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ABSTRACT

Because of the high speed and great flow of the vehicles on freeway, accidents
occur frequently when the visibility is low, especially when there are
agglomerate fog and sandstorm which appears paroxysmally and stochastically.
Low visibility, which is caused bad weather such as agglomerate fog, rain, snow and
sandstorm, has become the main cause of traffic accident on the freeway. It has become
an urgent task to develop a visibility pre-warning system to improve the road security.

This thesis developed a visibility sensor measure and pre-warning system, which
contains a visibility sensor, a data processor and signposts. The visibility sensor
measures the visibility of the freeway in real time and sends the visibility data to the
data processor, which make the signposts flash to warn the drivers when the visibility is
lower than a threshold.

This thesis first introduces the theories of visibility measure and studies made in
the field. Then the VJC-2 type forward-scattering visibility sensor, which consists of
transmitter, receiver and signal processor. The transmitter transmits a low frequency
light pulse, which is received by the receiver setting at 33 scatter degree after scattered
through atmosphere. The pulse signal is then amplified by AGC and converted to digital
signal by A/D IC. Then the signal processor detects the scattered signal from the digital
signal by correlated detection. Finally, the visibility is computed based on expressions
of visibility detection. Experiments on freeway have demonstrated that the visibility
sensor is of high preciseness and stability.

A pre-warning system based on solar energy is also proposed in the thesis. The
pre-warning system sends pre-warning orders to the wireless signposts, which flash in
different models to inform the drivers the visibility of the road ahead. Application of the

system can effectively improve the road security.

Keywords: Visibility, Pre-wamning system, AGC.
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AR, EXESERNARER. BOLEERAAT LI EKFEEE, &EaT i
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2.1.1 BEREMFRIREREENX

KPR ETRNF. BEEK. HE. BURSHER KR FRT, XE®X
KPR FEEKSEEFNHEESREAHBHERE RS EWEREEZNHE
Fo FIARSEHRAHMAKBEB KRB DMRZHR T, X PR
B — 2B TR, X B R 77 8 e DORLF A %O d— SE I LA 1) IO
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R W EBRT ARG AR, BERPAEROREER, URASEHRYE
MRS YEMR.
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VIHMERT 0. 05 HETRBELMKSBEKE. "AeE R ET LXK —E X
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KA SR S R SR . E—RERT, BT L2,
T2 BRSSP RT R S RATH=ENEHRASMREERELENETF, B
HETRE EHERETANIEH REAA%, HUESSH RENERSHETU
KBRS EENE.

2.2.1 B

U R —FE R, 7B A T I — AR 1 S A S 8 P IR I e
B, YRTHITHESARNRAAR, EREKGEERRH SR TFAF LML
WILAR AR, RLF R EGT RE B R,

TR TS, AR RRREAT A =TS A, WR
EAKFRE W FEER, WIESEREREAIANG T HRXFREK, BB
EREHAEX, HEARTURARERSH, @ RESH o=2m/, P r BH
TR, MAAGHBK. EEAKEHERRA: SEHFRTRAD, Boz/pT
1 6%, B TR BB L R5E B AR AT A S R 2 AR A LR XTFRI, B A Rayleigh
U ARTE; MBUGTRF 5 A EB KA, TS erEREEE TG
8 YEHRTFIE—S®A, 0o XTF 18, BEEEEES TR, FEEE
Mo PE FIRHBL T RAE A, XEER Mie B AR AL

B A SRR M A R KK TR FRIRESE, FIUREBRTFRES
BHAR, FAFHARLEFE. 3 a<0.1 B 3K Rayleigh ST EE; %401<a
<50 i, RA Mie B8 % a > S0 FERAJLFDEEK . AZEit3IEXK
fE LR B R KNS LGS K (400nm~700nm)AH H iR F, Bt Mie #
SERERMNARELEUEHEESE.

