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An Internal Feedback Controller

LI Jun! CHEN Shi-He? WAN Wen-Jun?® WANG Yue-Chao® HUANG Wei-Jian®

Abstract An internal feedback controller (IFC) is constructed by a high gain proportion integration controller (HGPI)
and an internal feedback device (IFD) in this paper. By utilizing the reverse conversion of IFD and nominal model of
HGPI, the control characteristics of IFC are analyzed. Problems of traditional controllers such as complicated structure
and hard to implement can be solved by this IFC. In the IFD, an internal feedback structure with universal order is
adopted, which does not change the actual s order. For high-order plants, the proposed controller needs no order-
reduction operation. A sinusoid tracking filter (STF) is designed to handle the order-reduction of IFC from the vision of
signal processing, which has a better latency feature. The proposed IFC, which has the advantages of simple structure,
fewer tuning parameters, good robustness and strong anti-interference, would have a good practical application prospect.
The correctness and effectiveness of the proposed IFC has been validated by theoretic analysis, simulation and physical
experiments and practical application.
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disturbance rejection controller, NADRC)6.

NADRC fu$f NESO 248 £ Fl % g
W e, AN FI T TARR . Gaol'™ F& [ Hi bk 4 il 4
(Active disturbance rejection controller, ADRC)
BFEY SRS WM #% (Extended state observation,
ESO) 1y 41 Ak J7 T T K & 5 A B TAF,
SCPL T MR B P Sl 28 (Linear active distur-
bance rejection controller, LADRC) FIZk¥:9"5K
PRSI 28 (Linear extended state observation,
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FEST ADRC 1) TAEN I BEE T — B H k. 4
K, ADRC HyHF 55 5 O o 3 w20,
ADRC my#iiEflzgOoR 518 Tk ARy X Hal
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%, ADRC ZEHiILEH L BAER, H
ADRC &5 A —& &8, #lan ADRC 4zt PID
527k, ADRC 15 K bEUHE T A4 TR 518k A
.

SCHk (18] 451 T —# NADRC 5 LADRC )t
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rejection controller, N/LADRC). #¥g 45 H 1) 5L 5
sE B FEI IR E & /i, NADRC iy RELE T
LADRC; R ZfEAE#Lah g (E 8 K Ist, LADRC 1y
PERE X AT NADRC. NADRC 5 LADRC fiX
o 2 S S e T 90 OB o) A ) B[] S S R
E |32 ARV R o X113 G RN < = P YL

it b, ADRC B a5 2 S H T 2 i pr gk
FHIE Y. e TAR S B, 5 g2 i) S b 77
(7). FHPY ADRC T @B s, fAediih
PER B 8. B R g2 ADRC 1y
prg. (H2kE%E ADRC Brgrysgin, ADRC 4t
WHE T E L, #id 3 BrA - ADRC 452
ZAEWEART . H—H, mhr ADRC A—EH A
TREE S, Blpuy ADRC [/ 451 25 6 8 25 H —
pr ADRC WiA~%Egk. Mk, $#(kHr ADRC T
o Xt G A B ) ) RE A AE A S B g i gy (12131 4%
I .

SCik [6] f it PID B KA RO HiH P PID
R TP K EARE, UL PID #4541 2 4F
BREMAAN, 2GR, $FLE, LADRC 2
—F & N PID (Inside proportion integration
differentiation, IPID) 5 il 48 )5 A4 Hil 4544 .
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BREHR. BEES K TR ERMIRER,
TR B E R 28 (Internal feedback controller,
IFC). IFC HA A s ry 4548, BB S H oM
GFREARYE, BORA BT RN A0 1) TR & B M 4,

Feal2 M IFC %5t i mbradilas. HarIFC &
B 7 LR R A 0 EL S A 5 P I RICR

SCH AR AR A PR RN HA ME— 1, T
5.
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Fig.1 Structure diagram of internal feedback control

system

FERE 1, TFCS fy Py B 45 il #5 (Internal
feedback controller, IFC). i A R &4 %5 (In-
put function generator, IFG). #RFRIEAL (nominal
model, NM), 1F5Z R EIEN #5 (Sinusoid tracking
filter, STF)Y, 44 A (External disturbance
model, EDM) 45, IFC fmas PT #1648
(High gain proportion integration, HGPI).
ies (Internal feedback device, IFD) frfa k. Horp
STF HT IFC A AL 3.

1.1 tRFRiREY

E SRR NM ) 2 H g 15 (i IFC
SR BE. S PpiEd X4 (Control object, CO)
5 NM Z e ] feAFAE R KR AH 2 1, IFCS 31X
P ENE A RAFIERN .

