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Closed-loop feedback intelligent control system for tunnel lighting
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Abstract; To solve the current problems in tunnel lighting, such as power consumption, illumination
measuring complex, and difficult to ensure the actual luminance in real-time, a tunnel lighting closed-
loop feedback intelligent control system is presented in this paper. The system realizes the lighting by
need through adjusting lighting states based on the vehicle behavior information and environmental
perception information collected by a sensor. It uses a camera image to measure luminance, and
acquires pavement luminance in real-time through the transformation relationship between the image
gray and pavement luminance. To meet the required luminance by lighting, the PID closed-loop
feedback adjustment method is used to adjust the output of the lighting system in real-time and to
ensure the actual luminance. The experiment shows that the designed system is secure and reliable and
has higher adaptive ability. It is characterized by luminance measurement in real time, closed-loop
feedback adjustment, lighting by need and can ensure the actual luminance to meet standard
requirements. Meanwhile, it reduces energy consumption and offers an optimum visual experience for
human eyes at safety driving vehicles.
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Fig.1 Schematic diagram of tunnel lighting intelligence

control system
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Fig. 2 Schematic diagram of PID regulator control unit
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Fig. 3 Experiment devices for camera calibration



oM

A R TE R DA R S R AR R AL 2477

PR RGEEH CCD &ML IHENL. 5
DGR R By A O YR A R g 4 . AE SE B
CCD &/ 5V BRAIE 4 m 224y, 1] 5 B2
I 2 A G PR e TR SE AR . R SDOE TR
il g SR 22 I/NEI R O 11 e 58
(L 45 PR — YOI 58 B A0 10 % 34 21 IR H Ol 11 5
JE T 32805 TR IR 5% 32005 T M AR IR IR A
FAC SRAA BT A BRG] ¢ FIHE 45 g, SEHRPIL
M55 15 20 92 50 44

_ 40
Y35 SSUUUUNE SOSURUR SO SUNUR- SOOI SUSON SRS NORUN SO -l
=] e

- 30 i ; e
225 ;

(o]
=

15

0] N T et I A T T O T T
5 //

.
400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
Irradiance/Ix

B4 SePrse E(E 5 2 R AS AR IR A C R

Relationship between actual luminance and

Luminance.

Fig. 4

sensor’s relative irradiance

SRIE o o PRI B2 L | B DI P 1) 0 448 25 AR 91 =X
(10) 31 5 th A% B 2% 10 FH X 4 IR, IR IEE P
10 pixel X 10 pixel (¥ ¥4 K B {8 2F 17 48 X f5 1]
FETHE B0 £ %) X5 50 00U O B s EAE 5 AR IRk
i B AR X G BB 2 T A bR R b, A&l 4 FOR
KB/ R B W EH CR  RIF LA T2

L.=0.016 84 X E,—2.052. 1

B2 (Lo AR (1), AT 3R A 92 B 53 5 1
GIR FE 1 K AR
_0.016 84

Ilc
te g

+ G—2.052. (12)

6 ZERATABRALET

2ok PID 8 15 48 il 5000 1+ B8 AR A5 8 5 5 B
B TR 2 BE A AR 4 28 =X (1) 6 e e T L 1) 5 B
P A5 A B, PR 2R KT B AR R ds AR S
LRI VAIN N QIR ER= N SIS WS N U5 587 §10
(EEI NP ] I 1|  GH A E - R SO & I i
HEBA 322 1T (DALD sl J& — Bl 4 A A BA 45 21
14 5 1E B AN RN R L B T L O FLAR U
TEETF.

DALT Hp SRy I8 6 i 2k v E LT 255 4SOt
S BUEL N 1~255) , JHCIRC{EL 388 07 X %00 Dl ith £¢
PR, Herh 255 A9 D' A% 2 i of B B KT O 5 JEE (L
0. 1% ~ 10000, KT 5e BE (5 IRl 45 94 2 (]
R 4 23 AT LA R 5 (130 AT e e, b oy 8
(BTG RE G AE L Ly 5 X B A9 AT Dl 5 JEE (L
R it 2 R DY SR G5 KT e S8 T AR I R
S

L,=10%7% !, (13)
(13 AT DAFEH
nzz%[@ L1741, (14)

ZE LT, H AR R | O B[R] L 3 5 AR 4R
KA AR PRAERE . H BR B N AME IR R 5
(R B Ry Sl o AL AR B T R P R T AR R S
B 52 59 brse B 253 20 (2) 1Y PID 45 J5 15
B P 58 BEAA 8 1 58 B AR R 2 (14D B 46 1M
MR, PG KT Bt B AR S T i
e 0T W B Ik ol E L Gl i PWM DG Oy 2 A
WX 8 TR N 22 A kT B S8 B e BE GA B S8 PR

7 FRR AR5

R T Sk % G R A R S B R S
BV BRI AT TSI, B — 2R
Bt LED BRIE ST H AT 25050, £ 2 H S5k
KT 5L B 5 ok, TF B (5% KT 5L ) B A e 2R
AN R WU AT L FE U AN RE A B BRI ASOR .
S RS R B P A R AR R R S g, R
H (14 2 56 5F A A PID 8 7 ] DL 4y Hb 42 il 4T 2L
S RE A BRI SSOR IR B S BR AR oK