2.2.2 Mie #5045 R 5 RS HE R E]

Mie B BVIATYWELE, #RBAFARKRENKRS FREHFR, MEX
SdE EHMNARBERAEE, B ML TERRE P AN T BRE
LEE L BB RFEARAREZARARXSHNEROLES . ABNERSRLE
M% %K. £ Mie BIRZENERARF, TRIAH TARRARTSHE. FRAH
S BT FROBSHF . EhTERARI TEBHAESLFNA, FHik
B B XA A Bk U AU B T KB R, AN T KERLREER
RFAE ERSh B EE TER FERNANER AR,

Mie B 15 A :

BEEBSTRLF ERRMK, A1 B e S B e i e E RE K,

AU U e B A EARBBNS A H R IRR AR o U e h 452 BE B K B 7 1) L BL
TE#U F 80°~120°2.[8];
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BN BEAMEEKTR, YEHNFRDESEKURTBRE, 28K,
BEEENT, BELSHNFHAKE, MEKEHAEXER.

B2, —MNKENFEROEESE, RS s TRARE, EXEdHst
FBES AL, HMPRERMAG AR, <P b X E B — KB S,
EBRSMREE, Z£FH, LEEWETHR-RBERNEH . 55, BT
B U X E R BATH TR, BrLlaTm s 55 mBU eAE, SR TR
ZHIWEE D

B4 Mie BUTE®RY, BABSPRLT OB RE [ESAN AAEE T | LR
A5 5RE 10 MK,

I=Mi, 26)
AF MAERRH:

Mo»,r,m,e)=§n S, (a,m,0) |+, (0,m, 0) ] on

K A AAG BB, r HESRTF LR, m HECH BRI RN EE A
KHIFEKEXR), 0 ABHA, o ARESH (a=2nr/)), Sv(a,m,0), Su(o.m,0)7 7K
U 9 R ) 2 L2 A R S K 43 A eR B

IR P(X,rm 0)E S A BN ERTE LT I B B8 I BE RS A 43 A, LA

MO, ,m,e)-"s("’r ) b3, ,m,60)
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R Ss(A,r,m) 2 AN U BT I S B R -

og(A,r,m) =W f[| S, (o,m,0)|+|S,(a,m,0)|]sin6dO .10

ELBLFERTPHN. B EFZOBERATHOESH, HFERFEMHT
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3
Pyl a n(r)Q (r)dr eI

3
P@)= 4:263 [ (1S, (0m,0)]+1 S, (o, 0) 1

c=

2.12)
KA Qs AHUHBEHF:



BERAFBEFAIR 2 R E AR E RS

og(A,r,m)
o’ (2.13)

Q._

2.2.3 B[RS & 2 Ak 0L B R

B 0 B A L RIE R T R B LA =AM AR AHT:

KRRAKPHFEM, BASEKER QB4

KEHIR R E R T LA 2HE, B KSR Y o STRRTE. &/
MRS ZBKS, BASHTHRKERS T RBREEMN N E;

B O BB L RIE LT8O R Y, SR TRARIER, K
BT, EHELNHE, BEHESEMIE L THHRE.

B—AAIRRATE G R B BT A, BT AR R A
B, T RERBEAGER KSR T BATREASHTENRSRT, TRy RS
RA—/MEBIEARBHE AR TFHESH. HERAELENEUREKE
B AR 2B R, FEMRTBLT2 BRI B P T BUA Y KSR AP R
ff, BIETLAFISEREABE M a LERE N EEAMASBEILE.

B oAHRNERERBRSS) TERSPBEUHOCESE RN, 24
KBS : 7EUT OB RUIEL A ASBRR, KRB A 56 Bk
R85, KBRS CHMESER X EARERSH E, KKK
FHRBET KA ESH RZH.

