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Development and control of distributed lighting control
system”

Yuta Takamoto

Abstract

The improvement of lighting system is a key factor in implementing comfortable
lighting environments and promoting energy saving. However, conventional room
lighting system have little variety in their illuminance distribution patterns because
of fixed wiring and switches. Furthermore, shading system such as curtains or blinds
are often left closed through the day due to troublesomeness or difficulty in their op-
eration. Thus, such systems cannot easily provide proper illuminance distribution that
correspond to environmental changes.

This thesis proposes a distributed lighting control system that enables provision of a
desired illuminance distribution. The proposed system is composed of multiple lights,
and switchable electric shades that can change their transparency independently. Dis-
tributed controllers are embedded in all lights and shades, and they communicate to
determine the proper lighting and shading patterns needed to realize a desired illumi-
nance distribution. In this thesis, we first formulated a design problem of distributed
controllers which provide proper lighting and shading patterns such that the actual il-
luminance distribution is similar to a desired one. Then, we proposed an autonomous
distributed algorithm as a solution to the design problem. Finally, we verified the ef-
fectiveness of the proposed algorithm via simulations and real-world experiments with

a lighting control system composed of LED lights and electric shades.
Keywords:

Distributed control, Lighting design, Natural light usage, Programmable architecture

*Master’s Thesis, Department of Information Science, Graduate School of Information Science, Nara Institute
of Science and Technology, NAIST-IS-MT1651068, February 19, 2018.
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WL, BEETBE je Ny HODHRTHD, Thi &SI 2 H 3%
fu R S ROFBFHIMKFT D, e 21E, Ny ={1,3) ThdLE, A5
A1 EBEIPOSEMEZITMD 720D, us = fL(yg,ye) L%25.

HEER K,
HERREDG ¢ 5 py IEEDRFT R RERREZIO ETHDTHY, B
ToXTHEZ NS,

Ky, : rg[k] = ) J(@(r)dr 4)

72720, Lsi i3, i PHERESAOHRERGT SHEEZRLTBY, &
DEHIIRZ L IC L > THRESNERELDTHS. B £ :[0,1] - [0,1]
%, BN ORERERE SN T 202050 TH 5.
ISR K
Ksu» Ks, o DMl eR & uf e RE2DH &IZ, B DENR/BENHLE—F
Z €{0,1} LB EBOBMTIEET 2R Y, ceRERETD2HDTHY,
UFoRTHEZONS.
xg [k + 11 = axi [k] + byri[k] + bou [k]
Ki 23 Y[kl = Q(erxs kD) + cox [K] + dirg ] 5)
2 [kl = Q(esxg [k] + darg[k])

72U, HIEBEABICIBIIZAEY &l eR &, 1l eR, u, eRPANTH
b, YL eR, ZL {0, } I THS. Q:R— (0,1} 1%, EBEEUELA
I 2 B TALOBRIEETOBEBTHS. 2T, KElMEEOHT y, 1%
DBENEET 2HEMTHY, 1 FBOER/BHE-NTH 5.

i EER KL
AGPENER o E BOBNBHE— N 2L 25, BiVHDIAAZBRGIRE
570 5 BN o, 2R L, H%BO RS HBHEIES K, (222 5.

K, 165, = g(0.25) (6)

772U, B g (0,11 = [0,1] 1%, ABUZZERAENMLE py I2EWVWT, &
DREDOHANBEZERL TVWEIHLHEETILDTH 5.
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RIS BHIERS K, = (K, K7,...,K])

IR I3 15 R T & S B K RS A TE Y, SRWASE W
WA LT, ST E— RERET 5. DB K13, Bk
DA ¢, AR-TEIARLEISRRE rs,, BERR 6], FHEOME Y 2 AL, BD

BENSBHTE — N 2 LARET DY, 20T 5.

oy

KLiu Tl ~ Output ;

Neighbor j
k
yilkl information Yi[K]

information

YVYY

Lighting mode z! [k]

=
—
=
&5
i
\/

\

Target illuminance ¢
distribution

- .
KLT - Ki
Lz

Maximum range 7,
_Shadl_ng 5 .
illuminance SL

information K l

i 5t
Kig -2

15: 4B K]

