FE3EH 2
2017 £ 2 H

w4 25y A
Control Theory & Applications

Vol. 34 No. 2
Feb. 2017

DOI: 10.7641/CTA.2017.60321

e/ MEAL R FERERFE R 2558

MARAEL, SR BEL, HEET, £ 52
(1. REER: A5 AL TR, KA 300072; 2. el KA FREARE, Wk BE L 066004)

BE: R/ MM RG AR AR T RSN RS 200 IR B0, 45 92 FE 2V R S BR B ) 1 i,
R DL /NI R G AR AL 1), ANBE B A T ARl /ML R R, B 5 AR S /ML R G ER BRI B8, Xt 48 g 45
HIELS I R AR 78, B BB R R S AR SO B AT EE E N 2 S R B ) AU I BRR AT SRR i e B
bl f /N AH A FR G BR R ) T v R AR SRR, 4 R UL BR R RIS B ER AT 028, ST AR S M R ER A
FIRFEAHELE . SR 5 I GEZHE 20T & RO AT VEAN 1. 35 0 He ARl MBEAL R G R Bt e PR . &% e S 45 1
B W FCATAE ) — L8 o) e 4 J5 1 R R D TRV 3R AT R BE. AR STV H I AE T (6 3% ) T St AR S/ MBS R G BR R
B — AN BONTE WA,

FEEA: R4 AR MAGL; IREEE R ZhA; HAERR

FE 5SS TP273 XRKFRIZED: A

Tracking control of nonminimum phase systems: an overview

YE Lin-gi', ZONG Qun', TIAN Bai-ling'f, WANG Fang?
(1. School of Electrical Engineering and Automation, Tianjin University, Tianjin 300072, China;
2. School of Science, Yanshan University, Qinhuangdao Hebei 066004, China)

Abstract: Nonminimum phase systems refer to the systems with unstable zero dynamics. Classical tracking control
theory, especially nonlinear systems tracking control theory, is developed on the hypothesis of minimum phase systems,
which prevents its direct application to nonminimum phase systems. As an extension and implementation of classical
control theory, it is of great significance to investigate the tracking control theory of nonminimum phase systems. This
paper makes an overview on the current achievements in tracking control of nonminimum phase systems. First, the basic
idea of each method for tracking control of nonminimum phase systems is summarized, and a basic framework is presented
by sorting these methods into approximate tracking and exact tracking. Then, the methods are introduced one by one
according to the preceding framework. Next, the tracking performance limitations of nonminimum phase systems are
discussed. Finally, some issues of the current research are summarized and an outlook on future directions is provided. The
purpose of this paper is to help control engineers acquire a comparatively comprehensive understanding in tracking control

of nonminimum phase systems.
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EH/MALL R G R A S AR E RSN RSN,
19884F-Byrnes fillsidorifig Hi % 2 &P ME S, K 5
/NFEBL R G HE Y R BIAE Lt R S, FE¥ 5 T LA
HR G NBIHELe 35, AR s/ MEAL R S IR R
Hlset T H IR T A.

MRHE SCHR (1], RGUIRAS AR 73 L 5 AR
AP ERIRES. CAnBf B4 N S (single input sin-
gle output, SISO) &4t A, X4 Hi >R T B 2t Bz
BN, KRG HIBE B BN R GERIFHNT Y, S R S

Wk H 1 2016—05—16; H H: 2016—12-21.

TiE{E{F# . E-mail: bailing_tian @tju.edu.cn; Tel.: +86 13752505380.
AT HEIR.

U FE(—ERr — 1 FEOFRRINIRES, HRA
e F s R R EERR RSO IR, R
BRI FHRA BRI, X2 RF N FibrAER
IR, FRNByrnes-Isidorifn i 2 (B-IARAERY). — A
Z SR N] L oy [F IR 1S B B-Thr R, B
PRIGIRTE 228 SR [1). — e, nBi SISO S 26 1%
RYNB-IHER AT RN

&7 = b(€, ) + a(€,n)u,

1
n=q(&§mn), M

ER EARRIEIEETTH (61273092, 61673294, 61503323), FFE-LERIAE LT H (2015M571282), 732 B iRHE I H (201502A178) % ).
Supported by National Natural Science Foundation of China (61273092, 61673294, 61503323), China Postdoctoral Science Foundation
(2015M571282) and Qin huangdao Science and Technology Project (201502A178).



