552 B 64 T % IR Vol.52 No.6
2023 4F 6 H ACTA PHOTONICA SINICA June 2023

5] F#% 50 : LONG Junyu, WU Decao, LUO Binbin, et al. Dual Wavelength Laser Road Meteorological Sensing Method [J].
Acta Photonica Sinica, 2023, 52(6):0614003
Je 2T RS WM 6 SRR BOLH ARG EOTA [T].06 75441, 2023, 52(6) : 0614003

KA O 6 T GG ST 1%

7'2/{&3—‘ j‘(/{‘é%"‘?’]%’?#/#/’gﬁ gﬁ%@‘*’%&,xﬁﬁ,ﬂﬂﬂg
(T PO TR 2% DG EF A4 8% 5 0 Fl K I 7 T 7 05 S 30 5, 1 AK 400054)

i EAMAEABRBIXLOAEERBFPIK LERE . HAHFRBASFF M, A 1310nm. 1430 nm
K 6 R B AR A IR R 2 A 4r sk hm#fﬁﬂf],X;ffjuT"’f"l’ﬁ?»‘fiﬁié‘)ﬁéﬁvm%%%ﬁ%o 7y kil
R R B m kA T bR UR BT R A9 5 B B R 3R L AT B K KA B R B AN AR R KT e R
B E R EALNBERETORNZH, TASHEHBERES, LF TR NE BR ESAPEE,;
VABAAG YO R B AR A R R A T ILARK AR R AR, AR RS R R B A 3 H) A y;/fzym»lz‘%%ii_ﬁéfc *E
DG AR B TR RIS S T SR I M, SFRIREN] A R R R S F R A A, K/ kR A
23K 3] 3 mm, HEH A 0.2 mm, LA LM E K IE BT R AAKF 4 S0 BAT E M,

XEHE . HEER AR ;M MEE;EERX;EKBAR

FE S TN249 SCERFRIAAD : A doi:10.3788/gzxb20235206.0614003

0 55

TE [ FRUK 45 DK S I 00 2 K A AT 40 i 5 T 22 ) ) PEE A AR B, A A A o RO PR e Rt
% T A IR 0 45 5 B 5 3 R R Tﬁﬂ*%&ﬁ%%ﬁm%%m%,Xﬁdﬁ+%7i?ﬁ%ﬂﬂ‘ﬂ‘i
AT AR R A TR B RE A I BN D1 T I A A VR AR A B S

T 32 378 2R FH A9 B8 1A S 52 A% I i 2 4 i = 9% @%‘uﬂlE%EF%#IJW%EW%EFM R4 HL 25 i
AR ARG IS GR S B AS TR B B L3 3 ol £ 0 AT 3 5 S W TR A 3 2 vk R A RS AT L g
o AT B AE B AL AT AL e, RGP 25, 78 5y DR 2 A0 8 e i B O o A 42 foh X3 100 9k ) T A 3R )
AL, VIIKARL V V2 22 88055 38 He AN TR Ak 19 S5 1) J800 15 55 ml ARG 00 81 fh 38 08 - A 7K okl 37 5] i
AT JBE 482 S ELAR I 1 % TS558 0 s DEWANGAN D K 25800 R4 18 160050 45 56 BRI 43 26 38 i 7 —
T 1 35 BBl 20 I 2% 119 3 B 0 S I 2%, AR RS 1 0 b gl T MR LUK *ﬁ*ﬁu@ﬁméﬁﬂ%ﬁ R 7 5 % IR
B 2% 1 52 i ; CASSELGREN J 28 fili HI S 2T AR A AL, 72 = F AR AE 4 A%, 3 2o BRG B 18 31 B TR 5
ARFS  H AR £ B 5, 0T B Ry T 5 AR A Ay ”nﬂﬁﬁ%w‘%ﬁ%ﬁﬁﬁzﬁ%?&JEiR%IJ%K%JT:&?DBJi

FRUK (&5 UK E 25 . 9% 2% Vaisala 2 @ 0F6 09 DSC111 0G AL B A%, 92 BT 8 B v ] 58 7 14 % o bR 25 )

S, IR T X 2 mm DL RRUK 48 DKORE B AT I o AE T A b AL T 2R A AN RS R R B B AH DG B R
BB g M B L R WL T ARGE

2021 47 A RS2 (M0 IG ) FH T A0 0T RS D 1 T S B T AR K B UK AR A 1 ) L B BRUK R
B0 ORG BE A B £ 0.2 mm, {HEF X R[] 19 [ T A% R 38 5 B R AT B BUK AR A, 52 B I AE A — 2 TRHE
L A ST 45 VKRR B B D i o FE L3RR b AR SCAIF Y T 3 T IO S 0 AN IR A R A I T 0 D A
BT A SR T, AT I B T A I DR S ST T I A i BUK 4 KR I A

