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Optimal Static Output Feedback Control of Tendon Driven
Master-Slave Manipulator
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(Min-Sig Kang, Jong-Kwang Lee, Ji-Sup Yoon, Byung-Suk Park, and Ki-Ho Kim)

Abstract: In this work, a bilateral control for a master-slave manipulator system which will be used for handling objects
contaminated by radioactivity has been addressed. The links of manipulators are driven independently by individual motors installed
on the base and the driving torque is transmitted through pre-tensioned tendons. The measurable variables are the positions and rates
of master/slave motors. In the consideration of the flexibility of the tendon and available measurements for control, we proposed an
optimal static output feedback control for possible bilateral control architecture. By using modal analysis, the system model is
reduced to guarantee the detectability which is a necessity for the static output feedback control design. Based on the reduced model,
the control gains are determined to attenuate vibration in the sense of optimality. The feasibility of the proposed control design was

verified along with some simulation results.
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Fig. 1. (a) Master link model (b) Slave link model.

o} vkEE ST SYelBEe) REEY, 5,1 o B3 29
o W, K, m & ME FOI MR &, r,=n, ro=n.

a9 19 wkaE el Sdeln ¥ 24’7—}-4 T WAENE
o A2k

. KB =

master IO + KnOn = Ky = Tie (la)
Jlgl +K 91 g =Ty

slave : Js‘?s +K0, - Ks€2 =Tse (1b)
Jo0, + K 0, ~K O, =1,

07|14 oAt m 2 vkREF, s & SYlo|B5E e
o J,, L% J,, S, © T vheE S el 7
st e ARadeH, 6, 0,4 95, 6, & 27t
TEHe g sde|) K, K, v dde] HHgge
2 K, =rlk,, K, =r’k o", k, k& @] Zdolgt
Olth 7,0, T & Aol BEQH, 7, & vh2H FA0l v%x}
7t 7¥ehe B9, ¢, & Eulolr Bt 9N &7 A
A AgEE g9 F0l0h

HeolN AT vt Zo] vhaElsh &
3|7 g ERe] *‘Z*?Ps}ﬂi FEA 0 e g
=R ] o] &3t A2 AJeEse)
24 % gAERGAE A8, FAZEIRA
(dynamic output feedback control) & ¥ Y 4 YA, A
el NHHS A TS ST He re)
Aol HAx gk we theel n4el5g 2 4¥E
& 5] Q) 4| o] (static output feedback controlyE 4178 3H3 T

glolyn. 7E719|

T =@ {K 5 (8, ~0,) + K4 (0, - 6,)}

P @

_{Kp(es_gm)‘}'Kd(gs%gm)}
A7IM o & FukdulR gdoln Yoo da¥e 4 o
W g 237 SRS o] R Aeln, K, 9t K,

£ 27 vialst wllel

@F &% e FARGHME BT £ gl

MOl 222 - AlAESE =2X K 15 2, K 10 £ 2009. 10

ARl = B 3Rl ()7 @F 29

Kmem - ngl =T Kses - Ks92 =Tse
K=Ky =1,  \Kbh-Kb =1,

Type = K (0, ~6,) ®
Toe =7 Kp(ss - em)
32 Asha gAdHelA Z2xle] B mis gelo]H

Yzel W& Bo: Alln thed ol Yugv] o 9

Az W5 BT 5 Ak 3,
7, =~at, @
ol W) BAY FF oA vt At
6 ()~ 6, (0)=—7, (K, +alK,+1/K,) )

@A oI5 K, ¢ Kk, & AREHHH AP E o
g3t AAF S gk 29 HedAlels AuEEgA
¢} gl Al=Hd et e ool RAgEA Rtk
otz 71se A9 Aojol5L ExP(terative)o] AAA|
e A adrH13-15]. EHAloldA AlY] S HsA
= 7FA A (detectabilty)yS  BHESiof "rlh £ ATelAE
H,-A% 29 =5u9dAe] dAES 2-83cH1s5]

a8 28 (D9 A&"d )9 Aor1E AL viiEH-&

Zoln B PERACle) Aol % RRL vhaE T
5719 93, o) ¥Re Seloln FE7I% A, AEL
PAl71 walch

29 H9QACIE A48 s ()9 7 Z)g BE

SN Adks thet Pk
(1) vkAE 22719 BolX(eigen value) A1, Ao o T
35 Eo)] 8 H(normalized modal matrix) U,

4

m

1=0, 2

=k (1 Ty +1/01), By =1y + I

1 JJ /‘]m (6a)
Um:[{uml} {z“mZ}]:ﬁmL “\/;—/Jl—

a9 2. vkxE-EPoln 3] PEEA T2
Fig. 2. Bilateral control of master-slave link.