142 oA R 5 N A

34 3

B e=[6 & - &T=ly g - y"ITer
NRGHIINEIRE, n € R NRGHNTBRSE, N
HRAS I B ) 25000 = q(§,n) AN RH
SR

u = [=b(&,n) +vlla(§,n), (2)
B AR LA, 153
&’ =,
3
n=q(&n), )

AR R EAEAL, Ferho B T, &
G R T — A rdER LR B T RGN — A
n — r#ERARENE NI T RS, WIE R,

SRR
N
s )
v 1| & 1| & 1] &
3 R 3 Y

n=q(& 1)
IR
Kl 1 B-ThrifERd

Fig. 1 B-I normal form
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q(0,n), XA LN R G F R K. A/ DAL R
SRR G AREFNENARG, ELIERG T
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PREFTEHIE R R Gt ERBE 28 2 KIS 5 iz 5,
AR f /N ARAL FR G0 R ER B ) L fee /N A 2R G R AR AR
%, Fe A ] AU 23 DA A HE 1) R A /AR 1) 2
X R R A R AR DL ARV 2 22 ML B ) 32 2
BRI KL ER . AT LA, A fie NG [ B 521 28 8 4%
PERE IR E S 7 T 7 R (kA T ERAS
€. AEEIAN RS MR R S RIIRA X AE
TENSHIRENE, SN RFE MR T A Bh&
KB HIGHI R BREE. M T RS, WEER
& ERETE, PRI A 75 BT X A EIR A et PR B ]
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DR b 23 ) B =% e L P BRI AT N B AS AR E . 224t
A L ER R A B 1, n S ek A | Bha I,
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2PN BT REL, TERAIE R GiAa e vEP). Rt
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ARf/IMHAL R GUAE L PR I A AE, L 8
TN AR e E AN SRR S L N VA

JRU-12] o2 i p] R (13-15] | 35 ZE116) p r17-181
FK AT, KA, e B EPE RATHS (vertical
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TR E FERAERERZ 2 — B R . Dy,
NI R RGBT 7 REDHF, XK 1 3F
/L R SRR BRI R .
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AFHET LIRS &P 225 3R, 2B,
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R PR R P A JC H R R AR B i PR e 1), A3
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PERERR, e Jm 7256 1T AT B A 2.
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(Basic framework for tracking control of

nonminimum phase systems)
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INFRAL Z G PR BRI ) 5 v 2 BLAEE RAR AL R % BR R
51 (zero phase error tracking control)!®327361 = §
Smith 7 f4; #%(generalized Smith predictor)?®'. % i &
& X (output redefinition) >33 i i i i (output
regulation) 0421 JE Ll 152k 1AL (approximate feed-
back linearization)!*3! [Kl - 4} fi# (factorization)! 4446 |

fa 5 ¥ (stable inversion)*"01 | Zf) &g #1501 faE
Z Y0 (stable system center) 33039145 3 EHF 5 2
FAFEE KFD H K221 Alberto Isidori, & KFH /R
HLEE T K24 Leopoldo Jetto, 35 [ 57 fif HE M 37 K241
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Costas Kravaris, 3& [E 5 M K2 #John Hauser, & [
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Fig. 2 Development route for tracking control of nonminimum phase systems
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TR, B HBEOREXT Y IR E 5 B RS IR E,
AT — M B2 (5 5 R ARSI AR . T3
LR R 48, W LLR AR B AR 8 TR 0 A
(stable/anti-stable factorization)*+*1 Iz A IE 5
PRI AT A AR A S T
R H R 2 Bt UGV SRS 1 BR B, A2 R R
BRI U L R 2 R GREE ) AN SE 5
M. BEE I 25 R S R R R 22 A AR 4
BB E BIZE, SR 95 SL B VR S B PuliE st
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BAARESHPOL TR, XILSR R ARG KL
FE, BI: 55kt 25900, SORPT s 42 i 4m AR

