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Evaluation of Illuminance Providing Performance

in Intelligent Lighting Systems Using Narrow Beam Lighting
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We proposed an Intelligent Lighting System (ILS) that provides required illuminance to each user, and introduced

this system into actual offices. From demonstration experiments in actual offices in Japan, we reported that suitable

illuminance differs according to the person and the type of work in which that person is engaged. In the ILS, we generally

mount wide-range angled lighting fixtures on

the ceiling at general intervals (1.8 m). However, in this installation

method, the system canot provide the required illuminance to each user in some cases because of wide-range lighting

distribution and relations between the lighting layout and office layout. This paper presents the results of an evaluation

of illuminance-achieving accuracy when changing the lighting distribution and setting intervals. In addition, we verified

an ideal relative layout between lighting fixtures and desks, and measured the illuminance uniformity at each desk when

using narrow-distribution luminaires. This research contributes ILS to improve illuminance and achieve accuracy.
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Fig. 2. Floor plan view of standard small office en-

vironment.
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Table 1. Lighting fixtures used in the experiment.

Angle [deg] Flux [lm)] Type
Wide 110 3430 Baselight
Middle 49 2220 Downlight
Narrow 26 1300 Downlight
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Fig. 3. Different relative positions between lighting

fixtures and desks in the floor plan view.
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E : Average difference rate of target and actual illu-
minance [%],

n ¢ Num. of sensor, j : Sensor index,

Le @ Actual illuminance [1x],

Lt : Target illuminance [Ix], La : Allowance [Ix]
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Table 2. Difference rate of target and actual illumi-

nance yielded by the experiment.

Average difference of illuminance (E) [%]

Light Installation interval

(Angle) 0.6m 12m 18m
Wide (110°) | 16.8 17.2 16.4
Middle (49°) 8.3 8.1 -
Narrow (26°) 0.1 13.7 -
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Fig. 4. Difference rate of target and actual illumi-

nance yielded by the experiment.
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Fig. 6. Distribution of illuminance and lighting with

narrow angle lights (interval of 0.6 m).
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Table 3. Power consumption in the experiment.

Light Power consumption[W]

(Angle) 60 cm 120 cm 180 cm
Wide (110°) 637 550 578
Middle (49°) | 130 87 63
Narrow (26°) 204 178 89
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Table 4. Minimam number of necesarry light.

Interval Angle Number of Number of necesarry

[m] [deg]  luminaires luminaires Uniformity
1.8 110 45 45 0.73
0.6 26 405 80 ~ 176 0.89
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Fig. 8. Floor plan view of middle sized office envi-

ronment with 40 desks and downlights.

SR 74 VA EALD bREVEFELZHES
EDITES., L7 >T, AN 27 LICHW 3
W% 5 R H O R — 2 5 4 R 05 S v 54 b
WCEET 286, FOWRBHLA 7Y P 2ET S L
TRHELRBREER R E2 3EFICMAL LN TE S,
EDA 7 4 AT, KEBRECW, 243, A
= EORFRMOREZ BB IATASE L), 7
Uy PRI AT LABRAING 2 L% \w», 2ok
IBERDPE, A7 4 ADT A VLA T FHET
DHHFT 4 ATEBNTYH, TAZLATY MIGLT
WL A 77 F2Z2H 2 MG ENEZ 6N S,

5. LI

RHFZEE, YR Z T 2 )0 W EDEA 2 ROl
HH % M 72 IR T 2 1.8 m FIBE CRYE L 725
BUCHIRIEIH S 2 7 228 A L 16, HADE 7 4
ATIESHAINCO L NAEHNL A 77 FOF 7 4
A TR TOMFE LR T 2 HEIE 2 [FR 12 5281
TELRVHADDH 2 L) REICN L, ARV 2
T I et 7 BEARL R & BRERIRE 12D W T OREE
Rz Lz, 3612, 5 FTICHA4 DRIV 2
TLREALEEEN B ) 7Tl R, S
PHFA LY P —5 Lo RERBEAOHINHEE Y 2 7



208

i
=
Jn

LDOEAZBIET T, AWIIC X 2 BEEREFIZEIRY
s 27 2 L 7 B 2 RgSE ¢ 2 LCH%
HkE 2T,

A7 4 AlEbY MBI 2RI LT, 7
L 7OV AINEEY 2 7 AR E R TE 5, 2
UKD, &7 4 ACHINRHS A7 L 28 AT 5 X
Uy FOBHEICEE D, SIS 2T A ZIGH
T2BREEDIEDILD B 7280, AW & D K>
AT LDUREHED D ZENTELEEZT VD,

RPN

1) P.R.Boyce, N.H.Eklund, S.N.Simpson, “Individual Light-
ing Control Task Performance, Mood, and Illuminance”,
Journal of the Illuminating Engineering Society, 29, 131-
142 (2013).

2) B.Roisin, M.Bodart, A.Deneyer, P.D’Herdt, “Lighting
Energy Savings in Offices Using Different Control Sys-
tems and Their Real Consumption”, Journal of Energy
and Buildings, 40, 514-523 (2008).

3) J. C. Lam, A. L. S. Chan, “Energy Audits and Sur-
veys of Air-conditioned Buildings”, Proc. Australian and
New Zealand Architectural Science Association Confer-
ence, 23 49-54 (1995).

4) M. Miki, T. Hiroyasu, K. Imazato, “Proposal for an
Intelligent Lighting System, and Verification of Con-
trol Method Effectiveness”, Proc IEEE CIS, 94, 520-525
(2004).

5) F. Kaku, M. Miki, T. Hiroyasu, M. Yoshimi, S. Tanaka,
T. Nishida, N. Kida, M. Akita, J. Tanisawa, T. Nishi-
moto, “Construction of Intelligent Lighting System Pro-
viding Desired Illuminance Distributions in Actual Office
Environment”, Artifical Intelligence and Soft Computing,
6114, 451-460 (2010).

6) M.Miki, K.Imazato, M.Yonezawa, “Intelligent Lighting
Control Using Correlation Coefficient Between Lumi-
nance and Hluminance”, Proc. IASTED Intelligent Sys-
tems and Control, 497, 078, 31-36 (2005).

7) S. Tanaka, M. Miki, T. Hiroyasu, M. Yoshikata, “An Evo-
lutional Optimization Algorithm to Provide Individual II-
luminance in Workplaces”, Proc IEEE Int Conf Syst Man
Cybern, 941-947 (2009).

o=KL - RPES - M

(52)

L N