Journal of Institute of Control, Robotics and Systems Vol. 15, No.

@ &elol 23719] FolA A, 4, % EEHD ol
@4 U,

It =0, Ay =k (11T 41705}, By =1/ JT, + 75

Uy =[{ug} {upn}]= AL _"J‘%] (6b)

weshy Azt @elMst 2ol 4 zaple TERe YA
7} o] FHshE BARE) AR vhEke g XEEs
AERET} S

W% @ FFH oz A ohe) g,

W+K)C:Tc+’l'd
6,-6, x
= . . :C
g {es _gm} {x} @
1, =bFy
71 7} Age
J 0 0 0 K, -K, 0 0
M- 0 J, 0 0 P -K, K, 0 0
0 o0 J, o 0 0 K, -K;
60 0 0 J, 0 0 -K, K
6, 0 T 0
6, 0
X = m . IC Tmc . Td: y b= @
9.? Tse -1
6, 0 7, 0
0
c:{ ‘ lx“},cz[o “11 0]
01><4 ¢
o F=[K, K4|& Aool5aHel,

M A WA A N2 5P vlansl sYolne
of AT Ao, AIE B T

]_
277 AfEng o2 elE] 98 -Jritﬂ%]' x=Uq
o

w K, 0 070 0o o
K Ky 00| 0 M Ak
. -K, | |0 -Ak Ak
0 -K, K, |0 o o0

®)

o o O O

o] FARHL 39 19] ulAEs}t &yo]lH FEI Alo)
HEHd Ak B 2= AXES A3 A9 sgaith
. Zom, A0 Ae Solzk

10, October 2009 1041

=1y +J,+J,+J5)

Bor = Bie, Boy = Byle,e= (I, + ), +J,,)
71 () & F 2A7Y AR F ARSI {u),
{uy} & 27k uh=El 9} Lalo|He) 23 A RER FAHr)
i} = B [(w) () (u)] 3 2599e VFo=
A2, {u}) M[fu)
F 9k () & {uy) o TV BFRS, MU=
Laxqy, BT

©9] Soldd g o]&ste] HEWUES 3}
S A 221
UTMU§+UTKUg=UT 7, +UT 1,

bl ot o

7, =bFy

P
i
&
3

il

y

(10)2] R A& SolRd v o] B4 W} Be 2ok

0 0 0 0
0 4 0 0 T T
g+ =U'r,+U"1 11
q 0 0 lmz 0 q 4 d ( )
00 0 Ay

7| Bolx| 4, Ak—>00°]H 4, » 0]tk

(10l A HE U 9 A WA 947} Fojmr A&
yolle A A Rerk e gerh & A WA 3A
HEE Aloj7t Brbssith webA (11)y& ol &3te] Jeszt
W AS s THEAA S WA RE BEEoE
Aol7] 2y wh=Eleh HolH FEFHe W7 &5 A}
ol st E nirEle} &Hlo|H TEREV}F o] &
Hole ZAREE Foj7} BrFsEh ol LHlo|H} u}
ZHE w FFF AAZ Alo)7] T2 0lA 711E
th webd B A RoEae B3 AAREE 44
sto] FFEAAS WSS F4ARES e o] 2ES o
g3t A )71E sk WS AT

(Do BAREE A9 HAmE H4E5, Aold
S A 29

G| |4 O
g3p+| 0 ﬂm2 0
Ga 0 0 Ay

6,-6, cU, 0
=li U} e

u=~Fy

=U, bu+UT‘rd

4714 U, e R & Solghde] R WA 3t 3 wir) 42

ALF AFoIW, U, =V, 2-4)- 4=l @ a) °Ith
12914 g5, g3, g4 = A2 F AA, Al WA, T )
WA AgRse] Auseltt F Y AFREA e W



