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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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1 5| & (Introduction)
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THH RS, RATEEH] A T RS, I3 235
HR TR 2 I RS,

SR E R ADRCH)— A [ O ] ADRC

Wi F 3: 2017—10—25; 3¢ A #: 2018—03—19.

P38 {E/F# . E-mail: jinhy @xmu.edu.cn.
AT BRI,

KR AEL M, F 82 ZHF 10N e . SRl
HUCZ LS, 2 T 4% B Puiiiz il (linear active
disturbance rejection control, LADRC), 13 % i Z #([%
S LTS T “AF58iE”, 9INT “Pihilds
W COMMZE T S, e ot —
B 22234, bJE T 905 0 K JE IILADRCS U 58
R I, BRRZH R R BE T RET
PRI, H R R A TR S0 e ik 12 gk,
SCUBYVAE AT LR i 2% 17 5 FOULIU 5% 7 56 AH 45, KA

X B AR EEETIH (61733017), A HAARIAIEEIH (2016J01317), FEZK B HEEIIH (201606315084) 1.
Supported by the National Natural Science Foundation of China (61733017), the Nature Science Foundation of Fujian Province (2016J01317) and the

State Scholarship Fund of China (201606315084).



11

ST Ll B S ECR e R R T 1649

BESHE R, BT LADRCES il 48 % # 4
X G 0 2 H0 A AN BB, Q] i R R R B, RN
LADRCHRA 77 i) — ™ H1 2 i .

AL AR C B AR FIZE 0 £ R ik
L. EFXF B2t 2 (linear time invariant, LTT)%f 4,
25t T LADRCH)— AN H % 16 pR EUHE 1], FE T ZAHE K]
HLADRCIHZEUEE & B AE— MEAEA 2 M PR
W p B ) R, AN S PR AR L 3 e A — A
FEIRZE A, TR 42 1 23217 5 « I 23717 5 25 S 1) #
EFVETFIMNG S Z2 AL B IR, TEbEat b, @i
FRE T 5 LADRCI S B0 2 . TR RE T
3R BLIEL R, dd ik bR AR 0 i Bt B o] AL
LI 08 S T4l s iy o, o X S E0R )
FHFRR 55 07 B BB E P B T LADRCH & EE.

ASCHAH Sy AR 2 A9 LADRC;
5371945 HLADRCH 7 E & 12 508 8 1A e B
iR, U AR B FULADRCHI S 08 5, 2547
B ST [13] R X 5, Ji sk P AR 0725 7 el i BH AT A
LRI 25 0 45 T3l sy 95 SRS ULRH T LADRC
PRGN RS HOR N B
2 [\ EHAF LADRC (Problem formulation

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

Hod: oy, w08 RGUIRES, MwBly 73 75 2 5 N\ A H .
Z250b > OHEMECH, ay, ax A N0 HEE AR 0. £
SR H s il s, i g BRER S B i N\,
HEre— kiG-S,

RIE B A PE RS, LADRCIE T BB 170 %% (track-
ing differentiator, TD) HHZ %15 5 rEMAE T, vy, &
SCAHRTD, AUB B v, , v /2

V1 = Vg, 3)
tggrnoo(r —v) =0. 4)
BT Z%a, ao KA1, LADRCHI Y TRIRES
T3 = —Q2T1 — A172,
F(D-QEE N
Ty = X,
Ty = x5 + bu, (5)
&3 = &3,
Yy = 2, ©6)

SR G NI (5)—(6) B 3L 28 ME YT 5K R 25 W I 2% (linear

expansion state observer, LESO)

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

Heth By, B, B e E S 4. FE LML 24 th A Bl s i
B

1
u = 3[12(1’1 —Z1) + li(ve — &) — 23],  (8)

Horb 2500, L 5. RGE(1)—(2)~ LESO(T)AMHZ i 4%

(841K 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 = — 3121 + T,
Ty = —PaF + I, ©)
iy = —Bsdy + ds.

4

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

Rzl B @) AAI(G), IhteMy, 45" BRI
AN A, AT 21— B 0 H )T &R 48, MO R
Wzl R4, 1Ak

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

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

I3, KO MA0)E M AL A« Loy
B s — T RS, IONESOIRZE T R4, 4k

Ty = =121 + To,
H,:{ &y = =271 + T3,
Ty = —[531 + T3,

VvV = lQ:’El + 11572 + @3.