HEEE K]
EOBENSZTINBWH y, 20 LI, WERER ¥ 2RET 2.
K, ub [kl = £y oy v (7
72720, {jisjoseeosju) € v &, BB i DEWEZITED TRTOMEPEE
LCBY, {jijoseeesjn) =N BXOn = |N|| THB. i BEUFTE
DG, BHET I je N S ORIMTH Y, ZhE XS WIS 300
IS £, i R" — R OBEICHKEFT 5.
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S K
IR 6 ¢ 3 5 B, SRS R R 2 SRS R A LD H T

@wdmzl:ﬁﬂmm (8)

72U, Lyld, Wi BWHERESGOFHRE MG 28R LTED,
A DR EIZ X o TIREI NEREDLDTH D, B f, 1 [0,1] -
[0, 1] 1%, SEHNORER#RZ &SNS 222 kDELDTH 5.

TR K]
Ku Ky Kpg WODWERE e R &l € R, BEIEA Ty b alfeld
6, b iz, Wi ORUTAEITE—F 2 €{0,1} & I TIRES 2 16K
Y, ER ZPRET 5.

X [k + 1] = axb [k] + byri [k] + byu' [k] + b36",
K}, : Vi [kl = Q(c1x, [k]) + cox| [k] + di ' [k] 9)
24 [k] = Q(esxs [k] + dar [k])

772U, HHSBNEIZEIISEAEY XL eRE, 1 eR, u, eRPANTH
b, yeR, 72 €{0,1} HITHS. Q:R— {0, 1} 1%, FEBUEZ A
Iz HD 2 B TILDOEEEZITSBEBTHS. 22T, KflEEHEOHT Y &
fUDIRIPANKET B HEHRTH D, 2 BRPADLUT/HTE—FTH 5.
2R K
A je NL, DD RAR ARKIRE 2 RTBRREWER o), 2% 212, KN
PDEEOF 72y NARREE S Al NTE2E0THY, UTFTOXTHEZS
ns.

Ki,: 6% = h(rsp,6%,) (10)

72U, B [0,1] = [0,1] &, HAKOIMDAKICEL T, Wi AY
DFLE, HHOHNRELEIRTE 20RDELDTH 5.

18



3.3 HIfEdsERET R

ZZTCIE, 33HMME 1 I2BWT, £k G), Qi) 12 id 2 sk s 8 & — il
HEOME 2175, D&, 33H ME212BWT, Lk 3G), Gi) 2z, Lk
(iii) (XIS B fUkT YR X — IR E O MG 217 5 .

BHGERT & BARANDOBEFA
£9, & HRNEDESLFH 217 S FIHHEZ € XML T 5701, DED
FHURE R e E AT 5.

Jpl(Ks,KL) =Ji+al, (11)
Jv =g =y (Zs[T], ZLIT DI (12)
Jo = 1ZL[T]llo (13)

272U, W(Zs[T1,Z(T) &, ATy 7T k=T IZBIF2BHED SIS X—
Zi[T], BOENNE—2 Zg[T] DHETOHHBEDSHFTH D, o RIFFEAMGBEK
HhIZHTEEATHD. 22T, A (12) OEIE, ¢ —y(Zs[T1,Z[T]) D2 / IV LA
DIETHSD. 20, HERES AL HNRESMOEZFMLTBD, TOMHEA
INESWIEEFENEFIDEHTETWHEE RS, dMiiAE J, D14 A =YX %X 16
WRT. 2EIIZA (13) 1%, BHOAI AR =V Z[TI D0 VLA ZEFHIL TV 5.
ZhiE, BN Z—=2 ZTID55, 0 THRWER, DX ST L T\ IO
AL CTWS. DF 0, TOMIINIWIEY, BN & 2 IBERMD 5 B/
W EBIERIHIRETETVWE L ER 5. FHIiBEI J, D1 A=Y XZEX 17 125R
T, ZDEE, KXTEOEDOMEE2EZ 5.