1042

918 vierdrk
(128 FATUYAH 02 ehl] Sis) vhesh o] 4
R EEEN

%={21 Zy Z3 z4 ZzZs Zs}T

(13)
=l ¢ 91 @ @ du}
AEHEEAA TG A7) TR 2t
=45+ Bu+Dd
6,-6 U, 0
S R S z (14)
6,0, 0 cU,

u:|:Kp Kd]y

(19X &3 2 (yeR™), Aidd (weR) & 2

T (ze R™) = BHo] /F58E & 4 Aok 2w
FHL2 (12914 HA LojA Bz Akt

Aelshd (29 AoI7lE ESAWS 2} 6, -6, 6,-6,
of Aojol5g F3t Fulolw, 4,-6,, 4,-6, = A
HE Ueh A @oug 1nM7E 54EY y = A
g A A 2o Futos FAHC Ee Ao
7t B7Fs® AARES A A AFRER AlAY
& HERe] 9 2Hlo] (14)0] gk

I
olo

2
st
FE

(149 NzEe] AREAClsIE Heehd, e o
02 AeHE Aoj2Y J
J= zTQz+uTRu (15)
Aol I,-0150] y wr} Fri,
TP a0 u” Rua
=" <y (16)

Tl ?{de} dt

0 0

y & sk Ao ol [K, K1 A¥ 4 9ok
(15414 Q & wrd3t A (positive semi-definite) T FE, R

2 & (positive definite) TH3 H o},

. AlZaold W dx} it

ﬂ%’z} i# 1= #A Az GAlo|nz, ol A] A2k 91X
G Aol HLAE HS3] g8 dody g
Algdel S AABl e sEnEe
R 19 2tk &Hloln FAd e KaslEe] Fesiug vt
ZE Aol Hs Hadde dugde w4 Ao
1514 FE g 9 RS Q=diag[l0, 10, 1, 100, 100, 1],
R=02 2 35om, kgl a=0.52 7Y A
R el wet AAlE vlEl-mlEAo)o]l 52 K, = 2242,
K, =-61°lth 1% 32 o] Ao7|& 243 w2 F3}
FIHEE /1 225 AFARH AHE o WA, A B

A, F AR AFRee sigErt A3z qAZL fpy =
11.4Hz o|t}. 7z} REo| Tyl s £=0, ¢ =0

ob

Mo - 22 . A28

J

g ==2A M 15 &, ® 10 & 2009. 10

E 1. AEHeld 2o ey,
Table 1. Parameters of simulation model.
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Fig. 3. Frequency response function of the closed-loop system.

f=58Hz, ¢,=045 f,=160Hz, ¢ =009 f,=
43.4Hz, ¢, =0.08 0]tk Al WA 2ol i W Rl 7}

A7} Aomz, o REZ} AHE B
ol WS o A5 4+ ok
HAR Ael7e] A5 B el 271220 @

35 2 AgEe AF

1.0 ‘ :
~—w Master Link Angle
08 {2sesene Stave Link Angle
06
o
b A A
. 044
@ Hi%
<g 0.2 VI kY V\VA"
0.0
0.2
o4 (a)
0.0 0.2 0.4 0.6 0.8 1.0
Time, s
(a) Master and slave link angles
0.8
07 — Master Motor Angle
= Slave Motar Angle
0.6
0.5
K
= oaqti A
ﬁ, 03 1l AP
H 1.4 * i
< o v
ok
0.0
o (b)
0.0 0.2 0.4 0.6 0.8 1.0

Time, s
(b) Master and slave actuator angles
a9 4. 27128 diF 3%
Fig. 4. Response to an initial condition.



Journal of Institute of Control, Robotics and Systems Vol. 15, No. 10, October 2009 1043

SEHE AEHIA T 271

7V 6 =1rad o™, YA 21L& BF A A& 7183}
Atk 3% 4@E vaEY SHolE | <
27) F 94 2% A A2 A wiA Reo 1%
£=16.0Hz, 3=0.09, ] T2 YeP}a S & 4 9o

1.4

12

1.0

08 4 ——— Master Link Angle
0.6 / ------ Slave Link Angle
ool ]
0.2 /

0.0 442 t t

0.0 04 038 12 1.6 20

Time, s

(@) Master and slave link angles

Angle, rad

Master Motor-Anal
1.4 Motor-Angl

-------- Slave Motar Angle

08

/r
0.6 4~

04
ol /
b
oo {b)
0.0 04 08 1.2 16 2.0
Time, s

(b) Master and slave actuator angles

Angle, rad

4.0

35

3.0

25 i

20 [—— Master Link Rate] _
’ \ [ Slave Link Rate

'
10 \Y
054i \\
ook — (c)
0.0 04 08 1.2 16 2.0
Time, s
(c) Master and slave link rates

