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Measurement of the Intensity of Road Fog Observed by a CCTV
at the Paju Fog Monitoring Site
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Abstract An effective method for preventing fog accidents is a preliminary measure that promptly communicates the
level of fog to the driver, and objective judgment criteria need to be established to set up effective precautionary measures.
In this study, a CCTV camera was installed at the Paju Fog Monitoring site to capture images of fog occurring on the road. The
analyzed images were divided into two parts of the near-field and the far-field section by improving the existing research
methodology. And the accuracy of the image visual range (IVR) was improved by applying the two image visual range
functions. Based on the measured actual distances on the road according to the criteria for determining the level of fog crisis
by the Ministry of Land, Infrastructure and Transport, the fog was classified into four stages of interest, caution, warning, and
seriousness. Of the three fog cases that occurred during the intensive monitoring period, the second fog case was the darkest
fog that reached the warning stage, the first fog case had an intermittent caution stage, and the third fog indicated the stage
of interest. In some images, The road fog detector developed in this study made a misdetection due to a driving vehicle, and
the average misdetection rate was calculated to be 9.9%. It was revealed that the lower the fog intensity, the lower the
misdetection rate of the road fog detector, and the higher the fog crisis level, the higher the accuracy of the measurement. As
a result of comparative analysis with MOR data of light scattering method at the Paju weather station, a significant difference
was found between the MOR and the IVR, so it is necessary to apply IVR using CCTV images rather than MOR in order to
provide more accurate information about the crisis level of road fog at the Paju Fog Monitoring site.

Key words: Fog, Intensity, Visual range, Image Analysis

LN & 2 % AP} AFe] wat 2 ot 9Aek 2008
d 109 Aol 20% FEATS 20158 28 9F

APl 2 F2 ol oA EAIY] 2AYS S WA 1065 A FEAML A7 tHEH o R A
I5t7] ok AFgatel| Faoto] 8 59 22 =9 B, Wi AR R IRt FEARLY
= AAZE ZobA iR 18] Y71 =2 49 S STh(Lee and Jeong, 2012; Lee et al., 2008). 73
o, F7t ool w2 W o] ®iskE Atst Fa= P Y 1A= IRt mlohE A&5S5HA o
A Fct B3], o 9 T8 I B o A Z5H7] S8l o that RS A1 st EAANEHA

£33 WEALTY dAo] AA-6-2] W AL oFA

9] Y458 ek gk

>

m oo =L
ot X

IO o2

WIsk el E A7 QAR Q15 F
& sto] 48] thsha otol A

-

|
BN o

ror

o7 [2EStE|X| M 37 E M35


https://crossmark.crossref.org/dialog/?doi=10.5572/KOSAE.2021.37.3.388&domain=http://jekosae.or.kr/&uri_scheme=http:&cm_version=v1.5

N ARAL A Rt mabAQl e 24
A PN pES A& Agske A 230,
Ao e AP 22 Beke +HS flsh Al
o 7129 vtgleo] Fasit e 4BAEl 1
km O[REQ Hi7] AFEiE 718789 A BEAR7t
N YO - Eelo] &85 . S EXET
€ E2AA P B 71l w255t
of ApFFe] FPLE ATt T FEHE TIHAEE

A
T (variable message sign: VMS)ol| Al-g-5ta 9ok 1
Hole =751, U= Q1o A FEAtLE Bt
Hog e uere o ggh Aolth LA
Qs AgAel ol Ar el AHL oy v &
TR A7 E ol BR QI /A 2 FRhol A A
A

AANE 2R 4 9 9 vele] Bas

TEaoA SAEH ABAE A BH 9] FA
e Azstel AARE HESte TIAR
2] A3 A (forward scattering meter)7t T2 AR&-%]
£, YO DA ¥ A 03
7] Sl ==l A E= A9t B2, = 7