SRS FEH CCD AL, B .4
% LED BRIEAT B fiK D 48 P & 1AL AL .
Horh CCD #a% AH ML R E ER A | IF & T Ik
LR M 2% 3 1 Tolk $c 7 4 Wl DH-SV1421GM,
FH R F11 40 8% 1hT PR, T 5 6 T 19 55 s B 5 BRBE 11
A ZRH TES-1339R, FH 3k I 2 5% 18 Y 52 b
SEHE LED BB ST & 63 W 4 4 77 1) HLG-
185H-36B, Hiffir th LR 4 185 W, FH Sk 4 14t 52 B
5 7K 0 Kt AR A 15 7 Hb T L, FH R AR {5 K U b Y i
TSR 5 WO 35 1T S 32 8 R 1 A 3 5 50 454



2478 b=

%23 &

7.1 LED¥T&=I

LR FEE LED BB AT &8 )5, KL
Wi D)% 558 LED BRE AT, B 5 LED R i
JTAHEE 50 em. F R4S LED B4 i 4T 1) 18
& RERR— N A A A B R AT — N
57 4 HAEHE SR 1 R

MR 1 AT LLAE . BE A B E) A HERS . LED B
BT A Mg, B MR B N E, X
R T P ) R B CR 7 AR AR RS i)

1 AEBET LED BETHRE

Tab.1 Illuminance of tunnel light at different time

I £ 15 (] M /1x EIR/ %
2014 4E 5 F 13 H 24 964 —
2014 4E 6 A 13 H 23 485 6.1
201447 H 13 H 23 130 7.7
2014 4E 8 H 23 H 22 705 9.1

7.2 KT E R A R 5 E 6 L I8

o MiN STENIEE I SN ETI N BT B P
— AR R . IR AR U sC B
AR AL I Ik AR v AR A S A AR AN M B kA
A FH . B LARRTE A 11 B ) IR AR B X AT 4
SHAELEZEM . w4000 ] A, X
HeH IR AR G2 K BRI T L BE 1A A 1 BGE H
HMB AT B 1 MADE 2, Hbh ADE 11
P R S PR KL T LA TE S 00 = DA R TE A T B
1B JE OB 5 SR A 491 6 A7 A T 0 BT B 42 ) 2 65

XoF T UL Al Ol R ke 3, R A L ] 4 )
AL TE— MmO AR B 1 58
JE R 3K F] 105 od/m® , [ T 52 B 6 35 59 B R 3k )
0.35 Zifi . DA DLAY B ) X418 T8 B 10,5 m,
KR 1200 m i 7.5 m FIFE LA KRR E
B, 7ERE T A B 1 B LED B& 38 XT 19 T R
180 W, kT H. R JH 4 00 %t FK 09 A5 & 7 X,
DIALUX $K AR 4 i 8 1) 52 B 15 475 BT 45, SR
JTHEAIEE Y 1.2 m, 24 R 5 m, LM 5K
S5 1AL 307, B T3 5E BE R 115 od/m’, 3 5] B
N 0.42, AT SEFRR L FESL I SRR IE A O
BE 1 MR BEIEAT T BRI P IR S s . B
FERERERK R S5 m, TN 3. 52 m, & M3 m,
A LED AT H 3% 185 W, fii Fi DIALUX
PR S8 s B AT L FE AT e e s Ry
2.5 m, AT H IR 2.5 m, AR E N

3.52 m, &S FE S A5 ) 30° B, #% 1T 4
ZLREA[AE] 110 od/m?, ¥IATBE R 0. 56, 7 SL B 25
MR8 XA~ 5 B AR AT 2 5

R I 2 BRI R T 0 %o A 1)
Kok 4 2% LED BREATE 2 & T 2.5 m AL, DL Y
JKAF-J7 ) B 30° (] T RESH b T, BN LED f% 18 X7
ZMEAHEE 2.5 m; CCD & EQ L E & 2. 3 m
Ab, BAEMTE A — 20K RS 40, SC5 i 4%
IR 2 N 5 Fis . /6 NS Iy
Mg R G

H 4 38 LED RRIEAT 5 8 645 & % 5241 F
PFOEEE W AN T2 2 5 AAL 2 MHE K
CCD 52 AL 1 M2 5181 1 AGE . THEHL 1
SN 2 ZGE S H O 1 g TiE R, MR
PRSI RGN TAERAR R 44 B E Easm i, H
CCD %0t AH HLAA 8 LED B 4T 18 55 69 2% 1 X
B i T G o BT LR 4 B 10 X 10 A
DA DXl s THEEAIL 1 AR 4l F S o 1 BRI BE{E
55 1% T 52 B o BE ) e 0 2 1O B D BT 10 X
10 /> A% TR 19 5 s 5 B8 L 4R R 1H3R03X 100 A4S
P TET A B ST 4 5 BE AR Sk B T X BE K T
S 34 58 AR I H TR 1 AL 253 AL 2
24T PID A 3 R 98 15 BT . R B S BE 1 RS
B B AR B 20 (2) 1580 3 9 9y 5 A THAR AL 2
HRAE 2 C14) K5 1 735 5 B A e 40 Wl X 2 1 91 O 55
G ARIF IR DC A GO 3 2R 2 R TR DR
s B RG] SR R D 4 A T 40 16T I ) fik
W55, @i PWM 8607 X5 — i 4 =T H
M55 B

"N LEDBEILI 3
> LEDBEi 2\,

Y . LEDRERHT, N
/_/ LEDBEI 414 P &
~— \ /

4 AY /s
£ "\\ \\ // X
T SN -~ iz
R e . it
T Bl
v il
[ 9
k
i
K
| b &
L2k 2
A .

& 5 kT H R B A B B 4 S 3 s R
Fig. 5 Schematic diagram of lighting closed-loop feedback

control experiment
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