FEN RS20 R g iR 1) A Dy /M
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ST FA — XK AR, SUR T L
AR NI EN A X T AR RAMAGL R SE, IR
HEF SRR T ot a2 0, Wy AR g — M
JER AP RS AN A B ES R HTIR S A S AT v i,
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H F 5 S IX P AT AT B S AR TR T et
R B 1 ) 4, PR OB R s ML, TT BB
T oF i L R A G AR 4% ) g vkt S A5 e
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Ji5 SR 1) 2 2 Bk, IX K T7 VA AE T U SmithTRAL
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control)[® 321, AT 15 22 B 4 1] 10327330 ) g
W 22 BR ER 4% fill(zero magnitude error tracking con-
trol)[%-321, F 25 25 M % M (statically equivalent out-
put)l4-5:37.62-641 %5 FEO B ik T R /MO
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o O B ) F B A5 2 A e BRI AT ., I B I8 3 i) LAd
T B-ThR B S48 38t 138390, oA 7 vk e A 4
1H % H (flat output)!®24 | ) 5K E (assignment of
zero dynamics)©314%,
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SRR/ MEBL RS IR R 7143 LR
Bt 5 B RARADL 2 8 1 W A1 - 43 fif 5 (inner-outer
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Fig. 3 Ideas for tracking control of nonminimum phase systems
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RAGWFEATER, T3 BT RE A — A TR,
B e 1 1481 BRI R A R R ) S I AT DA A AN 2
BR: a8 ot A e Wi h . R s g vk T
AR F S o i 4 45 g RO AR e B 0 0%, BLFRIRAS
PR R 2R SUR 5328 28 M 16 J7 ¥ (trajectory lineariza-
tion)[03), 1 T] LS FIARHE AL 5038390 S0 4
Ji PR A A E 7 O AT Y X, T
Bt ARG A. 20 R T RASE I, SOk b iR
T 2 MR E T, SR UM R
RO e R ER RS S S ha
ARG 74, B @SR SR TR R . %7
R R RIEAR IR, BEOVIR 2 — M85 5 ik R i
— N RGHRE. H M TIEREE RGO
(stable system center)>6038 {Z I RRSHE S

HH—/NMRHIE 2 X D 2R A R 4072, Al
THAERE IR e W, VAR T ) — R R %, 2
FE A T OICE B H B R R . 19964F, Devasia
P 7 B K B F2 5 18 775 (noncausal stable inver-
sion) 8], FRE WA T R, %07 IER N E)
ARG E AT E TRy, o 7 1 a1
[ S [RIRR 3, AN 3870 i 10 e i e ] B[R] AR 4345
B, 3& H TAEAT 275 500, 1277 1 sk i A 75 2
B2 P BT A K KAE E. 19994, Zou Qingze
$2 S 2 g 16 )5 7 (preview-based stable inver-
sion)16-671 ] D@ A BRI 8] P4 I S5 5 B R
fifte e, AR E W BT N R A AR T
e
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Fig. 4 Basic framework for tracking control of nonminimum phase systems

3 e /DAL F GUik L ER 5 4% i (Approxi-
mate tracking control of nonminimum phase
systems)

AATLRR RS/ AL RS B IR R T,

XRTVEX FALAS 5 BESE DL PR ER, X — i A2

59 RETRIE RGuAGE HERE R ZH AL T %I

2 B =R R RS VR T AGA.

3.1 EETHRCE AR /MARL R G D IR BRI
il 77 ¥% (Approximate tracking control methods
for nonminimum phase systems based on pole
assignment)

SRSV FH i VR 224 R ) L AL R

o) R, I A A A B S AR 2 RS RELE. T
LR, WFRIRAS SOt b % H 8 e A% R
7, BT FELRUE R Guke e IO AEA b SR 1
ARRER. X THELRME R G, 75 B A S
PR IR IE 2, TR M S B BT s i 28, XK
TR AR E R T A 7 1R BN AT BT,
NS AT,
3.1.1  FRE/AFEE N F 73 ff I (Stable/anti-stable
factorization)
AR R 7o kiE TR dE vk R
0. SCHR (441048 Tz iE R A R %, 1 i &
TE AR AR 3R 2R G A — PR (1 B-TAR AL



146 oW OS5 MM #3445
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fia = M€ + Ny, (4) E(s) = Ya(s) )

s = V(& M Ms)-
AIFRHERL3)FHEL, IX B BN BN/ T AN E I
I3 MRS TE H5 s, AFEE HRIr R LML H 518 E
o3 S AR, BIANES E 5 43 AN SR E T 43 (R 52
IRIEATGE WIS TIMIIRS (R ZE R G — it
W R0 B BFUE TRIE R SR AR ME, R B
FETE I R . FEIE M6 T, 207V mT SR
AN E e/ MEAL R GRS S N th Ze it Ax, A
KBRS 5 R e SEI AT AL LML, 6 T — R AR 2k
MRS, ¥ N B AR E F RS A8 R AR 2 e
HI AT REMAS B B F R E 2%, TR (451048 7 —Fh N
FIASIERA T, B A R E NEIES I
B TTgEA T i A 4 ] DA SICEILHA 28 (R R AL 4.