FIRE 1. HERENT ¢, ABDEH o, WIHOAE p), BOME pl, *v b7 —
71%5&% GL, GS f)‘%‘i 6*‘«7‘283—5 ZDk %,

Jpi (K, Ks) = Ji1 + aJs (14)

NS T B &S ol K, = (K, Kz, ...,K!), Ks =(K§, K3,...,Ki") &R

AR

o L. ]
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AR Jpy 2 /NS <95 &5 BBl K, Ks 2Rkd2DZ LT, (i) #NLH
AT, (i) EREDELERIZER T 2 & 5 AT SR — V2 RET 2 2 2]
HTE5. AWMXTRE4FIBVT, HE | OMTH S HEHESEE 1 DRE
5.

J1=ll¢ —Yll; J2 = ZLllo

= Evaluate the error of distribution => Evaluate the number of ON-lights

Reduce the number of

I\ ON-lights
>-'§ \‘
w g ?
Target dist. Actual dist. i
16: FFAMiBIEC J, 17: R J,

B AV DEEIRAIER Y 3A &
kR (iii) BRMEDZERIEL D AAIZE T 2 HlfHEZ E XML T 57212, DED
PR AT 5.

Jp2(Kp, Ks) :=J1 + aJy + BJ3 (15)

J3 1=f Us(Zs[T], v)dr (16)
1

=0
272U, BeRIZFHMREE J; 12T 2EATH L. 22T, X (16) DfEIE, p=0,
DE D HAND AFIDFHIB I N T VB EATAI DA TN HRLBE 2 7ML TH
D, ZTOMEPNNIWIFE, HARLEOEIRMELD IAARMTA TS E WA 5. ¥ 18
WZEHEREE J3 DA A=V ERT. ZDEE, KX TROEFDOMEELZEZZ 5.

B 2. HEREN A ¢, BOCHIRME p, AFDEER o, WIADALE pi, BoOhL
#pl, v NT—IWE G, Gs BNERONET R, IOLE,

Jp2(Kp, Ks) = J1 + aJy + BJ3 (17)

20



BNE 9B &S G K = (K[, K7,....K}), Ks =(K§,K5,...,K{) &K
O kK. ]

AL TIEES HIZBWT, ME2 OMTH 50z 1 2IRET 5.

J3 = Ys(Zs[T],7) dz
ps=0

=> Evaluate the amount of natural light
in restrictedareap = 0

Output distribution
of shades YPg

]3 A;:ce;oted areja p=1
Natural light - ‘ ’
restriction area p p
A

Y
Restricted area (p = 0)

18: FHAMREEL J;
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B4 F EOEME BARANDESLF R ZERT 5 6lEHE

KT, R ) EGETT, i) ERN OB R 2 EmT 2 - 2 HEE L,
SRR 1 (Ko, Ks) 2/NE < F 2 A8 £ 2 5

41 REFE

MR 1 DO DDfe LT, BAFOS#EIME KL, K, 25RET 5.

BODEHIERR K, « (K, KS,. K§_ K} )

uslkl == > alyilkl

. jeNy
Ks, : s (18)
’ i SxpCIPs = Byl
S Yher exp(-lIpk — pl)
K§, s rilk] = ¢(p%) (19)

X[k + 11 = rg[k] + ug [k]
Ky, : ys[k] = QX [k]) — x§[K] (20)
z[T1 = (x5 [T))

o
Q<x§>—{1 iy =3 @1

0 otherwise

K, : 05, = llolizs 22)

22



READDEREIEES K| - (K],.K],. K] .K] )

W[kl == al'y][k]

. ey
K, : o
“‘ i exp(=lIp, - Byl
BT S exp=lIp, = P
i, 0 ~
Ky, 1, =P

xplk+11=r) =8, + ¥ alyl[Kk]
JjeNE
K;_ . . .
Le yilk] = Q(x} [k]) — x} [K]
2 [T1= Q[T

NP
Q(le):{l 1fo_§

0 otherwise

i _ ji i
o = Z agOsr,

y JENL,
M exp(=lIpy - pald

a = -
S e, exp(-lIp, — pal)

(23)

(24)

(25)

(26)