EETE &R HER 2 H AR5 H %7 450 H (No. KIQN202001117) , # PR 3¢ A % 42+ #1 50 H (Nos. cstc2021ycjh-bgzxm0128,
CSTC2021YCIJH-BGZXMO0287) , 8 P H T K24 5% A= 18 35 H (Nos. gzlex20223085, clgyex20202037)
F—1EF R, 2051349074@qq.com
BIFAEE . 284 wudecao@163.com
Wi B 2022-12-01; R A HHI:2023-01-05
http: // www. photon.ac.cn

0614003-1


https://dx.doi.org/10.3788/gzxb20235206.0614003
mailto:E-mail:2051349074@qq.com
mailto:E-mail:wudecao@163.com

1 EAREE

1.1 EERA.EKEEHRNSHER

AR RGO AL R BN E 1R, Hod, DK KRR, L OGRS 65N 16, LLO S A
S, BRGTRIK KR G Y BRSO R TR S O G5E 1 A K Pk R T B ESRN 1L TS A R o, Hh
KUK WAL B S8 Ry T, 5 B3k % S5 1T 9 06 28 S5 1) IO O PR IR, A5 B 5RO I, M R K UK SR I R
SRR L e 26 B P ORI,

Seeper/Ice 1,

M1l kxtkHFrEAE
Fig.1 Diagram of beam propagation

AR WA R E R LS LA

I,=(hT\T,) I,e * (1)

K R =D/ cosa, h g T G 1) S5, T T, kK UK SR RS 55 R R FEIR WG BB, & AE 177 1)

BOK S BB CE DGR 5O H AR R L A T B DG PR 23 A% B R OG5 R ORI £ (8 S L S SCAR X S

R Rl 2

I, d(I+1

R=1." (dh’lo !

A1, ARG Ly, o T8 B TR AR 2GR, d O 25 SO R B, A TR B E S p = b/ W ORI i
T AE A T RS R W5 ) SRR s R A B (2) m] AL, K KRR EE S

D=c¢ InR+ ¢ (3)

~PTsze 2 (2)

E*?

cos a cosallnp+InT,+InT,)
C - , Co— (4)
2k 2k
TEIK VKW SEE AR E A 1 310 nm P K T AR, S8 IS8 o B 22, 45 A S 0 e
FEl SN 35°~55°, M FLIK B o Sk 25°~38°, 25 UK B} Sl 26°~39°, ZR Ak 4 /N o PRI, W] %5 2 8 o, Il 5 8, 1 i3 SE 56
IR E RS
S8 c, DB R AL AL YRR RS 10, 5 i S S R A S A . MR (3), o, n il RLK /45 vk JE
5B TR RS R R i AT bR g, B

c;=—c InR, (5)
(ELYE 36 TR 5 7N, 7K 1 2 U S0 TE B FL L, ol 0 T A8 450 8 o IS B TADRE o A8 I 9 9 S S B T
B5E F 5 1) B A AR o B s, B p << 1o RS0 A B B I IR OK PR B L BUBR 22, R S BUKCIR A5
T B I 16 S 5 AR 2 S o PRI L, 5 BRUK /405 DR B2 B4 2 506 98 0 A A5, 0k TR € oo, — U 227
00 B 375 AR Hh ¢ TR P A RIS
SR, I N TR E ¢ 20 WRUHE B DR R 39 I 322 0 vk B I MEE o ol 7 AR BT 2 — e e R it 7
MK 7E 1 430 nm B3 B A AR 58 B WO 50 (A3 20 KR Y S 5 28 RO 78 I8 1 W I — AR I UK AR TR T &
A BRSO o HETZARE, A 2D iE s 20 1 310 nm Ak B B 5F AR RO IFIE N R, BI AT AR H5 50 (5) SE X ¢, 9 A

0614003-2



TR T WP KOG K R AL BT

Blibm e o A8, B[] — 5% 1 PR Ay 65 T B 48 L €0 % B o AR A TR TR 5 R ¢, R0 A T A X e, 1 1 B ER R AR
FE SR AR (KRR E T
1.2 EREBLEM

TRIRASEE RN K] 2 R, ERAFELE RGBS . JeERGE T, = A WOL S  FH E E 5 1T
A7 6 B 5 % T, He b 1310 nm AT 1 430 nm A R %K, 685 nm Ay AT UL YGHE R K BT RS B AR R 2 )
(5.08 cm) BUR A He W R A5 A 1 270 nm =y 38 38O 7 0l 55 PR 5806 T4, B i@ i 3 mm B A2 InGaAs G H
PRI 25 55 40 hy FUAR 5 5 0 B 25 210 A0 PR A% e 000 o B T IR B PR KRR o R AR BOG IR B AR 5 R
G5 RAE 3B Hodr SO IR 2 i % B R 3 3K 20088 6 & S 0 SR 200 % 1 kHz 4 25 H 50 %6 1 07
PR E S IF DR AR E AR 6 mW ;{55 I8 B B X O i 5 5 2E AT FL U/ R (1/ V) e 4, O FH 07
@ﬁmkﬁﬁ%&thﬁ%ﬂﬁﬂ%ﬂ%%?%EfﬁanMmh%ﬁﬁ%ﬁﬁﬁ%mﬁﬂ%ﬁ
T B — [) 3 A AR I A% A 3 LA T B T R SR

| Optical system Signal processing circuit

____________________________ T
‘ I—‘—:} I/V amplification —3 Secondary amplification —3» HPF
’ | +

|

|

| |
| |
| |
I I . . I
| NI/ Optlcal filter | | ADC < LPF <«— Lock-inamplifier
| Collecting lens | |
| | + |
| Infrared temperature “ ] > MCU |
| sensor | |
| | |
| Collimating lens : | |
[N 1310 nm | I
[ g s laser || |
I R 1430 I I
| ‘« " — laserll”m :: T Laser driver Ethernet network |
|

