-draw Fig. 2 to unit negative feedback form

4 WL 2% 58 T DASE T 42 ) 4% 58 A R
(The reason why observer bandwidth can eq-
ual to controller bandwidth)

[ SC 7140 i T8 32 DA, 121 45 i 8 oo AU 25

i Biwo, HLFELADRCHIZHUHE & i A B EAE . LA

A—Mitw. < w,, ZAJELA

I = 2w, Iy = w?, (11)
B1 = 3w,, Ba = 3w?, B3 = w? (12)
RS HU, LB, B, Bs. SC[13]19, 4
We = Wo,

IS T RAFHIOR. AT 7 DL Hd R
BEMNRMOFHar > 0Hay >0, L T mH3F
FEOLRAR T B

A) T
Wo > We > 2%;
ay

B) i&#%
We > Wy > 2%;
a1

C) k#*

a2
We = Wy > 2—.
a1

3G oL 35 LA DA R (12) 4 S B, bR B,, e,
Bs.



11

ST Al B S ECR e SR R b 1651

4.1 FFEF k. F S E (Locations of open-loop
poles and zeros)
IR3IMIE LA, BI3H Lo (s) #RHH H. ()R
21 =0, (13)
)
P (14)
a1
WMias =0, Mzy = 21, AT RESE, Lo(s)E R

XFFIEILA)VIB), Lo(s)f - EM N

P1=Pp2 = —We (15)
A =FEA AT
P3 = P4 =Ps = —Wo, (16)
PAR R
—3wo — 2w, £ j/3w?2 + 12wew.

Z374 = 9 . (17)

ZRIAE T B OLA) P B —w, EEEIT RE 4, TB)
rh = HAR A —w, AR RE .
XFFREILC), Lo(s) A LB A
P1=DP2 =P3 =P4 = P5 = —Wo,
PAR R EE R
-5 +jV15 "

23,4 =
2

4.2  RHZEE R LB (Comparison of root loci)

bt XFay > ORI UL, FIMATLAB 354 15 10 i AR
MK, nE4-6fR, JSFER EHEBR AR iRtk =
ay TR . IR LB Y, 30 5 T R AR
FUBAR AL 1 5, AR P HAE T A P P
PILADRCHS 5E 5 H Ik, #8A — X AR 08 M —w B4
—wo T B, WA EAVE R HTHE, AR JEAE R pia Mz
(ST} S o 0 2 e I 7 1 SN 1 O & i 4. AN
T Rz Mlzy. PP S A AR X — X AR P |,
BALBEAHZEAR, 3=, 38 ETEE A — KRN
T 57 S T — oo, — XS AR PR 7 it N R zs
Fzy. ZEHNAET, FEBLAYFIC)H, IX—XFEA 25124
(AR 1328 B4 M\ —w, 73 B8, TS LB) Hh, 3X — X AR 4
T2 53 ) I —wo Bl —w A K, s 87 St AH m) T AT, AH
B A B RN f DUE Y, 3FHEAL T, k= a B )
EREZN I VAR =S N

Way = 0, W ZE 2 Mz B A, 3Tk E R AL —
XPAR BTN 53 ) DNy T T T 9 R gk N LR )
A3 IEAANAR 33 ] HATIE EISRIIE.

DRI A 3 00 AR L2 R0 P IR S5 A B ZE AN K,
A LA R 418

W Fay > 0,0 >0, ﬂ%m:a@%m, SR

(18)

HTTEL A, = wo, T FFHZ A1
Ot PR T3 (1317 Dlikw, = wHJSUH.

250 . . . . l
200 : .
150 : .
100 - ‘ .
50 - : .
0 *
50 o
-100 : .
-150 - ; .
-200 - : =
_25—0300 -250 -200 -150 -100 -50 0 50

SZhl /s

K 4 LA BIRBUZER, Hr: we = 80, wo = 110,
a1 = 3.085, a2 = 100
Fig. 4 The root locus of Case A), in which w¢ =80, wo =110,
a1 = 3.085, ag = 100

R /7!

250 T T T T T T

200 |- O/ \ .
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100 |- sL .
50 \ .

0 . G b ]
_50 - -

-100 F .

-150 |- .

Q

-200 - - .

,250 1 1 1 1 1 1

=300 —250 —200 -150 -100 -50 O 50

St /st

Kl 5 1B R, Hfr: we = 110, wo = 80,
a1 = 3.085, az = 100
Fig. 5 The root locus of Case B), in which we =110, wo, =80,
a1 = 3.085, as = 100

R /st

R /57!