27)

DABE, 2rEREEE: K, K, ([2DOWT, @HZT5. —¥8, BOo Bl e B
D EHIEAR CH — DRk L 72 o> TW B EAT (B £, f, O) IZ2WTIX, FE
WA BT 5. BB, ke{0,1,2,-- T EHIHEDOER AT Y 72K L,

T e N 3EHROBRMERAT v T2RT.
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BOHEHIES
5 11c, B KD IOWTHIIT 5. BN, %,

F D == ) alyiik (28)
Jjens

YU, uh 2R (18) D &S ITEDE. 5B, Ehal BRI LTOEHBDOE je N
COMOHEEAINIWIEY, KELARE, ZhZXD, HEEIEVWAENSESNTL
BIREHESH Y, 2 XV EHIEZ 2T, HEMOKEVARLTHREEHNE
5. 22T, I :={jevslie N} 2B i o EREZIMPBOHEALTHL &,
A (18) HD Ty exp(=lIps — pyll 1&, B i BMEDOE jIZEAENEEZXET 2BO
T a) % EHULT 2EED D 5.
52147, HMEER KL, 12OV, @5, X @) TRULBE f, 1I2oWTia,

¢(r) if 7= p

. (29)
0 otherwise

ﬁ@@%{
YU, 2R (19) EDE. HEICEDEHBOHBREZI T I L2 E RN
X, BBV O 2EORIREZEL 2 LCME pl JHL 0 HEREEHERS D # 5
BERH DD, HHEOD, fLE pl 12812 HEREDOAZINY 5.

530, B KL 2 OWTHT S, RS IXBWVWT, a:=0, by =1, by =1,
cri=1, ca:=-1,d1 =0, c3:=1, dy:=0 & U7%. K I& Ki, Ki TREZH
% EERE AL C A TEES N W, &, ATV X CEET S ThEHL
Thy b7 =7 THGENEMORITRET 21EH y, B8 —> 2 2RET
5. B Q:R— (0,1} 1%, EBUEZ 02 1 (2P A AMIZHO 5B LOHEE
RLTW5. BRQOOHENTHS 0, 11, TUTLEDEN, EHEMIELTW
5. TUTHBMRAT Y Thk=TIZBWT, sUIEXE—F 2 2HHT 5.

540z, WM KL ICOWTEAT 5. KL ik, & OALE pLEICE D A E
NAREREZRE T 5. Y A7 AT A Tz ARG 2 B 12 3HIGd 5
oI, BENOL DR EZE LS ATAE py ILOREZF LT 25
LD DN, HHDRD, A#E Py 2B 5 BREREDAZIY 5.

24



BRBA D 4 BRI 25

9, WIS K, KL AZOWTIE, GIESENTOREE £, f OEEPEOEE
LB THD-DEIET 5.

DEW, HEE K], ICOWTHMT S, R () IZBWT, a:=0, by =1, by:=1,
by:i==1, c1:=1, cp:=-1, d; :=0, c35:=1, dy ;=0 & L7=. Kzz IZ2OWTH,
TGN ORI, 1FITBOHIER K, DHGLFELTH LA, Wi OfL#EIC
WMOAENEA 72y PARERUE 6, K720 EGOHBEREEZ A 72y 9 26
PEMENTWS., ZHITED, BRKBICEZBERIEEZEELAZS 2T, S/
IIRR =V RET DI ENTES.

Befkiz, G K 2 OoWCHAY 5. K%, BEBAMOX Y N7 —2 Gy,
AL, BIREWH 6L, 22ET5. £, BI04 72y NATRIRE 6 25
g5, 2oL, FIOBRENRE XD XS5 IR R HT SR — VREIZ
RS20 E T8 5. REFETIE, X Q7)IRT, B KM O
BT AER G, BHVA. ZNITED, B9 ITRT &S ICHBEOE WAL S &
D% < BIBEMNBAMBL, TOA 77Xy MAGERE 6 2721, BHOHBERE %
IS %