EFEMS THNRG, BHRGERJOR] 1R}
GREEATVER R AL, BIaTE s s
ARG . B INAER 4R E L NM:

Ka
A A (RS W

X, Wan(s) 8 NM &b pi . n 2y NM A5
PEBTRL, Je4d. To o9 NM BBIER R BLs. K,
3 NM i, Joi4q.

NM AFZE—Hr RGO, Bl n = 1.
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B RS (Operational amplifier, OA )22 7
NS T IZ B . OA iy A -3 2
OA s mi&hty (Negative feedback structure,
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) RN, B OA MyMIFRZEHE 2 LAXTHT OA H
BRI E R R 2. OA il NFS fefg el
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HGPI 5z & IFD f—FhiAsfnse. HGPI
FikH

WIFG(S)

1

Tucp1s

Whagpi(s) = Kugpr + (3)
L, Waepi(s) i HGPI my% i R 20, Kucpr N
HGPI gy te ¥ s, L. Tucer A HGPI e
A BT s.
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W Bt IFD B 1 IFC Byl eerE. £
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Fig.2 Structure diagram of internal feedback device

IFD & FOD. FOI (@ #% FOI-1. FOI-
2, -+, FOI-n, H+ FOD & FOI-1). I3
7 (Proportion link, PL) Z2fr2H . n Sk IFD AYRY
. IFD ik %

Wiep(s) =
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L
1+ TIFD3)2 ~ \1+Twps
K oft, Wipp(s) 9 TFD [({£88%0. KIFD % PL
ifﬁ? TLEHN. T jﬂ%—mﬁd‘lﬁjﬁi@k&, AL s, 2
HFETHL E n = 2, W IFD A4 FOI-3 7 j5/) FOI
AT
1.3.3 BHERN

HGPIL % $Cit B J5 M: ¢ 1 55 1 7] B 55 51
HGPI, #il4nk 1l OA =23 HGPI, W Jt & % &
Kucpr 1 Tuger W R WHERAEECE 11 BALH 52
M HGPL, W HGIP S4B 52 Kucer >>
1/Kipp, Tucer << 1/Twp. [ BFF5 220 2
Kugpr < Tipp/(KwpTh), Tucer > KwpTh, Tn
FEUE B HOT SRR, B s

JE0 E, TIFD 2405 NM 2500 4, 40 4:
Tiep = To, Kipp = Ko,n [H].
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1.4 ARIGHTHIZFT AR EF
Mg b, RGP E MR TR R SRR
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(
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B R AL

WIFD(jW) =
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Tirpjw =’ 1
K IFD < ' ) 6
P (]. + TIFDjw)2 ; 1 + ﬂFDJw ( )

X, Wipp (jw) A IFD [SIEE %L IFC [ 5HIEI
FRpR%L:

Wirc.oL(jw) = Waep(jw) Wirp (jw) (7)

A, Wircoon(jw) F IFC WS I 3R R . KX
(7) AR PRI ti A A AL R IR TE S,
= (8).

WIFC—OL (Jw) = GIFC—OL (w)efjolFC,oL(w) (8)
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L, Grrc.on(w) A IFC BT A i, ToR 4.
Orrc-or(w) A IFC BRI AHFAL, BT .

BT HRE, fE Kiep = 1, Tisp = 100s,
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Fig.3 Frequency characteristic diagram of internal

feedback controller of open loop

K3, IFC A R GRS E I T
90°, RERSIRIE IFC PIER R GEH) M ERE .

141 ARIGHEHIZFHAEIE R
Bl g IFC R PAIERME LR KL, 3K (9):

WHGPI(S) 1
Wirc(s) = ~
15202( ) 1+ Whepi(s)Wirp(s) Wirp(s)

(1 + Tigps)™
i=n—2

KwpTirps Y, (1+ Tieps)?
i=0
Win ()

i=n—2

Tirps Y., (14 Tirps):

=0

EFD = Taa

9

Kirp = K, 9)

X, Wiec(s) h IFC RHIMZIL KL Wirc(s) 2>
T s TP IRCK T 0B s TR, HIGIRHE n
20, TR 1 A4S s K. e
AR R B, BN 2 IFC B SMEREEIN— A~
Urikim s s, SCHRA T STE.

HaX (9) I, 78 IFD 2805 NM S804
TEOLT, IFC P38 T NM 3R] Wiy (s).

1.5 A& PID #4588

IFC A R] PARIR S —Fp4d & N EB PID 254l 47
IPID &, =k (10):

1
Wirc(s) = =
1552( ) WIFD(S)
1 1+ T n-2
= WIPID(S)Z_(W;I— 1FDS)
=0
1
WIPID(S) =2 + + T[FDS (10)
IFDS

X, Wiem(s) o IPID A& s 8, 2 BEAE I
sras Teps. IFC W45 B AR IPID, HH ALY
e PID kel 1) iy ). X 2 TFC X5 F
PID il 19— 2R .

