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Smart Lighting Design System Based on AHP and QFD from the
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ABSTRACT: The work aims to construct an urban smart lighting system from the perspective of inclusive design with
urban lighting facilities as the research object so as to optimize the construction of urban public facilities, improve the
utilization rate of urban resources, improve the adaptability of lighting facilities to meet the lighting needs in different
scenes of the city, and explore the smart development road of urban infrastructure. Comprehensive analysis was conducted
on the main street lighting facilities in Shanghai. The KJ method was used to explore the lighting needs in various scenes
in the city. AHP was used to determine the weight of urban lighting demand, and an HOQ quality house was established to
determine the weight of each design feature index, so as to carry out smart lighting design practice. The lighting
requirements of users in different scenarios were summarized. Urban lighting facilities were designed in accordance with
each scenario. An intelligent transportation system and a CPS information physical system based on intelligent lighting
were constructed. Inclusive design theory has guiding significance for the design of urban lighting facilities. Through the
research process of AHP and QFD, urban smart lighting system is established, and new urban lighting facilities are
designed to solve urban energy problems, providing practical reference for the development and construction of smart cities.
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Fig.1 Research process of smart lighting design system
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Fig.2 Shanghai street visit records

*2 LtEEXS5HXRRBHEERFESE

Tab.2 Photo collection of lighting facilitiesin Shanghai scenic spots and communities
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Tab.5 Statistics on basic needs of scenic spot usersfor lighting facilities
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Fig.5 Relative importance weight of smart lighting design features in Shanghai scenic spots



844 5181

THE, % mAMRITMA FET AHP Ml QFD w5 M4 2 IR R 5T 445

i 1] Sl 5 > 2 A I T ST R >Rl A R [ RO
U 15 X7 P W SR ] LED PR AR DG
>0 77 ity BEE A A7 B AL BT >0 A 1 g £ S
BEPe> B A M B > B R SOR B > B 1R
BB AOR P REARE B> AR SR

PAE Sy b 5 DR IR BT P /SR A 2
Br 5B TRIERE AL, [FIBE, X FHEAEIX . RIS
el DAY P s sRACR #EA 7T HE, 57 HOQ ikt =, 1%
HA NS MR ERIBOHHIERGE, &5, BT LIk
TR A S ST A AR ST BRI B S

4 HERAZITEE

41 PRONA EERBR&ITRS

PRONA F MBI R GEH M 1T K FHAELIR
LED MW], ARk . ZHAGRGEZIRERfE. LIE
SRRSO G KIE, SCRA: | Sl T LR B
Jems, M DU SR ERR A 7 B R+ AT )+
ERRAZE M =G —" B ESSER RS CPS R R
YIBL R Gt , HESh A Bla K- — 4R T, WL 6.

/ BEER

ERROFR

DhRzEHR \

ATHREAER

D=tz e
e /

Ko FEIMUIDIBESR
Fig.6 Smart lighting function architecture

4.2 PRONA EERBZITASR

e T RAE 2 oy A B s oA R AR
BB, FEMAERIEZ R SR ZE L df, PRONA
TESEJE T I, [Al i, PRONA 3% —3E 30, )& PROMOT
(2T ) 5 CHINA (FP[E) MghE, BEEX
AL SRR T 25 L SEBEERAE | Rl AR ARAT
¥ L, i#id PRONA Bz AR T e 48 B il 2
St PeBt 2T, ik PRONA (R8I i (4 CityPad
FENHZE,

PRONA 1A PURAE SN IE AL, o = XFR1 7=
anid TR X HYE S, R EE ke
o, SRRl AfEa s, HAWENTHERITE;
W T R R S A, IR H. K
R, & TR S IR RSB A
IR SCA, DA ]SRRI RRC 25 8 7 S ik R
JCRUR, KT R A, WANKTT, N TR R R

KA. B BT I A R R Xl Aok 3 ST KU
W BBFLIIRE, 38 T e B X F Tl . e X,
PRONA 1] LI AT AT R St 7EfhIX,
ALK JE RAREZ AR B SS s ZERDILIX, AT LIFE
iR R R E B ek X, F il LAY PRONA
R N R b AN | =P S

PRONA #& AR Hfi s bz it, Sl 74 T4
AEMEe, & NIIREX I, WA B LA, SE L IiiE
ARG —, (BT EAEBRCE . H IR 2% K FHAES
R, g . LED WG, 75— R LS aineli
A4; R, BETFExaR. )50/, B
FHCEENL . AR . B0 s 25\ 1358 it LA ek
P2 A — WIS (5 B 38 B R GE AT
REVR L HLAE , MRPELT AL B A AE B, RA
TG AShEH T S MELNE, B> AT Y
g1, WLE 78,