-——— ==l

=7t =
Tsp 1 41 =3

-i 1 1 64
. T % |@
=0 £oaf

V-
. @)
6
SL

adtsh  aSye, Ll

] : Light
(1) : shade

= 19: FlEE K, OB

DEREIE AR DENF
BOEGIHEE K, OBFEIZOWTHAS 2. B 20 (20 B SR K, ORI 7
n—%nRY. £7, Bi OoWGEIERE K, 13, BFOBRY A py 2B 5 HERE
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G(PL) B ROBBTERES NBER Y, 2HV, EHEOR LD R URKRRHE T
5. ZDyo ik, BOENRE—F2ROIEUTAEU LIS S O@EARICHET %%
Thsd. THIFE i HIRIET R ERE X SR LT, EROMERIE o) 0%
Qi) —xi THY, TOEANREDERLELWNIET S, LA, Yy, >0, &
BV TIRERENBETHS Z 2L, i <0 THNE, BERENIFEL
TVWRILEEKT S, &7, RiMVEHOE j 2SR Y, >0 2% ZET2H
&, BRIAHBTRENBETHS Z L 2BICHEKT 5. HITH i WEHDORE j 75
Wy, <0 2% < 2ETH5E, RiGHETHRENFRLTVS Z &2 IHICHEKRT
5. SECEEE KL 1%, By, >0 %22 < RELEEE, EET- RE2BRLPT
Kb, iy, <0&%LZELESE, BEE-FEERLPT AL, ZhiC
L0, HEZBTEULREDHAZ ZDOEHEOENRHD Z LT, FERIICHEE
WNE 7B Z EDHIETE B,

BERH O 23 BRI KD OBIEIC DWW CHIHT 5. 21 1o Bl Ki ol >
H—&RY. HARKZREIEXE DS BEESE & FAETH 55, BOSEEIHE K,
25 HLD A A 72 FASREIRIE IC BT 2089 6], 22D, T DWW % 55 O W N
WPSA Ty MTHREEAEMENT NS, 2D, BOSHEIHEE K, %8
fEE BT O BB K 2BifEx 822210k, ARLIC X2 HER
HOBAREEMTET 5 & S ICRIBEERDET 2 22 T, Y AT LARKORERED
INE LB Z e DIFTE D,

NS 2 DO KL, K, 2V, FOFIETRUAMER % — 2 Z,,
Zg ZIRET 5.

STEP1 BRI EBEEMICRAT 570 BON IS Ks 2BifEX 1, HOE/S
R—2Zs ZRDB. ZOLE, fil py LHFICMVATNERER 6, &
KT ZLITHEET 5.

STEP2 > &z, MO HEIEE K, 2BESE, s RX—VZ 2Rk 5.
D& E, Dkl K &, EHAR—V Zg 1ITE o THEURERE 2
T 57280, A7y NARRE S t AHOHBERENS A T2y M T 5.

STEP3 STEP1, STEP2 TfFo Nkl & —> Zs, 7, %, FEEIH
BAEAL, EREDT Y 2155,

26



Given  the light position p}
the shade position p&
the network structure Gg, G,
the target illuminance distribution ¢
the sunlight incident vector o

STEP 1 ||

Determine the shading mode Zg by K: {K%,, K&, K&, Ky}

Calculate the projected point & from pk and o

¥

Determine the signal r[k] by K¢,

v <

Receive information ysj from the neighbor shades
and determine the signal u[k] by K¢,

¥

Determine the signal y[k] and send information
to the neighbor shades by Kz,

No

k=T
Yes

Determine the shading mode Zs by K¢,

v

Calculate introduced natural light 8%, by K&,

20: B EHIEE K, OEE
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Given the light position pi
the shade position p}
the network structure Gg, G,
the target illuminance distribution ¢
the sunlight incident vector o
the introduced natural light 8¢,

STEP 2 l

Determine the lighting mode Z, by K, : {K},,, K}, K}, K ;)

Calculate the projected point ! from p}

v

Establish network Gg; between shades and lights
under the conditions of ||p} — p|| < s,

v

Calculate the estimated natural light illuminance
5. by Kig

v

Determine the signal r[k] by K7,

V<
Receive information y; from the neighbor lights
and determine the signal u} [k] by K},,

v

Determine the signal ; [k] and send information
to the neighbor lights by K},

No

k>T
Yes

Determine the lighting mode Z,, by K},

21: WA 4 HChI e K OEfE
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42 T Ial—YavERRICKBREFEDR