3.1.2 &I 5 (Dynamic sliding mode con-
trol)

SCHR[51-521 8 %F SISOE e MHAS AE 2 1t R 45,
PR BT, SR [53-541 %1% 7718 e 212
i N\ Z % H (multiple input multiple output, MIMO)
e/ MARLAEZEYE R Ge. SCHR[55145 & AT Al
TEL S H TGN TTE, BEE A RE H 2 B M RE.
BIARWEITIEE R T BA 20N sh & B A B
NIHI RSt 2K 5 2% YUk A BRI S 20 1E
NE.ALITIET BN RGN — PR R bR,
IR JEARTE B U BN 2R e BT Sh AT AR, R
W ORIE R Gifa0E HERER R ZZUEN. &7 kA4
R

T Sl I AR FR AR R G A N — PR bR
TR 68]

n=Qn+ P¢,
£=Mn+ NE+AAM, &) +bu, ()
y=Gn+c,

He:n e R € e R, AA(n, &) AELLPETR, 42
R . Wt shA TR

s =&+ o, (6)
Hrb o ERER R Z I BhAS U, B
o=W(s)e, e=ydq—y, (7)

Hordr: ya RSHEYPIL, eREFREE, W (s) ZAF 3T

% bR K. XA IEBGR R R A 1 KB H

12, N ORIE SR e A I IR BR ER IR 2 W Sl it 1

FRE. B EAE G, W RSSO
77 = Qn - PJa

8
y = Gn—co, ®

1= W (s) = G(sI — Q)"'PW(s)
RS THT )32 B0 2005 2 PR AN 22 27 6, 9 T ARIE
RGiAENE, M RGN B AR E WA, BURIETT
e
1—cW(s)—G(sI — Q) 'PW(s)=0 (10)
AR R A 2~ T L, TR A I 0 Z PR UEAE 2
A TRaS R E e NE. MIELEEH, 1

s = tlgglo e(t) = ll_I)I(l) sE(s) = 0. (11)
ERAR
Y () =0,i>k, (12)

RADRE (1D FA A TR I LR, P55 5 1A
A, IR AU BT VR R AT Bt S & BT
BRI 7 5 B, INE R AR KRR YE, Hth
XY R g1, 1 HERSH LN FAE AT,

HBEXHRA IR LR SEIL AR A IR 2 IR R, X

T 55 R RE LI AR ER.

3.2 BT EE AR R/ MBS R G PR ER
% #ll 757 ¥ (Approximate tracking control me-
thods for nonminimum phase systems based on
output redefinition)

IR S QRS U NE G T R | S = N LR
G B/ NARL R G, SRS R B IMEAL R GE R
THIRERE RS, 0TI RURER, R Bo s, Ak
ARSI, R HR AT R S e R A A R
Wi AR5, DA ORIE S HH X 225 U A AR K. 1%
KT FAFE L Smith Tl #7101, FiR 22 IR ]
I3 RS SR A A th D7 R 1453762640 e
R ) T M R 4, fn— A& M TR &
g8, N AT 4.

3.2.1 J~ X Smith T {t 2% (Generalized Smith pre-

dictor)

J7 X Smith Tl & 7 A8 4 T A B4 )5 ) 8
%, & Smith 0l &% HIHE . 41 )5 KRG KL KM
Smith LAl #3109 & H ot B2, Smith Tl #81E
ARG GRS 5 NAME R B, K il TE % i
bR B (R Al e A o Hefh A o, AT SR T
P — AN A SIS 1 R S Smith £2H] R Gl K
I SR I A 1982 2 1 PAIPA 2 A, A i) o
KRR . A 45 Smith Tl 25 A EAE, SCHR 5182 1
" X SmithTifdi %% (generalized Smith predictor, GSP)
I, 1& T2tk AR i IMBEAL R St GSPHITREES
A