BEAREMER S Mie BUNERA—HLRMIFIEGN. REARLBY
Bimgiih, 07 200~50°2 (AN EGH MR ¥ PO)EANH Y, HWHERE
Mie U, BEIES AN 0 10 78 20°~50°Z [E) KSR T K B IR E 10)
SRR TE R 0. BEAHRS PORAS R [ 2 MFELEXR:

1(8) =o5P(0)1, (2.14)
H1 Koschmieder A1_EXBATIRT AR B KR F (9B A 0 0 BIEKAT AR 10)
MR ZEAEZ BH THIRR:
;299 _2.991,P(0) _2.99P(©)

B F P0)4 % %0, FTLAMA RATREMAHAIRE 10) 5 A ARE L Mt
R AT LAB BUMIRL I S B AL LIE Ve
224 BIEESHENERDERIRESZIE

RSB ALUE XHE TR A RS 40 AR B BUR i 550nm A AT
Y, TRD I BUAHER B A AR A S e RIS, BT EERKE—E
ERIHBTRESH o SHHEL, NTEFUEBINRLESSEREAEL
EHIRE, LAHTRKBIE. 55N 0 & 20°~50° a6 B AR P(O)
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ERNEBRARER —RSEBTARL, HHERNFRNHENHRE POFH
EH, EFBEMRSTHSHRE POFANE, OB NENEERTEM

R BFTELIBELEMUABE. AABEARMITF:
Vg = Vigg ()

550 (2.17)

A Ve HEB WS REBIE, Vax NETEBHEREBBNRERLE, M A

Bt e AT R A LA B K EAA nm), q BIEERERSBARSE

2.1 BUH:

£21 AARAFHqHE
Table 2.1 The value of q at different weather

KAMEH q FEE
+4 R, V>30km 1.6
—RA5RH, 30km > V > 6km 1.3
Be WLEHAK, V<6km 0.0585V'"

2.3 BHEMABRMERFRE

RS R MR, HXASEE KRR S KR LR B R
£, HZHK. TAFHEEALHERBS AR BN EER, BHAAESERE
SEEERES, XEAMUEETRURENZIEEE, RNhg RENRNLS
RERTEERHRE. BERBHFESANERGET LB HRRLIRBHSRE
SRR TT 5.

WIS RN T i RIEES TG 5 AR AR, M. SR )Mt
FUEFE IR (RS« SR Gttt )R RE B, RERIRAXE SEBTTE,
¥ iEg Y R TR E SERIOHR YR, EBRFESHORNT, &FSEERD,
T EfEREE SRR AERK, BN ENESFERIRK. AENRATTERME
KRB EERILN, NEEPRERIHARES. TEEHIKTEER
SRAE S R BB RRFHIB T WREAESHRBE S H AR A,
WBATRER B EE B P ORI BN RN ESHRKIME, FEEWE
TR R Q A, BURTLMESUE A a8 A A I R MR A Z 2], g
REFESHER. ERR Q M EERSA R ERAELH, HAPLMmEK
BAKREE, MH Q EHFESMENRUMNZE, FHEHEMKHEIERBRELE
S IR TEOK 28 X e 75 I A A PRI

BURIICK 8" ) (Lock-in Amplifier) Z2FIFIfF 5 RA HHXETE S 5RAE K
FHXRERNHFRERARESELSRENRGNR, ©REIERRIKESEME
BE D DR R AR R A R TR SE R SR Mt R,  EANFEAE S 38 1 1 8 B 23R AR i
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2 BERER I RER

MESRER MRS BRERMBEESRMM—MERTFR. SHEBKE
MIEALHWE 2.2 Fin, SUHBCRS EZ MBS KB EREBHEK.