REFHEOAMMEZMERT 272012, S RIBELERZIT->72. WELERD
BRrZEM 221287, £9, BHA=9M, Bm=9%X 23(a), (b) D& DI
BT 5., £/, THoDIRIHEAIXX 23(c), () IZRT I RBEHED R Y b7 —
W G, Gg &> THEIENTWB 2T 5. £/, AGDEER o, HIERESA
¢ EENFN, M23e), ) DES>IZH5Z3.

Measurement points (10x10) x

22: REILGFEROBRT

FIEEDOBRARERAT Y T k=25 &L, $RET D HHEEZ T AT/
R—2 71, Zs #RELUHERZKX 24(a), (b) IZRT. X 24) 2B\ T, ©50,
FENTN, BHPHOMIT NI Z2RL TS, ¥ 240b) iI2BWT, 5B, O
ThEh, BOENXLEEZRLTWD., £72, HAOREMIy DY Ialb—Y 3
VAR FERRIZ X BFERE T TN, X 24(c), (d) IZRT.
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o
= S
© 6 o )
2 B H
— o
0 o o r
b 6]
0 =t

150 ¥ 150 150 150 190 —'v 110 110 190
o Ll B—

A o y 3
x A y
(a) Positions of lights p; (b) Positions of shades pg

(7] [s) (o) B B B
0o (5) (6] -8 3

(1 (2 (3
(c) Network G, (d) Network Gg
[ 1 ] HIGH
g = 0
—1.62 1
3
(T
vAg
K 6 0
LOW
(e) Sunlight information o (f) Target distribution ¢

23: [ 1-FEERSfE
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O O X g
X X O [ B N |
X X O Ny |

(a) Lighting pattern Z,, (b) Shading pattern Zg

(c) Simulation result (d) Experimental result

24: BERFHIZ LBV IalL—Y a3y, EEEER

£3, M24Ga), (b) 25, BHOSHEEHIEE, BOSEGIEGRZE B2, HER
EWEWEFTIZIBE 2L LD 32D ZeAERTE L. 72, HREHHEL
DIAD BEATIZDWTIL, BOSEHIEZRIEELE — N 2B R, BB BRE
EFHDAL S LT HMENHERTE S, X512, HRRIZ K ZBERMEI LI 1,
HEMRE AR I Nz LA SN S8 (REAT) TiE, BIMHEITLTWSZ &M
bhrd. —HT, BRGIZXZBERMLIT X R WE (FREA) 128 \W\WTix, T
MEITLTWBZ e bhd. 7, K240 IRTIRELE Y I 2L —Ya ViER

X510z, 24(d) 1R T EBRIZ KL AHERE HERESAETH LK 23(D) 12 WTH
PDAEDEL Lo TWB I bbb,
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2, REFEREUTOFRIZDOWTHIKRERZIT- 7=,

(a) 2 ELHIEEE K 12 X 2 AORIE, 2EIfEEE K 1< X5 REOHIE, LT,
Fv MU —2 Gsp &S Uz IR RETFIE)

(b) BOFEHIE (FATHEN), SECEIEI K 12 X 2 RO 4

(c) BOFHEIME (FRTEN), 2EHIES K] (2 & 2 RO Gl

(d) D ECHIEISE K (2 & 2 BoHE, RO FEHE (X THI)

(e) AELHIHEE KL 12 & 2 BOHIME, WHOFEHIE (TR

(f) 2 ExHEE: K 12 &2 BoflE, WHOFEHIE (3 51HDARUT)

B 25(a)~(f) 12, EBFERZRT. Znkb, %t%%ﬁ@%vbv—aéA
TIERR D NG A, TREEEC Rt I D IZRRET B Z & TR B
Jy DIER K EL R BN H B Z tﬁ%af%5 ZTO—HT, REFEEHV
2356, BRI X B BERMIED 2 XN EATC DWW TIREYNIC BN L Th

D, RIHEBOMTHEENICIRERENTHON T VWD Z LhRbN5.