Angle, rad/s

40

T
— Master Motor Rate

35 /\ -------- Siave Motgr rate

3.0

25

Angle, rad/s
!

olf N
05 \
0.0+ \ )

0.0 04 038 1.2 1.6 20
Time, s
(d) Master and slave actuator rates
3% 5. gl P29 vhiE YA 5T SHEE SF

Fig. 5. Tracking response-normal motion.

W, Aol meE ¥ F gas saze dxssck
2% 4y vhEES) Sdloln FE719) SdtoR YA
S5 AP A e o) 1% F AP mes
, A gEelA T slazke wake

ooz vlay 3% A9 AN IANE S

K
‘q} —— Master Link Angle| |
E» -------- Slave Link Angle
g ‘
0.4
02
; (a)
00K
0.0 0.4 08 1.2 16 20
Time, s
(a) Master and slave link angles
144——- Master Motor Angle
-------- Slave Motor Angle
124
10 f s
o et
8 i
G 08
2
£ o8
0.4
0.2
(b)
0.0
0.0 0.4 038 1.2 1.6 20
Time, s
(b) Master and slave actuator angles
w
% :
It —— Master Link Rate| |
g R Slave Link Rate
= : I
< 21 N
0 ’
) ©
c
-4
00 0.4 0.8 1.2 16 20
Time, s
(c) Master and slave link rates
12 1
o
3 ‘
= | —— Master Motor Rate
2 [sreenes Slave Motor Rate
g ;
<
2
(d)
-4
0.0 04 0.8 1.2 1.6 20
Time, s
(d) Master and slave actuator rates

29 6 2ololn. B vhar] P2 FF SHME 85
Fig. 6. Tracking response-faster motion.



1044

SHolE HA9] npaH A YA FEHSS ABYA
33Tk 19 5@l A9t o] mag B‘ih ARV e 25
063xoﬂ HF YA 1rad®] 95%0] EEEE 5L 1= 4

G5 7PEsISiT o] Wl &Elelr Haxe a3 s@elrel 2
o] mkaE ®HA XS & FFFL ¢ F gk o= /MY
3 vkAEe] 50 Zjurt Bhe Al WA} v Wi %
EEE A 7B dEes BAEh a9 sp)E o
o] 757 AR A3} AR 2F A%e Bt 1
H 50T vkeEs} o)y B9 ZErz $gxy] &
dojB JaE vREYPAE AXNGL 21 gy, 3
S AHolx A2gHe B F 06 B o]FofAM=
T B39 £57 A ZolAt) a7 5d)E vk} &
olu FF7IY A&ER o] Y79 $HI FAlS Huys
Bt} £ro] S EAL 2w ¢ E4o4 9} o] w}
2H 9] £50] Z3u|7F W Al WAs} o HWH AER=E
A 7R em, 7] $He ANt 2 F WA &
EE FE VeRd Aoz BodEn

I3 62 1% 59 vla] wlaE 9] £%0] 3ulE wha)
Z g SHolth o] A9 vlaH W3E 9 e@olr e}
2ol 021 HF $129) 95%0l| Eerdrt o] npAE Y=
o 5l wet EYolu P9 $HL 27) AL Holm
A=, o) 7HAE nkaE P39 £50] Ao F wix =B
= f2=58Hz, ¢, =045F IY 59 Z9o] vsj o Zo)
7REG7] WEoln, F WA AER=s Zhn)yt Auid
o= HAv2 7] NFE ¥y 7Ad uay Fa9 94
2 THES & F vk AN F g3 sAdzte
°‘3}E} Al 3 e 228 S8 A9 284

selolB 2279 2 48RS vos EIstAA npx
S 8ate®, a7 59 e =7 £330 F2 dojg
O A3t gt 39 6] TE7] 252 Y] ¢
S0 AR FEE etk a9 609 6dyE vhaES &
dojre] ¥ A&mel T57) 2452 £ Wa neo] A
ol Bo] ZAHASES £ F gon, F Wy no) 704
HE] ¢, =045 9 23 2Fe S &l & 5 gk