5
(Kim et al, 2020). E2AF0] HHF B9, Y A%
of olg QA4 2] ull
o =48 % o, 29 Al 1G] 714 et
2] A= Aske] fglo] k. Eah, P2 A
Ao] A7) Ao W ok £ P37l 2R
0*71 uh2el =41 ARA} g w2o] o A
2 AMsHe 2R BEEE Yo EAY o
o1 Shck. Wb QP12 Q% A A )
Brt AAAo g whish] $istel ZRACIA Qb
WS P2 1B =S WET S glojof Fiet.
UUHOR B2 Il 5 moA] 4 km 77}
o Mgt AT E2 T7he] S AW
7] 27 5] Jen a4 sloid i
WA o B2 771 o) 5o ket Qb)Y st

= )
o] W Ak 7 %5}051 (Hautiére et al., 2006) =4
7] Az u-go] Ayt A%k w2 gH ZAE
T Aol ol At o |dzt
CCTV 59 G4 WAIE o83t A E= S
Aoz AF7F =l - 2Jofl A 3= 1Tt (Khan and
Ahamed, 2020; Kim, 2018; Zhao et al., 2016; Kim,
2015; Chen et al., 2013; Joulan et al., 2011; Liaw et al.,
2010; Bdumer et al., 2008; Hautiere et al., 2006) 7]
o] FA7IHE ) A 71se] 7] @A A=
7] Tt Tl A Pl B fr ks whEglon,
FT A= AR Bl ol A
£ wich= AR S Qi 2 AelA
CCTV F7olA S AAl= A4Sk AA|7HA]
o] 7=E 45t I BEE Ve 2AE R

WESE GRYI1ES BEA

:;

T 2Ao| A WAgstE el S st Ik
oW AAIEA 40 CCTV ZH|2HE A ALt 7
71k mpA] AW A 475-4 Q1T ARbSE 37
W T2 (B9 37°58'37.78 57 126°56'33.54 AL
T 33m)ell YRR INFAISA A= TF 137} o]
HIKVISIONA 229 DS-2DE5232W-AE CCTV 1H,
A A8 AH 1), AW Bo§ sk o S
=t CCTV 7H2te] G834 4= 1920 (H) X 1080
(V)2 2A AA )7} 7F55tH ofgtoll= 7hm|et ~

J. Korean Soc. Atmos. Environ., Vol. 37, No. 3, June 2021, pp.388-401



EVENEER
- .

Fig. 1. A CCTV camera, a server, and a back-up system at the Paju fog monitoring site.

22 QIx|sto] IR WEE A Ast:= AHsHE A
(Infrared Cut filter Removal: ICR) ¥4 AR835}o]
oRtele 1AL S AlFRIth CCTV 7H|eh=
Aol A 3.5 m Eolof] AAH, 7R T2
o] 21 A €] A= 9F 1.1kmo]H, o] F 34
T2kl oF 0.8 kmell 91x|gtet. 718k CCTV 7hH| 2]

Age 7 13} 2,

7 o s Qe 9 e v AdS
Aehr] Aol £ ) RS BE B st B
@ ko] AR 2 AFolA FFE 94 3t
2 w2, Ag 542 19 20 w29 B4
oA EE 9 2o EAL A =] Uke] 5
A Tg F3ho] AHE = LR FA5e= ddE o],
FEolle getitol fIetet 119 19 vrEhd 914
A% 4o A= 9 ALE 7eo2 Faols
(Google earth) GPS TZ Tj|o]E| 2 4H&Jch

SN 7 wAstel] tigt 97| TAlE WA,

F9o|, AA|, A7 43AIR Y1, 22} 250 m o4
e}

1,000 m 2|5k 100 m ©]4F 250 m 7[5 50 m ©]AF 100

Table 1. CCTV camera specifications used in this study.

Type Specification

Image sensor
Effective pixels
Shutter time

1/2.8 Progressive Scan CMOS
1920 (H) x 1080 (V)
1~1/10,000 sec

Tf“e day & . ICR (Infrared Cut filter Removal)

night technique

Digital zoom 16X

Focal length 4.8mm to 153 mm, 32 X optical zoom
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Fig. 3. Actual distance of the image shot by the CCTV cam-
era.
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Table 3. Setting parameters for the two IVR functions in this study. The IVR corresponding to the Y values are divided into 2

sections atY =84.