1.6 ARGHEHIRGAFFE D

IFCS PEpE s R N

WIFC (S)WNM (S)
W _ p— p—
wosen(8) = g (o)
1

(1 + Txgs)™ (11)

L, Wiecs-cn(s) A IFCS P& IS EL. 7E IFD
ZH5 NM SHOGEEOLR, IFCS 3R % 158 pR 4L
FHXF NM A IPERT 5L n BEAR T —Br, R T IFCS
AR W PR B TR . TRCS AN i % 13 55 %5
H

Wircs-epi(S) = Wepm(s)[1 — Wircs—cL(s)] (12)

K, Wircsepi(s) A IFCS AL i 4% 128 25 2L,
Wepm(s) i EDM % i %5, IFCS PH IR M |3
BB, M BR/ME R, SMEIEE NS EDM &
X, HoAr 4, EDM B G o, )
ANy WY IERTER %

1.7 ARREH RGNS ETE S

TSR E N L, 25k IFD 2405 NM 24
XFaE. HAESLBRE T, SEan] AR s B IFC
RAEHRBI Y NM, nIERARA S L. filn, R
Pa— AU B NM it iy i IRC A HF Ui
NM g, o2+ —Fr NM s =Fr NM i
. XL IFC DT Hoh A il g ) e 5 A0 75
P,

Pk IFC 1% i ek Bk

WIFC-FO(S) =
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KippTirps[l + (1 + Tigps) + (1 + TIFDSW
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X, Wircro(s) MM IFC B91% 18 R %L
UK IRCS S FFersitE, Ak (14):
Wircs-ro-oL (jw) = Wirc.ro (jw)WNM(jw) =
(1 + Tippjw)*
KippTippjw[l + (1 4+ Tippjw) + (1 + T’IFDjw)Q}

Ka —] w
(1 7 Jw)n — GIFCS-FO-OL(W)e jbrrcs-Fo-oL(w)
PMircs.ro = 180° + Orrcs.ro-oL(w) (14)

Gircs-ro-oL(w)=1

X, Wircs-ro-oL(jw) HIHBY IFCS {458 I 34 R
. GIFCS-FO-OL(W) SRRy IFCS S T 203 7,
TEHA. Opcsro-oL(w) APUKY IFCS S IF A
fii, rad. PMipcs.ro AR IFCS A 47 8 e #
FE, B7°.

K IFC Z8h: Kigp = 1, Trp = 100s, n = 4.
NM 24k n FEEITE 3 ~ 4, K, FERTE 0.5~ 2,
T, WIEREITE 20 ~500s. 153 pUfr IFCS FissAH 37
ROEM T RE R, |4 F1E 5 Frk:
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K 4 41, PHipcs ro-ro FCRPUKT IFC F25i P
NM FSs AR LR E M B, A ©.

K5 1, PMipcs ro-ro FRRMUFT IFC #5] = B
NM A5 A 7 A+

Kl 4 F1 5 BaBH, Fm P IFC H TkFr NM %
i, A S p St

1.8  ARIREFHFHERFEME

B[ DAFF IFD F i NM i —FhIFERFE B 25
Ff IFD 5 NM JIk, S (15):

WIFD+NM(S) =
Wien(s) + Wan(s) = —o
S s) =
IFD NM 1+ Tos
EFD — Ton KIFD = Koz (15)

KA, Wirpsnm(s) o IFD 5 NM RS £ 14 R
. 78 IFD 2405 NM SHCHEIR LR, i n
Z /v, IFD 5 NM IRy 455045 21— Bt bk 267
IFD B s B cn2—ml. Joig IFD #Br
Bon 20, FFAEIEBUZ IFD 5057 F170BEH s T
K. XIER IFD 55— L ER R 8 1 AR S5 X3 BT 7
R B A FE I S i BRI, BB eR P By (—
Prgi A ) i oA 8 RS - UK I X A
1.9 IEZIRERIEK=S

H N I s il 2 TEC A% 38 s B0 o0 Lt B
Z 14 s TR, 75 Z5E S AGEIE AR T B
UF Y B T 3 2 SR R DB e, 15 an — B fot
P8 %% (Second-order inertial filter, SOIF). {H
SOIF P& F R, Bt kXt IFC iy il 4tk
e S B Wt - AL

TEFE WS A 5T, X U8 7 YA BT AT R 24
AR #RUEN R T —ROR A IR
PERGRIRERR) “FRC ARt o, BAK
ANTUE A R (HE, AR A AR
EIAE, SCHR [24] F81H, SRS s BRI A
ERSRERE, BRIELMEIRB T EIFAEEGT
IFC R AL 2.