446 fu, B TR 2023429 H

m 4 R, 15

MEF R RS AE R LIS AR EER

hEKX

Chinese Style

FAEN

Furturism

REEN
EENR, Simplism

European Style

&
17 PRONA WS 0L itk 7
Fig.7 PRONA smart lighting design renderings

18 PRONA &MU RE MR BT
Fig.8 PRONA smart lighting design renderings



844 5181

THE, . AT A FIET AHP Il QFD A9 8 2RI T R G 5% 447

5 &k

AHFFE LA B o A =, DR TR R
B RFFE Xt 4, LR B SE bR 7 SR oM &
AL TR BRI R G 3 a4 H IR T AR I )
R R ST A B B, B R 5
K, B ARTE K o AR5 Ui R X R
TR A, i2H AHP 3ET8 & TR B RCGE(E,
P38 A FE ST HOQ Wit SR, 5¢ U P 75 R 31i%
THRFIE 5L AR o R PRI EAR Ak X, Bl X, 7=
b B X 35 T AR 2 BRI TR E B, e M
MR R S0, 31T PRONA Beit50 ik Sef i,
BT BRI T PR B v BAT ARG e i S AR VE
Wi T Zoofe s n BT K, fE it 7 i B iz
B — 8Tt

S E k-

(1] Pk BRI HEE T A DU R —
YIRS m XCAHID]. W IR, 2017.
LUO Hui-sheng. Campus Light Environment Design
under the Concept of "Smart Lighting"— Taking the
South Campus of Shenzhen University as an Exam-
ple[D]. Shenzhen: Shenzhen University, 2017.

(2] oK. T ) R T N A WK IS S AR HE AL BT
[31. Wi ME AR, 2023, 13(3): 97-100.
LIANG Yong-zeng. Standardized Design of Internet of
Things Platform for Smart City Application[J]. Internet
of Things Technologies, 2023, 13(3): 97-100.

(3] RSB, FET Wk 00 i B S IR ST (0], R e
HEEEZWT, 2021(4): 150-152.
XIE Bao-xin. Research on Urban Smart Lighting Based
on Internet of Things[J]. Intelligent Building & Smart
City, 2021(4): 150-152.

[4] #F2E%E, sl BEBBIEE T MR 3 5OUL AR
(A REAFFE[I]. RAR L, 2018(20): 77-78.
GUO Ling-ling, ZHANG Yao. Research on Landscape
Lighting of Commercial Plaza under the Concept of
Smart Lighting[J]. Art and Literature for the Masses,
2018(20): 77-78.

(5] REM. BE7FESTBRE EIRU 2R 0. 05
fBHH, 2019, 43(2): 48-51.
ZHU Yu-hui. Research on Smart Lighting Scheme
Based on Internet of Things for Medical Building[J].
Light & Lighting, 2019, 43(2): 48-51.

[6] ‘REHA. B EBTE R T A0 XA B B

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

W5 [D]. dEE Tl k2, 2021. 000554,

ZHU Jing-yi. Research on the Design of Public Lighting
Facilities in the Core District of Beijing under the
Background of Smart City[D].
Technology, 2021. 000554.

BSI. BS 7000-6: 2005. Design management systems
Part 6: Managing inclusive design-Guide[S]. London:
British Standards Institute, 2005.

UM TR, A B, PRI mANEDT
AR RERR[)]. HHAREESR, 2019(10): 20-25.

Catherine Howell, Ellie Thomas, Pang Lingbo. Inclusive
World Architecture,

Beijing University of

design: Beyond Accessibility[J].
2019(10): 20-25.
NADERZADEH M, ARABALIBEIK H, MONAZZAM
M R, et al. Comparative Analysis of AHP-TOPSIS and
Fuzzy AHP Models in Selecting Appropriate Nanocom-
posites for Environmental Noise Barrier Applications[J].
Fluctuation & Noise Letters, 2017, 16(4): 1-20.

ZAIM S, SEVKLI M, CAMGOZ-AKDAG H, et al. Use
of ANP Weighted Crisp and Fuzzy QFD for Product
Development[J]. Expert Systems With Applications,
2014, 41(9): 4464-4474.

KOWALSKA M, PAZDZIOR M, KRZTON-MAZIOPA
A. Implementation of QFD Method in Quality Analysis
of Confectionery Products[J]. Journal of Intelligent
Manufacturing, 2018, 29(2): 439-447.

FH, BRI, AL LT QFD—PUGH M ABLS
TN ITIEDTTE]. 2224k, 2021, 42(6): 1043-1050.
LI Hui, WANG Shi-ying, LI Juan-li. Research on
Human-Machine Interface Evaluation Method Based on
QFD-PUGH]J]. Journal of Graphics, 2021, 42(6): 1043-
1050.

E%, XEE, h%, % KT QFD M AHP L& &
WEARBTIISEN]. % TR, 2023, 44(4): 158-164.
WANG Jun, LIU Si-yi, WU Sai, et al. Research on the
Design of Old Bathroom Cabinet Based on QFD and
AHP[J]. Packaging Engineering, 2023, 44(4): 158-164.
A TS CII45 (s H B BT b vt )
AUBEIA[I]. BRI T RE“241, 2016, 27(4): 8-11.

LI Tie-nan. Introduction on the Revising of Standard for
Lighting Design of Urban Road[J]. China Illuminating
Engineering Journal, 2016, 27(4): 8-11.

WIRE, RS, SR 3T INPD 5 AHP (B4 ARE
AR TTI]. AL TR, 2019, 40(24): 179-186.
HU Kang, QIU Jie, Al Xian-feng. Innovation Design of
the Elderly Accompanying Products Based on iNPD and
AHP[J]. Packaging Engineering, 2019, 40(24): 179-186.

SUL A BRIE