PSD

G

Asin(w +9,)

LPF

AB
2%5RE5

Bsin(w,t+0,)

—2-cos[((n1 -, +(8,-6,)]

=

+ 2 cosl(@, +0,)+(0, +9,)]

2.2 B AR EEE
Figure 2.2 The Schematic diagram of the LIA

v

2 cosl(@, -, )+(,~6,)]

FIBKY 3 28°%(Phase Sensitive Detector)SE /i &M TR v: B2 (SR F S
%), FEEHAEBRAGT Asin(ot+0) 55 %ES Asin(ot+0)HHF(tH w] F 7 ik
BEEANSERES), HERSHAMANGS5SEESHESARNMAN, Fil
TARIE I3 28 (Low Pass Filter)IE R AN ABcos[(0;+w;)+H0,+02))/2, %9 Z 5N
ABcos[(01-01)+01-62))/2. TRKEBH BHHFRRE, RAFERNESELHN,
e RE o= FESA8EEE, HEBERHHMERE ABcos(0,-0,)2 5FH
FEHMEE A RIEK. ASHERAESHERRNGESENSEESH, RITUE
PRSP HIABTIRG SR, BREREFE R THSE SR E M.

2.3.1 SHBLIHHERK B2 R 22

ERBABARERTUHTRAUBSEFS, HEMNAMNSEFSEE™
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Table 3.1 Electrical characteristics of GT-P03IR4101

Parameter Min. Typ. Max. Unit Test Condition

Luminous Intensity 160 170 180 mw IF = 350mA

Spectral Line Half-Width 848 850 852 nm IF = 350mA

Forward Voltage 20 2.1 22 A"/ IF = 350mA
Reverse Current 20 pA VR =5V
Derating From 30°C 0.3 0.4 0.5 mA/C VF=2.1V

Operating Temperature 20 80 o IF = 350mA

Range

GT-P03IR4101 BRI SMNRE R E R HBFRFHEWE 3.1 fin, ATREREE
R BERTIER 170mw, T EAEHUBRIERT 24%, KARKETHERLE
S%REANEHUME, FAERAEREEEEERE M. ASRAEEZER
KIS, FEX—XIBEFHN. TARETFHRAZH T LXK EHEWS, &
BhF U E RN . BRI, BTREREK 850nm MIZLAIE, RS
FRUEF R RS A 550nm BRI G, XEAE —HAERE LA T —EiRE, BA
KA AR M ME EA 7] A RMER NS RBELE.
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Figure 3.12 Top logic diagram of the LIA

28



ER KA FALR ST 3R ERAN BT ESEA

3.4.4 Hi AR BOSEH

EL Y A 6 7 T 2R A R K P B e b 7= A L BB B TR FE K 8 R Y 12V
EH#AESV. +33V PULR+12V B k. BT RPHAE RN B ESBEE SN TR
HHREM, FIUATREEENSERRTELARELXWHEE, AiELH
MARZM EEFERE WA KHEMS, FUBBRELBINEHBRABE 95%
PAEFFRAYE, AIITH BRI,

3.5 KB

FEEH—ERMES LR ENNEARBENEM L, ERTHaE
WEELENRALITE. ERGHTHGENERLENFRMAREL: K
STRLL AT Rkt 3R B8 R DL RSO U S5 5 S IR FFE TR SR
R BRI SRR BT RO ThER A 07 B UK S R 58 %
ETHHMBERES.

29



ERAF AR 4 BERGEMRIELHR

4 MERZEHZITSEH

T RERBAN REMPATES, BEREEBE R T 7 E B 5760
BB WEDIRSL, CAE BE SREUVH RS M S B B R L. ERREE. W
FEHMLAEEEERERA R RN R, —BEHRREFXERATHE
M5, Rl BT FUE R AR 2 R A KB RE Ot s Y, BRIk JUR (K ZhFE L B
ERHTIGE, DERSEHEESEANRAITRBEE LE. AERZCERT
5 BEHIBMAMRRETLRE, RERERME 4.1 fin. EHSERLERTR
B4 TR RE M 1 KRR LB AR R HE R TS a4, AFREE&BAR Sl 2l
A JE, B b T SR R G AN IR B I AR T S R A B T B B A
fE LBER S o