L F 685nm I ! :
[ |

" laser Jl

—_—— e o —— — — — —_—— e e — —

B2 BAALERBRAZER

Fig.2 Framework of road meteorology sensor system

2 KWESH

21 XWEH

SEH RGN 3R A FTOR o AR IR ] = I AE S R R RS O 1.5~5 m, 1 BE R T YW L Dl 35°~55"5 1
JE RO T & BLK DA B g vk R B O RS B 8 ) 0.01 mm; [ T 45 m@mtm%*%@%&%
(‘Thermoelectric Cooler, TEC) [# & 52 B .

B3 i A5HE

Fig.3 Experimental system diagram

0614003-3



(b) After encapsulations
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Fig.6  Meteorological state measurement data of asphalt road under different angles
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Fig.7 Meteorological state measurement data of stone road under different angles
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Fig.8 Experimental data set of the variation of R"" with the seeper thickness
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Fig.9 Experimental data set of the variation of R'*" with the seeper thickness
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Dual Wavelength Laser Road Meteorological Sensing Method

LONG Junyu, WU Decao, LUO Binbin, ZHANG Ying, GUO Yufeng, CAO Sheng,

DENG Lei, ZHAO Mingfu
(Chongqing Key Laboratory of Optical Fiber Sensor and Photoelectric Detection, Chongqing University of
Technology, Chongging 400054, China)

Abstract: The installation of pavement meteorological sensors in high—risk road sections and real-time
warning of passing vehicles can effectively reduce the accident rate and improve the highway transportation
efficiency. The pavement meteorological sensor can be divided into contact type and non—contact type
according to the installation mode. The contact sensor needs to be drilled and installed on the subgrade,
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which has poor flexibility and is easy to be damaged due to the rolling of vehicles. The non—contact sensor
adopts remote sensing technology, which can measure a variety of pavement meteorological data. Its
installation does not need to damage the pavement, which is convenient for large—scale promotion and use,
and has a broad application prospect.

The road slippery state is closely related to traffic safety. To solve the problems of low life,
inconvenient installation, and easy damage to the subgrade of the traditional contact pavement
meteorological sensor, this paper uses 1 310 nm and 1 430 nm lasers as the detection light source,
combined with infrared temperature measurement assistance, to study a non-—contact pavement
meteorological sensor method. In this method, the reflectivity of water and ice medium film at two
characteristic wavelengths is obtained by measuring the backscattered light intensity formed by the light
source under different road conditions. The pavement meteorological information can be obtained by
solving and analyzing the reflectivity. First of all, based on Lambert Beer's law and according to the
analysis of the laser beam propagation path, a theoretical model for measuring the thickness of seeper and
icing is proposed. The model contains two parameters, which are related to the type of detection material
and the road water absorption, respectively. Among them, the parameters related to the measurement
material are constants, which can be obtained through experimental calibration, while the parameters
related to the road surface are variables, which need to be measured at the road surface site, it is obtained
by the automatic calibration method of the zero point of the relative reflectivity; then, according to the
demand analysis, a pavement weather sensor with practical significance is designed, and the relevant
detection system is built; finally, the meteorological state of the pavement and the thickness of seeper and
icing are measured on the asphalt pavement and stone pavement with the self-designed sensor. In the
identification of pavement status, the mixed identification logic of relative reflectance and infrared
temperature signal is used to realize reliable identification of various pavement statuses, including dry,
wet, seeper, icing, and frost. For the measurement of thickness parameters, the reflectance zero point is
used to automatically identify and calibrate the measurement model parameters, so that accurate
measurement can be achieved under different road conditions without on-site calibration, effectively solving
the problem of baseline drift when measuring at different angles on different roads.

A non-contact pavement meteorological sensor based on dual wavelength laser detection is proposed.
The sensor has the advantages of simple structure, long detection distance and low cost. In terms of
measurement method, five pavement meteorological states can be accurately judged through mixed logic
judgment; by using the automatic calibration method of reflectivity zero point, the measurement of seeper
and icing thickness is realized. The experiment shows that the measurement accuracy of this method
reaches 0.2 mm, the measuring range reaches 3 mm, and it can adapt to the pavement with different water
absorption, achieve the measurement capability similar to that of foreign advanced equipment, and solve
the problem that other methods usually require manual on—site calibration, which has good practical value.
Key words: Laser sensing; Short wave infrared; Lambert's law; Non-contact; Road surface
meteorological
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