ol e SHORRE oA HAH Aoy Fx & AA

°|5& A& U x2p) & F Sdoln B9

PR HA FFol & o)RoiXn, AAPdE Qb= g9l
Ao Pat 4 gk

tEog 8 F Sl 22377 84 Zato] &
AEE AEEo] 2ExA AgH= %*é% 1331101’4
ST AlEHO|HS nlAE Yao] Y- EQ T 30Nem
7b 2§t} npxE] ©37) slsla wel Sgloln 33
7F vkaH ®3 S FEEM, Yoy ¥t 3d &
05rad 91Xl A3 Bo] RLls|= 2748 A &
golB A9t Wol Huldl w) Lio|n. P} B Alo]o|
4 C,=50Nems/rad, B K, =500Ncm/rad ©) A
sk Aoz 7Pgsith o o] We] gHe mlrh
I3 7@ mhaEe SEolH gae] FHon Zeo)n.
BT t=0344z%014 ol Uo7 o]F &o)n Y3
= 9] HE 540 et 9L Bon, wiaH 3
= A% FAs A $9e 2 ¥ 23747} A1e B9

Fl

prUgnY

g 7&
B 83

Ho - 2% . AIAESS] =2X M 15 &, M 10 & 2009. 10

A9t R B0 A7) S o)FE FAMHE AAES

BRItk webA HE o] F HA Aol AXLJP} !y
AsHAl =H, o] X2t} HjHA|oJo| 5] Fo] FidE
oixe wigkd 93 gt O b vRiEe} &
dolB. 7E7e sHdzer PFA9 £57 FAKR BAS
BYe & o vk a8 79F HEA s &Heln 34
o HeHE Eeast npaH HAd WEsEE E0HE 1B
ek Mg 93 2R A Whake EQ 9} Ldlolr. 3
Z E0T0 FuldH| =055 F3 ELIE Jy=Z=

1.0
0.8 ’,.\ Maﬁer Link-Angle
f X -------- Slave Link Angle
B o8 /\
11}
a I
& 04 l
0.2
(a)
0.0 v v
0 1 2 3 4 5
Time, s
(a) Master and slave link angles
1.0
0.8-+—f Master Motor Angle
i \ -------- Slave Motor Angle
g 06
Qh ]
2 l
< 0.4 /
0.2
(b)
0.0 . .
0 1 2 3 4 5
Time, s
(b) Master and slave actuator angles
0
"!.
20 :
SREFa S
(Z') 40 ': Mastar pbflnnfnr‘ anque
) P e a*Slave Link Driving Torque
> R
6 60—+
= H
b
80 +—i
’ (c)
-100 v
0 1 2 3 4 5

Time, s
(c) Contact torque and reflected torque
I3 7. £doly ¥A 34 AHEA 3
Fig. 7. Response when slave link contacts environment.



Journal of Institute of Control, Robotics and Systems Vol. 15, No. 10, October 2009 1045

etk weba $Egl ghkeo] o) fold A$ I (o)
o] ¥ afixe FdshAl vehdel "k I3 (el
Z 3 54 e F EQIU Alo]E Hao] AW
g 3ukdo] o]FoA x| FpAnl, e} A =g
£ 7443 dnkedo] o]FojHnt F, AN &
Holn, FE Eo g vlay 39 B39 2ol -
RS F T dFeAY gt eak=
FRE Ao17] ()9 Foir] F2A A A

2 EHE Avfoln], R dHloA rlaE 9} ’“Eﬂﬂl‘a

?
Z34719) PP Aol7IE AR

%swu}

)
&
o,
lz
rol, OE
r Ir
41
}«
_VIL
o
HJ
- o
v
]
ﬂ‘ mﬂ
3
ofN
_0‘_lt4
A
ol
o
o o ii o

AngEH

(11 J. Vertut and P. Coiffet, Teleoperation and Robotics- Evolution
and Development, vol. 3A, Kogan Page, 1985.

2] F L. Lewis, C. T. Abdallah, and D. M. Dawson, Control of
Robotic Manipulators, MacMillan, 1993.

[3] D. A. Lawrence, “Stability and Transparency in Bileteral
Teleoperation,” IEEE Trans. Robot and Automation, vol. 9, no.5,
pp. 624-637, 1993.