Parameter Specification 1st section 2nd section
a Image visual range efficiency coefficient 39 1.5%x107"°
dimax (M) Longest distance 1,000 1,000
Ymax Y coordinate at the longest distance 89 89
do(m) Distance aty=0 3.2 13.3
f Valid distance correcting factor 1,162.6 8,480,792
B Nonlinear correcting factor 1.275 3930
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Table 4. Uncertainty of the fog detection during the intensive monitoring period in this study.

Fog event Period Number of data Number of misdetection data Uncertainty (%)

1st December 23,2019, 08:03~09:02 AM 60 9 15.0

2nd January 3, 2020, 07:34~08:33 AM 60 4 6.7

3rd February 13,2020, 10:00~11:10 AM 71 6 8.5

Total 191 19 9.9
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Table 5. Comparison of the Tiers between MOR and IVR for the fog events.
Tier Tier
Date Date Date

MOR IVR MOR IVR MOR IVR
2019-12-23 8:03 2 1 2020-01-03 7:34 1 3 2020-02-13 10:00 1 1
2019-12-23 8:04 2 MD* 2020-01-03 7:35 1 MD 2020-02-13 10:01 1 1
2019-12-23 8:05 2 1 2020-01-03 7:36 1 3 2020-02-13 10:02 1 1
2019-12-23 8:06 2 MD 2020-01-03 7:37 1 2 2020-02-13 10:03 1 1
2019-12-23 8:07 2 1 2020-01-03 7:38 1 3 2020-02-13 10:04 1 1
2019-12-23 8:08 2 1 2020-01-03 7:39 1 2 2020-02-13 10:05 1 MD
2019-12-23 8:09 1 1 2020-01-03 7:40 2 3 2020-02-13 10:06 1 1
2019-12-23 8:10 1 MD 2020-01-03 7:41 2 3 2020-02-13 10:07 1 1
2019-12-23 8:11 1 1 2020-01-03 7:42 2 3 2020-02-13 10:08 1 1
2019-12-23 8:12 1 1 2020-01-03 7:43 2 3 2020-02-13 10:09 1 1
2019-12-23 8:13 1 1 2020-01-03 7:44 2 3 2020-02-13 10:10 1 1
2019-12-23 8:14 1 MD 2020-01-03 7:45 2 2 2020-02-13 10:11 1 1
2019-12-23 8:15 1 1 2020-01-03 7:46 3 3 2020-02-13 10:12 1 1
2019-12-23 8:16 1 1 2020-01-03 7:47 3 3 2020-02-13 10:13 1 MD
2019-12-23 8:17 1 1 2020-01-03 7:48 3 3 2020-02-13 10:14 1 1
2019-12-23 8:18 1 1 2020-01-03 7:49 3 2 2020-02-13 10:15 1 1
2019-12-23 8:19 1 1 2020-01-03 7:50 2 2 2020-02-13 10:16 1 1
2019-12-23 8:20 1 MD 2020-01-03 7:51 2 2 2020-02-1310:17 1 1
2019-12-23 8:21 1 1 2020-01-03 7:52 2 2 2020-02-1310:18 1 1
2019-12-23 8:22 1 1 2020-01-03 7:53 2 2 2020-02-13 10:19 1 MD
2019-12-23 8:23 1 2 2020-01-03 7:54 2 3 2020-02-13 10:20 1 1
2019-12-23 8:24 1 1 2020-01-03 7:55 2 2 2020-02-13 10:21 1 1
2019-12-23 8:25 1 2 2020-01-03 7:56 2 2 2020-02-13 10:22 1 1
2019-12-23 8:26 1 1 2020-01-03 7:57 2 2 2020-02-13 10:23 1 1
2019-12-23 8:27 1 1 2020-01-03 7:58 2 2 2020-02-13 10:24 1 1
2019-12-23 8:28 1 1 2020-01-03 7:59 2 2 2020-02-13 10:25 1 1
2019-12-23 8:29 1 1 2020-01-03 8:00 2 3 2020-02-13 10:26 1 1
2019-12-23 8:30 1 1 2020-01-03 8:01 2 MD 2020-02-13 10:27 1 1
2019-12-23 8:31 1 1 2020-01-03 8:02 2 2 2020-02-13 10:28 1 1
2019-12-23 8:32 1 MD 2020-01-03 8:03 2 2 2020-02-13 10:29 1 1
2019-12-23 8:33 1 1 2020-01-03 8:04 1 2 2020-02-13 10:30 1 1
2019-12-23 8:34 1 MD 2020-01-03 8:05 1 2 2020-02-13 10:31 1 1
2019-12-23 8:35 1 1 2020-01-03 8:06 1 2 2020-02-13 10:32 1 1
2019-12-23 8:36 1 1 2020-01-03 8:07 1 2 2020-02-1310:33 1 1
2019-12-23 8:37 1 1 2020-01-03 8:08 1 2 2020-02-1310:34 1 1
2019-12-23 8:38 1 MD 2020-01-03 8:09 1 2 2020-02-13 10:35 1 1
2019-12-23 8:39 1 1 2020-01-03 8:10 1 2 2020-02-13 10:36 1 1
2019-12-23 8:40 1 1 2020-01-03 8:11 1 2 2020-02-13 10:37 1 1
2019-12-23 8:41 1 1 2020-01-03 8:12 1 2 2020-02-13 10:38 1 1
2019-12-23 8:42 1 1 2020-01-03 8:13 1 2 2020-02-13 10:39 1 1
2019-12-23 8:43 1 1 2020-01-03 8:14 1 2 2020-02-13 10:40 1 1
2019-12-23 8:44 1 1 2020-01-03 8:15 1 2 2020-02-13 10:41 1 MD
2019-12-23 8:45 1 1 2020-01-03 8:16 2 2020-02-13 10:42 1 1
2019-12-23 8:46 1 1 2020-01-03 8:17 2 2020-02-13 10:43 1 1
2019-12-23 8:47 1 2 2020-01-03 8:18 2 2020-02-13 10:44 1 1
2019-12-23 8:48 1 1 2020-01-03 8:19 2 2020-02-13 10:45 1 MD
2019-12-23 8:49 1 1 2020-01-03 8:20 2 2020-02-13 10:46 1 1
2019-12-23 8:50 1 MD 2020-01-03 8:21 2 2020-02-13 10:47 1 1
2019-12-23 8:51 1 1 2020-01-03 8:22 2 2020-02-13 10:48 1 1
2019-12-23 8:52 1 1 2020-01-03 8:23 2 2020-02-13 10:49 1 1
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Table 5. Continued.