72, BEFEE, HERESMAIOENHDBESMARE S, 2Dl BEEUE
Ji INELK o T0dZ e, EREHRZERLTWS I Edbrd. /-, £
LFEOFMEAEAE J, 2R K51, BRI FIEITHANNS Ko T
WA Zehro, BRMEDOELRMFIHBZERINTWS Z bbb, LELD, &
Bk () BT, (i) BROLDELRAAZ MR T 5720121, REFEFAEHTH Y,
WG 72 KT X B — VPREDMT A D T L B R L 7=
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Shading/Lighting
patternZg, Z;

Outputilluminance

O o] x
(a) [ I B |
Lighting/shading == m® O ' 3.42 4
Control 00 m
X o
(b) Sag
Lighting o 5
Control only . : : 3.79 6
(All shades close) o x O
(© 908
Lighting
Control only S Z Z N 3.97 6
(All shades open) o x o0
(d) SnE ¥
Shading Control N *
i : 4.26 (0)
(All lights OFF) x XX
(e) a8 ©
Shading Control *
L )} L ] o]
only . : . 5.07 (9)
(All lights ON) 0O 0 o
(f) ima
Shading Control 5 @ *
only = 379 '(3)
(3" col. lights ON) x X 0 S

(* : Set lighting pattern manually)

25: fRFETFIR & O I ERfE R
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B 5 F BARNCORRIENY A A %17 HlEHES

RETU, (1R () EGET, (i) EAEOBERITINE, [HBE Gil) B0
IRIYH D A T 5 ¥ 2 BIE U, FEABISC Jpa(Ks, Kp) 2 /NE < 3 520K
WS R E R B, 7, (bR (i) 2 EMT 57200, 4 2TRD 72D
WK OB LT, RO K WHORER K OHREE 2 RT3,

51 REFZE

ZIZTIR, BOSHBEIEE K, (CHEREDMR ¢ 200 Tnl, BEHIRERe b
ERUD ZTENRENNR—VIREZI D 2ERD. T T, DT0OHHEZE
K: Ki  %HIITIRET 5.

Sq+’ Sz+

K,. t ds = p(Ps), (30)

X[k + 11 = ri[k] + ug[X],
K., : Yslk]l = Q. (x§ [kl ) — x§ k], G1)
Z[T1 = Qu(x5[T1, 45).

P 1 i
1 if xg > 5 and g =1 (32)
0 otherwise.

0. (x5, qk) :{

FARE DB D JAA 24T 5 BO /T EHIHIE 2 X 26 (29, & (30) (2Rl
M Ky, 1%, SRR ®R o 225, AL py TRIGEATS G2 ERTIES ¢f €(0,1)
EMOHTHDOTHD. e A, ¢ =1 ThHIL, Al p 1IZBWTHRMID
AP TOND B ZLE2E®RT S, —T1, ¢5 =0 THNX, fiill py ICHEVWTHR

WHLD AAZITHORNWT & 2 EKT 5.
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R D) RTHE K, 1, 4 TTR U BIEE K 2 AR RO B
£17 50,

o PRAHIIPRIG R & % /8 U 72 /&6 E — K OURKE
o BiIA Y b7 —7 Gy DAYNT X % R FE O

EVOBEDSHEENTV S, £F, BOLRIRRE %8 LB E — Kok
EITIE, B Q OHBEETHIET 5. # U< Rt LB Q. 1%, 1 (sEkE—
K) ZHATBBERAELT, ¢ =1 THHILERDTNES. SLHINE,
BAAHRINTNS (DD, ¢f # 1 OLF) BA, B30 (=EEE—F) Al
HEND. ThITkD, IR AR E B L 7 TR X B
REETDNT, FIDEOAIC X B IEREATONG Z L HHIHTE 5,

L Lahs, Bl Q. DEADATRATNTHLEEEZ NS, 2L XIT,
& FLLOFBREDE <, 20, BAHRONETH > BEEEXS. 0L
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