[4] SE. Salcudean, M. Zhu, W. H. Zhu, and K. “Transparent
Bilateral Teleoperation under Position and Rate Control, fnt. J.
Robot Res., vol. 19.10. 12, pp.1185-1202, 2000.

[5] N. Chopra, M. Spong, R. Ortega, and N. E. Barabanov, “On
Position Tracking in Bilateral Teleoperation,” Proc. of the 2004
American Control Conference, Boston, pp. 5244-5249, 2004.

[6] S. Colombi, “Multivariable Design of Bilateral Master-Slave
Force Reflecting Servomechanisms,” [8th Symposium on
Fusion Technology, Swiss Federal Institute of Technology,
Switzerland.

[71 N. Chopra, M. W. Spong, R. Ortega, and N. E. Barabanov.
“Position and Force Tracking in Bilateral Teleoperation,”
Advances in Communication and Control Network, NewYork:
Springer Verlag, vol. 308, 2004.

[8] W.T. Townsend, The Effect of Transmission Design on Force-
Controlled Manipulator Performance, MIT Artificial Intelligence
Laboratory, Technical Report 1054, PhD. Thesis, 1988.

[9] L.W. Tsal, “Design of Tendon-Driven Manipulators,” Trans. of
ASME Special 50thArmiversary Design Issue, vol. 117, pp.80-85,
1995.

[10] F. Londi, E. Pennestri, P.P. Valentini, and L.Vita, “Control and
Virtual Reality Simulation of Tendon Driven Mechanism,”
Mudtibody System Dynamics, vol. 12, pp.133-145, 2004.

[11] G M. Prisco, M. Bergamasco, “Dynamic Modelling of a Class
of Tendon Driven Manipulators,” ICAR *97, pp. 893-899, 1997.

[12] L. Meirovitch, Analytical methods in Vibrations, MacMillan
Company, 1967.

[13] V. L. Symmos, C. T. Abdallah, P. Dorato, and K. Grigoriadis,
“Static output feedback-a survey,” Automatica, vol. 33, vo. 2,
pp.125-137, 1997.

[14] W. S. Levine and M. Athans, “On the determination of the
optimal constant output feedback gains for linear multivariable
systems,” IEEE. Trans. on Automatic Control, vol. AC-15,no. 1,
pp.44-48, 1970.

(15} J. Gadewadikar, F. L. Lewis, L. Xie, V. Kucera, and M. Abu-
Khalaf, “Parameterization of all stabilizing static H,, state-
feedback gains: Application to output-feedback design,”
Automatica, vol. 43, pp.1597-1604, 2007.

Z ol 4

1980 A2t 7|18 B E A,
1983 F=aelr| &g 7| A g S HE st
2D, 19879 =T |Ed 71AEE
e, 1998 3~8A] Addgtn
NAAERET g BBk B
dst 9 Alo], AFA], 2X, A
o], &FAl.

o0z ¥

1997 Feoista 7] °
b, 19993 ek 7| A A E S
aHEEAD. 2004 Fgdigw 7)AA
A E A, 20063~BA B
ARERTY AT, PRk
AuajEelE AA, 4AA, 2
CROE)

g2x 4y

1980 A E&ThEtul 7]AlE S (g sk,
19824 a=Iereyd JAEIE
A, 19874 =T Ed VAS
Shajz- et 19873~3 A g=rdAt
HATd AT Bldoks Wit

HEd 9AAF 1% RS, A

o=w &
Alof, 9AZR.

a4



1046 M - 22 - AIAESE =2X J 15 &, & 10 & 2009. 10

o A , #2715
1986 ZA L 7] A 2 S F AN, :
1990 st 7]A| g aK3-8h
AB. 2002'd SRt 7| Al Al st
(D, 19879~8A LA EA 3kt AL 19943~ A S AAE AT
T4 QAT BBk vAE-S 94 AT Iildole I3 34
dole wiuEdele A, uky =) ‘ § 97 23X HA 9 Ao, ¥Y A&

s H 1

ol, Al A zA ), o, 97 A58 A2 A D Ao, Aad B

19861 BAI L 7] AT K3 EHA.
1989'd Univ. of Minnesota 7] 4| 333
BFAIAY. 19931 Towa State Univ. 7] A&