X4

eI R

M
e—himpenappnan— 80 ] [ eeeeeneeeeeee AT
i 10K

500% »
—————— W — — — — — —
—500Kk————————P

10— 1741

T ﬁ (] e—murmurmpimu—>

4.1 ERLHIREE
Figure 4.1 Schematic diagram of the pre-warning system

4.1 ZHIERAIRIT

BAERACE N EHIBNETANE R, WRRAFETE RS
R EBEME IR, FREAFAERBRREIMES. BrLlEREsTAER
TLBROHR, MERBE—-RILINER . FRAELER. EX=MEA
i, AHNBEERFEHE, TEEREIANBEENZEES, AESERE
ABREPHEH. EENFELORBRY, EEHRLEFTNTH, HBAES
. MELBEWAAARGERE. EHEAT. FEHE. WTHRERES
o, B, TREFTLURFHHEERENER, ELEBFEHGIEFES—HBE
HiE, FAAAREMEARFS . BREEFAEN TR mLRE,

30



ERKPHA AR 4 FERGH R EEH

{EARE SEPR BRI T R BT B R BAR, AL RIBIE N T LB KA
FIHR. ZRGEAKBBRBRY AR, REKRD, EER. EEMHT. &
EHEEGERA.

4.1.1 ZEHERA T

R TAERE R 315M, RAFRERSE SAW B4, MERERHRS
PR TF AR5, SIEBEE—25~+85 B2 RILE, BB 3ppm/E .
T—f& LC G BMEREER—BHRE, NERARSIMIARE, B2
R B FBIR AR E 2 F SRS RE RS

O R T R % a2 VST UF LA T A

O BHTEMER. AR EHRS %N TIERE—BE 200MHz AT, WL
Ve R E %% 28 7] LAFE 1GHz A6 HARE Ll e i TE. 3 BB S EH AR M
TIZHRE L0 UHIEH TARER 3~5GHz AR MBI 2%

@ MEREELF. RS R R 2R 0 R e vk T LA B
10-10~10-11/S B4, L%k mMITABEEZ AR 10-12/S B4, H HimEHMA
1kHz AR50 HI A A K T-120dBe/Hz; AR ATETF-176dB, &4 HH%E
i) 500kHz 75 R =7 42 0 BB 1kHz 4b B 2230 35 AF A7 e 75 41 T-135dBe/Hz;
PR REN. SRERRENSYERRERIRGRER; FEUERN 10-6
B,

@ EREHERYBMOEFCAHHR EEEA R RERESROEEE, &
SEREL LC %807 BRI IRY MR KESGIE ML A 1~3%, F
PR 531 75 2 B v A i B B 428 GO AE XY 384 5% AT A A |

@ BN, ERR. A TERAERGBOAREHTAMHETE 58K
M PEHETE 8 FEfTa U RERNSIRE S RN AR R IR %,

® XHMENBUREE /D, LFEREEIRGS LEEFIMES KA E S,
SR 55 38 4 L AT 52 BN LA 3 0 1 RS 2 IR TR SR A 0 % 2R A0 AT 2 REEA
B, EHZ 10-9~10-10/g;

® Pirtidr. PIRBIEENE. BT EROBRGEVAEEGTHETUEES
BRI, EitAHRGROHHESREN;

OHEBER . — MR EREMEES %, X THEHE 370MHz, 45
HIhE A+10dBm B FIHEIFERE R 25%.

HFXEMA, FAEREEEFEAT I EONA, £KE. BREERSE
MER, URKERZRED, LIHEHTARORAHRE. ARAXANR
SR AERREN TIEREEE 3~12V, YBERLAREHEEART, AR
SRR ENRBERE RN R Bl JRSBER 3V, 25

31



BERREFALFMRI 4 BERZENBHSIH

HAEPE B 20~50 K, RATTHER/D, LHE 5V B 100~200 K, HHE
9V BF#7 300~500 K, LERSHER 12V i, NBRETHRE, RERIFNRS
ME, KEHMLN 60 TR, Fy HERIER 700~800 K, KITIEL 500 Z .
LHEAT RV YK, ARAHDEAEHERT. XEERNERRR
SIhREB K, ERERLKET, WRESEREAR L#HTEM.