XA RGO U TR R S IR EE A

Kl 1 LADRCH S 45t IR H)
Fig. 1 A feedback structure in LADRC
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Hi(s)= _S(ChSlJr%)’

1 AT DA 5 P 2 (4 4% 328 R SOHE 1)

Kl 2 LADRCHHr &3 b Atz P
Fig. 2 A new transfer function diagram of LADRC

A1 SHAEERSHERCC 1412 B, K2
ZERE: B, E2BA BB G RN ) B AL 138 PR AL,
MR LUR S5 H 7 RS He (s) MESOIRZE T RS Ho (s); 2B
=L FRGH(s) IR A B, IR 5E, TTF REHo (s) IR 55,
H181, B2, B3R 58, W] LAAT & 11 28 =, ST R (DI S EUAH
TEMEGRILE R T RS He (s) 10T L.

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

TR S0, IR A7 B e i R G AR e
M, I E S HE S A5 RIE, B R(1)-Q).
LESO(7). % ] #%(8) FITDZH. i FILADRC, H: PH ¥ 4%
R A E28 AR AL RE BRI S5, 1B,
Ba, B33 7NN H . (s)F1H, (s) I s E H, () Y

Z X RLADRCH) Z H% €, 7T LEAE 4S5
a1, o N ERE, BIE WA, LB, B, Bz KT
IR WS L, TG B PR L PRAE R Gifase
FEEH R SRR,

IR RIS LADRCIH S E0R P e ik PR AR 1
LB BRI R, TR, A SO BRI 5y
HILADRC)Z 0% 5 . iR I PN HiE S
W [15-16]. FIREHIZNENT5E LADRC A WL [17].

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

NS AT DA AR B A, Sese . B St
43 HTLADRCH PR PERE. SEBR TAF oh i s 1R
AR, BT BT 58 RSO e s R
T PRI #E .

T DAR P A TR, R SC 31T R BB
R ST, A SCHRBIZE o #1512 1645 528 b5

B e B2 H (s)MH, (s) 2GR0 S 153 ] i 5
I B3 PR 3 R B A7 S A 3, e

_LHC(S)HO(S)7 aj 7& 07

Lo(s) = “

1
——H.(s)H,(s), a; =0,
as

) 07
k= {a1 61,17é

ag, a; =0

FEMRPEIE &5 . B3R U, MRPUE A R, A
B 8 PSR E AN 7 T — R AR LY Bk R
a2

18 BT A — 22,
aq

P 3 H P2 i R A R s

Fig. 3 To re-draw Fig. 2 to unit negative feedback form

4 WL 2% 58 T DASE T4 ) 4% 58 A R
(The reason why observer bandwidth can eq-
ual to controller bandwidth)

[ SC 7140 i T8 32 DA, 121 85 i 6 oo AU 25

i Biwo, HLFELADRCHIZHUHE € b A B ZAEH. LA

A—Mitw. < w,, ZAJELA

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

IS T RAFHIOR. AT 7 DL Hd R
BEMNROF Har > 0Hay >0, L T mH3F
L RRR I B

A)
Wo > We > 2%;
ay

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

C) k#*

a2
We = Wy > 2—.
a1

3G oL 35 LA A DA R (12) 4 S B, bR BL, e,
Bs.
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4.1 FFEFH k. F AL E (Locations of open-loop
poles and zeros)
EIR3IMIE LA, BI3H Lo (s) #RHH H. ()R
21 =0, (13)
)
2y = — 2. (14)
a1
WMiay =0, WMzy = 21, WAFRESE, Lo(s) R R

XFTFIEILA)IB), Lo(s)f - HM N

P1=DP2 = —We (15)
A=A AT
P3 = P4 =Ps = —Wo, (16)
PAR R
—3w, — 2w, £ j/3w?2 + 12wew.

Z374 = 9 . (17)

ZRHE T G HLA) T AR A —w E SRV RE L TB)
Hh = AR A —w, ERET .