Tier Tier Tier
Date _— Date _— Date _
MOR IVR MOR IVR MOR IVR
2019-12-23 8:53 1 2020-01-03 8:24 2 2020-02-13 10:50 1 1
2019-12-23 8:54 1 2020-01-03 8:25 MD 2020-02-13 10:51 1 1
2019-12-23 8:55 1 2020-01-03 8:26 2 2020-02-13 10:52 1 1
2019-12-23 8:56 1 2020-01-03 8:27 MD 2020-02-13 10:53 1 1
2019-12-23 8:57 1 2020-01-03 8:28 2 2020-02-13 10:54 1 MD
2019-12-23 8:58 1 2020-01-03 8:29 2 2020-02-13 10:55 1 1
2019-12-23 8:59 1 2020-01-03 8:30 2 2020-02-13 10:56 1 1
2019-12-23 9:00 1 2020-01-03 8:31 2 2020-02-13 10:57 1 1
2019-12-23 9:01 1 2020-01-03 8:32 2 2020-02-13 10:58~11:05 1 1
2019-12-23 9:02 1 2020-01-03 8:33 2 2020-02-13 11:06~11:10 1
*MD: Misdetection data
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Fig. 8. The visual range and the tier measured by MOR and
IVR. The IVR marked with a hollow circle is the data that was
detected incorrectly by driving cars.
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Fig. 9. The image analytic results of the inconsistent Tiers between MOR and IVR for the first fog event during the monitoring
period.
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Fig. 10. The image analytic results of the inconsistent Tiers between MOR and IVR for the second fog event during the moni-
toring period.
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