SCHR [25] £ B Y OE 5% B ER R 4 4 (Sinusoid
tracking differentiator, STD) 45 ik [21] #&H
FIESZ IR ERE B e STF 4%, & —FhiE T 1IE IR
RO R Rk R uE O Y. WA R
STD MRES A 55 STE FRESH A LG S
SR/, X W TP DRI R AT, RS
AR X%, X STF T IFC RYmab
.

STF py&tafi2 SOIF w45k Y, STF (i
FEH T 2% R [21], ST L STF 15 SOIR
U R SR S R AL S
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SOIF ik M= (16):
o
(1 + TSOIF5)2

=K, WSOIF(S) i SOIF WM& iK% Tsow MR
PEE R AL s, Tsorr WARER STE 198 I I ] #
.

DA A B B BRI A A 151, 6 B NM ()i 7%
A5 56 T STF 980, £ T, = 100s, K, = 1,
1SRN E5 R, B 6 Fris:

Wsorr(s) = (16)

1.0

= Yiam(®)

= 08 F * Yiwusr®) Tor=5s
TE * Yiawst(®) Tsor=10'8

§: 06kt = Yiomeste(®) Tsor=15'8
>
S 04 f

z
= 02

0

0 50 100 150 200 250
t/s

K6 IETXER RIS AR B A
Fig.6 The trend of sinusoid tracking filter features

B 6w, Yinu(f) B NM ¥ A7 R
W TS R S S Yinweste(t) B STF £
Yinm(t) s~ ey b5 . I, STF )%
Yinestr(t) BIFIREE T Yiau(?)). SEEEEREM,
STE Xt IFC A2l Rk A A .

HTXFE, e E B SOLF iR, 78
T, =100s, K, = 1, 58I W 524558, | 7 Fins:

1.0
= Yial?)

S; 08 T * Yigsor(® Tsor=5s

2 * Ywsow(®) Tsopr=10's /Afé/;//

§ 06 I © Yiwsor(® Tsor=15s ////////

. "
< 04 e

s "

z P
>~ 02 A

e
0 s N | !
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B 7 it e s B

Fig.7 The trend of second-order inertial filter features

B 7, Yinwesorr(2) A SOIF £ Yinm(t) ¥
Jil ™R A E S L SOIF fd i Yinaesorr (7)
BRER Vi (1) WA ISERER.

2 IR

05 B S 06 i BB 1T 58 B T AL SE R, %K
HEHOT RN 1s. IFCS % AR AR H
B BR A1 5. EDM SR — B iRy, B
BN Tepm, ¥4 s. HGPI 2%k Kuger = 30,

Tuger = 1s. WXL, X RIS H PID 5
PI (Proportion integration) il i) SZiG 25 5. Horp
PID 6o 16 H R — B4

M PVpi(t) Fik PT =60 B 55,
COpi(t) ik PL #EHlgs )i 55 B PViec(t)
Fak IFC =il B 55, B COwc(t) FRik
IFC #Eflgs i ES.

2.1 WIS FTRITH]

WA *F 4 (Two integral object, TIO) Sk
(17):

- (17)

X, Wrio(s) 2~ TIO [AfEE#EE. Ta Al Ts N
TIO By 2 AMFRSFITH], BT s.

‘Lﬁﬁ n = 47KIFD = 025, TSOIF = 108,
Tirg = Tgpm = Ta = Tp = Kipp = 100s, b
P 0.5, 133SI a5 R, & 8 fik:

.

1 L 1
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tls

(a) IR
(a) The process output
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Sy

1 1 1
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(b) PEIH L
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Pl 8 B3 b e il e 1 0 EL S B 2R

Fig.8 The diagram of control characteristic simulation

results of two integral object

K 8 iR, IFC 3] TIO [ PERAT. e
s PID 5 PD #5 TIO AYSci 25 5. 5 2
PID 4 TIO W4 HEFIX A4, PD (Proportion
differentiation) BEIRX} TIO A8 UF A5, H
FELERER BRI, XTRIGGZE s HIVE, HAik3%k
PR EEZ AN AR (B 1 Bt i
HlVER, Blanse S fE R BOE A T B3l T T
F8 - B3Ik
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Fig.9 The diagram of control characteristic simulation

results of low order inertia object (NO. 1)
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Fig.10 The diagram of control characteristic simulation

results of low order inertia object (NO.2)

2.2 (KRBT SRIZH

5% By 48 1% % % (Low order inertia object,
LOIO) Yzt (18):

K,
Mo = arny
X, Wroro(s) b LOIO (%18 R %Y.
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