T R R ST FEE ARIE:
WAL A: AR AM;
PERER: +75KHz;
RFhE: 29 500mW;
FAHER: DT 0.1pA;
REHGL: 4 62mA;
RS KT 600 X;
TEdE: HR 124K,

L 2K 2 2R 2K BN 2% 2

VOC+12
Q50 $855

s

RSO []RS1 %71'5
|

200k | |10k C50 2p
3 L—’L‘ gull

4k EoSAWSTLS2 =

315M (4TS, GND  cs1 IS0 ANT
Rs3 Qs1 5 ’——@
PIN17 of PT2262 >—___] 215
4K {5800 15p |

Hos2 &2
”Eskzm p
GND GND GND
4.2 BRI RER

Figure 4.2 Schematic diagram of the transmitter
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BENERNBRAREREE— RS, XMIRERT AR T R4 0ER
#HEE. AMEATERRECRELERRETEH, ERRGEHLHE, B
IR T IRAS B2 RAS AR RIRE, MRARZARESR
7= K S SRAE UG B LB A B i 77 K

AP RAZHES ABRRBERRTRREREIN, KAWL R
ER—ABENEWAR. ERETHRESHERT, EXRDIMKMIIIRZE
&, BSABERRBERR: BRNESTTRIBAT, BTEMELTCRA
B SOHz f T EE AR T3 B B B2 BUAT SR i T4 SE 58, 3 Hth Bl BT K A
BB K RN S BT SMBLETEER TR, BT B A RS
RS RABK B RERA 10kHz, FrUARMNMMEEELE S 0~10kHz,

HTHIEGENRGEE, RAFE 0~10kHz FEE A LEEE 1kHz B—MHUS
Ve RAHRER, iR &ANMRE T Kb B A RS E SR B ERHFENK
HIEE. Bl RER RIS SHRLE 2kHz M 3kHz i, BBOR T LS 2IBHF M
BHXES. BiE T REHCRENXBEEEERIEM 2kHz 3 3kHz %8 100Hz
W—AMFm, REER EEAMRRTE, BREREREESKRERE R HER
K 2.4kHz.

ATRIA— SR FHMBORBRHBR, RITETETIIRESZEIURE
SERBE B IREE, it B THERE RS, XA ASHBKSEF RN EER
A EENLOR B L R RB2. WELRNE S fin. WUEBHERNN,
WEREBEEGELETNELERNZIERGFEZWEBR, XTEZHTUELER
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SEAWEREA BT NERENEX.

£ 5.1 HEAN S RASHBAERDNMER
Table 5.1 Results of LIA and direct detection
WHEEE  RARRNGRMBEESLEE  RESHBKERNTN REZAKE
35 0.2518V~0.7576V 0.4513V~0.4561V
H 0.7518V~1.1576V 0.9582V~0.9613V
] 1.5518V~1.6576V 1.5818V~1.5868V

W BB R EBE R VIC2 B LER, ERERLEZLH—KT,
BR—BRMEESSZ3EXE EGRG AFK 207 B R aE AN ETEE 60m~
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6100m, WEKEFES%)HITERERBEIR 52 FMER. AT M VIC-2 BIRE WX
FERKBA£12.5%, EEFFERHEAK 2000m W£20% 00 8558 EK.

£52207 B 5 JvC2 MM ELE R

Table 5.2 Outputs of model207 and model JVC-2
B 207% JVC-1 Kl #E

. 30 548m  S540m  -1.5%
00 624m  635m +1.8%
30 855m  840m  -1.7%
00 1208m 1260m +4.3%
30 1867m 1972m  +5.6%
00 3549m 3794m +6.9%
: 30 5726m  6155m  +7.5%
10: 00 5834m  6269m +7.4%
10: 30 568lm  6107m +7.5%
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Figure 5.2 Control panel of the Tune and output of the spectrum analyzer
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Figure 5.3 Output of the receive
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