XTEIERGG (s), X RGALRBFEAT 73l
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G(s) = Gp+(3)Gp—(3)a (13) 7DCETC : Gm(s) _ Na(;)Nu(o)’
et Gy (s) RBAMBRIESY, G (s) 93N s N(jgo)
BLEBAY, LI Gpy (0) = 1. GSPHT i LU /ML ZPETC : Gu(s) = 71)?3) N E‘_S)» (16)
TR E N ST g, iSRS, N (S)]L\l[ s)
Yy w . " ZMETC : Gn(s) = =—————.
—{ Gs) |G, () T G0 | \ D(s)
A] )., ZDCETCSLFx 5 GSPH R HE & —8U1, A
e mbge, RO L E R &, A a] e
5 )7 SmithTiift e i S R gk S A M E P BUE. B TR
Fig. 5 Generalized Smith predictor WES S S5 B M E e S E, ZPETCIRIE
Sy R G R A H HA A B AR AR, ZMETC I £RAIE B A4

Y (s) Geo(s)Gp-(s)
Ya(s) ~ 15 Go(s)Gy_(5) 0+ (D
Al WGSPEEAT T-#5 il — AN e /MELL R 4, PR
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322 FiR Z W B8 ) J7 ¥ (Zero error tracking
control method)
XA X VE R G () — 2 H e U,
SCHRH R Z AT B RURS), (HiZ ik ] PR
T RGP, TR 2 RS ) 7V 2 X GSPHIE

i, & — P TR H ELE 7. (H2 GSP
HoB S5 RIS R eI T REA TR E
T, AR —MREFRIEARL. AF ot, FiR 2R
R ESUT T T4 — A0 i BB ALk, 43
B B S H B A E R, X RO VE R A
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HIFH I E6 R,

Ya | BAMABLRGE
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Fig. 6 Architecture of output redefinition for approximate
tracking control of nonminimum phase systems
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puts method)
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3.3 HoAt R % /N AH AL R G AL R R R ) 07 1k
(Other methods for approximate tracking con-
trol of nonminimum phase systems)

N X AR R AR AR ML R S R AR
PREFPEH T2, EAE N ANA T2 R AL AL S 152k
AT
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P AN R Gy i 114461 ot Je KA AL R 8
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RN IR )R — AN MEALER 73 (SRR ). SR, JE
o/ ER > VRl g, 4id 0 ) B L AR
RGHWEN—ANIRBITTR. ARG RIERAF
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SO N A B RO S S R T R RS,
M%7 R Beid T KA AL R 4.
332 i fl ) Bt 2 M A J7 Bk (Approximate
feedback linearization)

WA R AL v 43 E 553 E B ME AL &R
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A s, WA T 750 N SS AR & 2 8, £E 0
SR MR B T R G (A
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tracking control of nonminimum phase sys-
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4.1 2 % ¥ it H J7 ¥ (Computation methods of

stable inversion)

FE T SRR 458 f th S B P, 4EFF
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(24, uq)W8). F22 I T B2 — ML TP IR 7,
BRARE ARG AL E S H RS . X T
LIRS

& = Ax + Bu,
y =Cu,

Hr: x e R, u, y € R™. Fa@ il 2 LA T 5 HE:

(22)

Ry,

RYiiTE,
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(23)
Ya = de.
XFAEZME RS
&= f(x)+ g(x)u,
24
y = h(z), &4
r € R", u, y € R™. iy e LA i HE:
iq = f(2q) + g(wq)uq, (25)

Ya = h(za),
BRI SR A5 E 10 25 T SR A A 2 100 77 R (23) BI(25) 1)
A TR 546, FaoE 10 AT DUEB-ThR #E 2 SR i
TEB-IFRAERL R, AR ECIRAS S5 DU 2 i Hh Je L
#Hr3, B

§a=1[Ya Ja --- yér_l)], (26)
T 380 P T A58 7 £ A SR A N IR S 225 B2,
B PN ERIRAS A i, SCHR P — IR A Oy BAR N B A
(ideal internal dynamics, IID)138!. 2 4 AR 2k 1 R &t
N BhESTH = q(&,n), NTHIIDTEA

nd = q(&a,Ma)- (27)
FHRIHE, T2t 24, B HA BN
n=Qn+ P¢, (28)