=100
150 :
-200 |- A
_25—0300 =250 -200 -150 -100 -50 O 50
Sl /s
6 THULO) FIRPIZR, Hrh: we = wo = 80,
a1 = 3.085, az = 100
Fig. 6 The root locus of Case C), in which we = wo = 80,
a1 = 3.085, az = 100
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F2oo« Z{m:" BB DI —we R —wo B T
IZI'EU(—Z—T, 0)Z . ﬁu%j—?ﬁﬂ#@—wcaﬁ—woﬁ?%ﬂﬂV\J,
D3RP AR B RS 5, B A — B 5. IR,
3%*‘%%#3itwcﬂiwok?ZZ—?E'z?ﬂ?iﬁ%%—wcﬁi—woﬁéﬁ,ﬁ

— 22 20 RS s

al s
3 EARIES R L SE AT LR 7E B LTIN 5
HIZHEER, Fwe Mwo HARKTLADRCHIPERER A K. X
MBI,

5 R EBRLADRCHI & # M (Interpret-
ing the robustness of LADRC with root lo-
cus)
3K, FHw, = w13 ELADRCE il 25,

X 28 ay Mao AEA RAFIEREIE. AT HIHRA

IEREX — I

51 XtS%a, &M (Robustness for the param-
eter aj)
fEa; > OFF, aq 52 B3 AR Pt 1 23 k. 4% 3C

(131 24, Blay = 0, w, = w.=100, FIMATLAB{f

EIHIREIZE L, T4

a, = 0.1,1,3.085,10, 100

IS FR P st AN R L 8 B2 b, A TR A
Bl DA, i T B RPUL ARAE T e 11, Xt
THNa FHUE, REHRREN. HEEEa FER,
PR RR s AL B R AR A, DR AR ek et = 2 2
A2, XA (1314 R 2.

250 T T . T T T T
200 - 4 .
— MR
150 - * a=01 7
100 F b oxoa=1 4
w50 JL n .
g O —— T)<L> i
BO-50f ] .
~108 - fx @;=3.08
-150 | a,=10 _
ann | . « a,=100 |
,250 | l\"T’ 1 L 1 1
=350 -300 —250 -200 -150 100 =50 0 50
Sl /57!
B 7 aq X PRERR S5 B s, Fo: we = wo = 100,
as =0

Fig. 7 The influence of a; to the locations of closed-loop

poles, in which we = wo = 100, ag =0

52 XZH a, WEHEM (Robustness for the para-
meter as)

Ya; > 0H L ER, a7 A R 720 %
a \ Lo ~ N
20 = —Q—ZEMEEEE%H@PH%W@MET Y [13]FZ
1

#, Bla, = 3.085, w, = w. = 100, %
as = 0,100

S AERRENIZE I, FKa, = 3.085F il AT B & LA
bRy, B8N, WA AT UG H, ao MOIE INE]100,
PR S B BB R /N, AT DARELIL,

as = 0.1, 1, 3.085, 10

B, IR S AL B AR R B /N, Rl ap M
O34 1N %1100, &SRO MERE 22 B IR /)N, X AL [13]
45 R —3K.
250
200 |
150 -
100 |
50

° 00
el = d5=1
O 4,=3.085

-100 -

— 0
“150  « @,=3.085
-200

,250 1 1 1 1 1
=300 -250 -200 -150 -100 -50 0 50

S /s
Bl 8 ao XSTARPUI AN IR s o B 52 m, Forh:
we = wo = 100, a1 = 3.085, ag = 0,100
Fig. 8 The influence of ay to root loci and locations of

K/ 87!

closed-loop poles, in which we = wo, = 100,
a1 = 3.085, az = 0,100

53 2 a1 Maq[F B 5502 B & B P (Robust-
ness when a; and ao varying simultaneously)

HREIEIE BE M TS ay, as [FIBR EE R LADRCH]
EREE. B, BUERT RS EN

a; = 3.085, ay = 100,
A

a; =10, ay = 0.

H 8T 4, f-HFa; = 3.0851Mikay M100JE/NE0, F]
Wt AL B WA K. FHHET, fR¥FFay = 01fiika; A
3.085H4 K £10, MK AL B Z M MA K. TR, ap
M3.0851 % 10 [F]H ay 10098 A0, LADRC I 14
RBEAWAK, HAAERE A A R,
6 %51 (Conclusions)

AR SC A LTI R, B 7t T LADRCHIZ 4L
HEOE ) L. K S E B M — M AE A E 1 1) A
A R ) O, A D AR B B 7 1 ) R, T AR
TEARRE T SCLBIR I TR, e MEULEH T #2845
a7 i AT AR T I 2% A 98 1 R BN, DA XX LADRCS B
X RSB FE R R R X gl R B, R
FE I HTLADRCHIA /1 T K, w] EELE XS i Al B 5 2%
XFR I3 M b A BB .
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