XFFREILC), Lo(s) 4 LB A

D1 =P2 =P3 = Ps = P5 = —Wo,

PAS X
—5+jv15
— Wo-
4.2  RHZEE R LB (Comparison of root loci)

Bt Xtay > OFI1E L, FIMATLAB i 3H 1 I 1) A
MK, nE4-6fR, JSFER EHEBR AR iRtk =
ay TR IR s IR LB, 30 5 T R AR
FUBAR AL 1 5, AR P HAE T A P L P
PAILADRCHS 5E 5 Ho ik, #BA — X AR 028 M —w B0
—wo T B, WA EAVE TR HTHE, AR JEAE R pia Mz
(ST} S o 2 e S 1 1 SN 1 O & g . AN
T Rz Mlzy. PP S A AR X — XS AR P |,
BALEAHZEAR, 5=, 38 ETTEE A — KRN
T B S T — oo, — XS AR PR 7 )k N R zg
Fzy. ZEHNAET, FEBLAYFIC)H, IX—XFEAN 25 F124
(PR 132 B4 M\ —w, 73 B8, T LB, 3X — X AR 4
T 58 53 il N —wo Pl —w, tH K, s A S BlRE 7] T 47, AH
B A B RN AT DUE Y, 3FHEAL T, k= a B )
EEEZN I VAR =S N

Way = 0, WZE 2 Mz B A, 3Tk E R AL —
XPAR BTN 53 ) DNy T T T 9 R gk N LR )
ARSI TEAAAS, 13235 0] FATVEESIE.

DRI A 3 00 AR L 28 R0 P BRI S5 A B ZE AN K,
A LA 418

X Fay > 0,az > 0. 2 AR B, B4

1

(18)

23,4 =

HTTEL 4w, = wo, TS FFHZ 11
Ot PR T 3L (1317 Dhikw, = wHJSUH.

K 4 LA BB, 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

Kl 5 1B IR, Hofr: 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

6 TEOLC)HIMRBPIZE, Hrh: we = wo = 80,
a1 = 3.085, ag = 100
Fig. 6 The root locus of Case C), in which we = wo = 80,
a1 = 3.085, az = 100
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3F BB AR R B K 2 5%, A R E BB I,
3%4:'%%%}:%@@&:%%%ﬁa?ﬁﬁa—w@z—%%ﬁ,ﬁ

— 22 20 RS s

al s
3 EARIES AR B SE AT LU 72 — B LTI 5
HIZHEER, Fwe Mwo HARKTLADRCHIPERER A K. X
R MT BRI,

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

X 28 ay Mao AAEA RIFIERRIE. AT HIHRA

IEREX — I

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

(131 2%, Blay = 0, w, = w.=100, FIMATLAB{f

EI3HIREIZE L, T4

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

IS PR AT st AN R CL 8 B2 b, A TR A
Bl DA, i TR R AR AE T 2 11, Xt
TR a FHUE, REHRREN. EEEEa FIER,
PHARR s AL B R AR A, R R e Rt = 2 24
A2, XA (1314 R 2.

Bl 7 ay X AR AL E IR, HH: 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)

Yay, > 0HLER, ap 7 A B 720 %
a \ Lo ~ I
20 = —Q—ZEMEEEE%H@Iﬂ%WﬁMET Y [13]FZ
1

3, Bla, = 3.085, w, = w. = 100, &
as = 0,100
A PVERRERIE I, 30 a, = 3.085F i FERHZ A DL
bRy, nEI8AT s, WA AT BUE H, ao MOIE INE]100,
P S B IR R /N, AT DARELIL,
as = 0.1, 1, 3.085, 10

B, IR S AL B AR R BN, Rl ap M
O34 1N %1100, &SRO MERE 22 IR /N, X AL [13]
45 R —3.

8 ag X HRBPZEAN AR AL B R sEmE, o
we = wo = 100, a1 = 3.085, ag = 0,100
Fig. 8 The influence of ay to root loci and locations of
closed-loop poles, in which we = wo = 100,
a1 = 3.085, as = 0,100

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

WL BE 7 TS ay, as [FIB EE R LADRCH]
EREE. B, BUERT RS EN

a; = 3.085, ay = 100,
T

a; =10, ay = 0.

H 8T 4, fRHFa;, = 3.0851Mikay M100JE/NE0, F]
Wt AL B WA K. FHHET, fR¥FFay = 01fiika; A
3.085H4 K 210, IR AL B Z M MA K. TR, ap
M3.0851 %2 10 [F]H ay 100980, LADRC I 14
RrBEAWAK, AR A A R,
6 %51 (Conclusions)

AR SC A LTINS R 9, B 7t T LADRCHIZ 4L
HEOE ) L. K S E B M — MEAE A E 1 1) A
A R L ) O, A D AR B B 9 1% ) R, I P AR
TEARRE T SCLBIR I TR, e MEULEH T 4% 35
7 i AT AR T I 2% A 98 1 R BN, DA XX LADRC B
X RSB E R R R R X gt R B, R
S HTLADRCHIA /1 T K, w] EELE XS s i Al B 5 2%
XFR I3 b A B EAE .
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