Hr: Q e RO-1IX(=n) | p e RO=1XT AR GIID
JIRERIS N
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A 3RS WS v, A RR B K7
s, Al kg TRe ¥ h e, R 2%
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Fig. 7 Flow chart of three stable inversion algorithms
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4.1.1 752357 (Regulator equation method)
AR AR A T R T 218 (output regula-
tion) 40421 Z AR IR S P B — AN AT
ARG, R AR E R A RGUIRAS R BREL,
IS ST T AR T R SR AT B E
RS EAE Fya HEL TSt R 5074
w = Sw,
Ja = Ru, (30)
Hrbw € RURIFRGUIRES. H A T2 R 5 (22),
PRIER In] A A LT R ] R
i = Ax + Bu,
e =Czx — Ruw,
W1 H AR e W Sk B . ik fae i 5 4
HARGUIRE Z A L DL T MG &
zq = Xw, ug = Uw, (32)
Hor: XeR™ 4, Ue R™ O R ANFEFE. 137 50(30)
~(32)AIHEREX, U i LA R 7 F:
XS = AX + BU,
0=CX —R,
KRR A T L, B — AR TR, R X
URiAS3) 1 AEl.
XTI R G (24), RS 5 HIN RS
(30)7 A4z, TR 7] U A DA AT 14 T Al
&= f(z)+g(z)u,

€1y

(33)

(34)
e = h(xz) — Rw.
IR E I 5T R GRS A 2 LU R R &
zg = X(w), uqg = U(w), (35)

HPX (), U()Rrndegitm sl 5720(30)(34)-
(35) 13 LA N T HE:

”;g”)sw — JIX (w)] + gIX (w)]U (w),
0 = h[X(w)] — Rw.

(36)
Kg AR LR R T 28 T AR, B — N EEL M Wi 7
T, T TCsRAGRE M. SCBR (72138 H 1 —Fic il
e SR %, W AR 2 M USRI 22 8 R T, SRASHI) AR PR
ok Wi ol
4.1.2 ¥ R G+ L J5 ¥ (Stable system center
method)
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SSC)- U i i 2 Pl — MFIE 2 Tt 2
IS 2 G0 A, Wl T 48 R IE T D, 8 i gk B
EIE WSO RUEAL THR ZE B ISR B % %0772

T TR MEAARZ M R 48, LA RGD T FE(29)
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55 e N ELAE P B e A THE, 2 8e(i = 0,
ok — 1) R BUESERIE 2 T
Mg M le o red+e=0 (38
IR FRALE 2 2P (i =0, - -+ k — 1B it
B3, VERSCHR[56]. & XAtitRE
ey =14 — Qila — 0, (39)
AT PAIE A THR 200 2 W R R
e +ep_1eD 4+ e, =0, (40)
R Al AR ZE B S B 2.

SSC VAR AL TS feue 1, AH L1 88 777k
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inversion method)

FE R A s W7 VL TID 7 FEsR i ha s i, &
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R

BEXF LR R BD T FE(29), S il i AL bR AR okt
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et Qo A RFIEHRAE 22T UL, R RIRSE I iy b F e R0 R 5% 4, OO e

QuITARHEARFE A P18, X BT EHor. N T
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R
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R
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0
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I8t PicardiE AR 7 vk ] LAAS B Z T FE ) i
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() = [~ ot = 7)a(a(r), mm-1())

- Qnm—l(T)]dTy m =1,
(47

2m — oot () — na(t).

B BT RS R e DUE H, JEBR R AR e W75
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X EME i R eV SO E I s 3, AR
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WS W AT O, e e R T AR UV
T I T PRI TS AT B AU Ak TR, A8 TS AT 1]
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WAE W T ET R EEE R, SCER (7617 A
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regulator based controller design)
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Fig. 8 Architecture of feedback control with feedforward

control
R R H AR T (g, ug), EESLIRZEARR R
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Z

(50)

Q
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Pt SIEEGHIES TN |
u= uqg +K(x—xq), (52)
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EIEZEEN
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IR FFEHAEE .

4.2.2 4t E SRR 8% BT D75 (Output

redefinition based controller design)
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Fig. 9 Architecture of output redefinition for exact tracking

control of nonminimum phase systems
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FRLME RGN B = q(&,n), K ALy A 30
AL, T 3L N Bh ST R IE RIS =
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HAL R G R BRIER AL BE AT AR /MRS 2R 48— #E, (H
e BN B KEL BTN T ORIERR E M, AFf
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