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Effect of Agricultural Machine Lighting systems on Drivers Night Visibility
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ABSTRACT

This study aimed to analyze a driver’s night visibility, according to the installation of a lighting
system for driving an agricultural machine during the night time. For the night visibility analysis,
a luminance measurement test on the lighting system and a gaze duration measurement test
through eye movement measurement devices were carried out.

In the luminance measurement test, the increase of luminance was confirmed as relative distance
from an agricultural machine was closer and the conditions of the lighting equivalence are
improved. Also the gaze duration measurement test, total gaze duration from an agricultural
machine increased, as the conditions of the lighting equivalence are improved. In addition, it was
identified that the difference in average gaze duration from an agricultural machine was statistically
significant as the agricultural machine was driven in high speed.

In conclusion, when the lighting system is installed on an agricultural machine, a driver’s night
visibility from the agricultural machine improves, which is expected to be enormously helpful to
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(Table 1) Outline of Experiments Method

Classification Description
Section closed two-lane highway, 480m
Period and Time 3days, 19:00~22:00 p.m
Weather Condition Sunny
Agricultural Machine Cultivator
Lighting systems condition Scenario none, damaged, normal, warning light
Participants 1 adult (aged 30)
Luminance CS-100A
Test Devices
Eye movement TalkEye Lite
Luminance 2 times (Ist & 2nd lanes)
Number of Experiments
Eye movement 9 times (40km/h:3times, 60km/h:6times)

E71A19 SR Aol mE AdEe 4387 flall a) HH-2(None), b) OFIHIARE #<E(Damaged),

¢) A2 okxbEkAE(Normal), d) 73 335(Warnig light) A3 Z$-2 AU S AAsIgon 1) JEAS o
&3 A=SAH 2) ATeT SHVE & FANNSAHOE TRt APE YA

(Fig. 2> Measurement of Eye movement
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Atel AriAZ Ao 100melA A E 1om B2 SHsen] AtAZ 1omoldil A AoiAz
sm, 3meld FHH 0% SRS, EH B APe ARl gl AERe)A o o1 PO Ty
Aadlel me Wee) Az} Pesigon s AU AT & ik WIE AT FAD F AP
s,

<Table 2>01 AU 28 FE(e/m?) ZAATE UERIQIT, DA 2ol 4Bglo] 57174 %e) 4rA
U7t AV ASE AE gl F7hehe Ao Ueton FA% A, FA Avel el A9 57179
FUF Aol AAT A9 IE go] B o Veith wa, SHA ANHA e Aol
s-10mel A SIE grol Ak 2 Ao vehton, daks 9e 2 :ﬂﬂacﬂ 3-smAele] FAAZAA =
A9 A e WAl AAE ALEE TPHEG AE go] B A0 Yehdh o & 2HAY
A A% AEEo] Dol A9 T wAmel B3 HANT ofhE £H A A7l B
oz BoHET BH £ APe AAAAML A S8 AR Ao Al FABANAE SHo
WPsd 2AGSmOIA ) AL Thoke 4 gl Aol itk Ed, B A7 M9 F 10-100m Ao
A A sldolRel Aaglo] whlTo] ARE A9 FEsh WAl BRI A9 ) B
Ao vehgton 53 20m AN T gol 71 B Ao e

(Table 2) Results of Luminance Test (Units © cd/m?)
Same lane Different lane
None Damaged Normal Warning light None Damaged Normal Warning light
3m 1.71 1.64 1.88 754.00 0.01 0.01 0.02 579.00
5m 12.10 4.65 7.82 752.00 0.15 0.29 0.57 375.00
10m 8.49 12.60 16.90 395.00 0.72 4.89 10.00 124.00
20m 335 16.90 32.40 197.00 1.57 16.70 29.00 61.00
30m 123 852 15.10 99.00 0.95 5.05 9.24 37.00
40m 0.62 3.44 7.15 61.00 0.09 0.46 0.71 33.00
50m 0.44 2.02 3.96 38.00 0.23 0.79 1.45 21.30
60m 0.27 1.31 1.94 27.00 0.20 0.17 0.25 17.40
70m 0.19 0.85 1.28 21.00 0.06 0.20 0.38 7.38
80m 0.06 051 0.77 12.60 0.06 0.15 0.24 8.35
90m 0.18 0.44 0.68 9.40 0.09 0.17 0.28 5.65
100m 0.13 0.24 0.35 9.00 0.06 0.06 0.06 7.46

7235 AuEl & 100mAE oA 7.5-9.0cd/m?, 3mAE] A FH 31 579.0~754.0cd/m? 2] F =7t YERL F7]
At TAEFF A% ghol TUske 2R Yehgt ol oRhbAbgs I R AR U
Takety] mlE o AehEn

ol FTTHLE AvRy oRxhkAR, BRSSO SIAAIF FHIE A B A w71AN A
A 3= F2 5~10mA oA deb iz o2 2 M Ajle] FEF AoE Ueth 3 of
TARAZA 2 opAb S AR F9@3E8 49 £ A 3= & S472= 20m=2 Yehd vd

A1 7ol mlsh o 26f~4nf o] Aol A Hol A= o) FHo] et Ao YEWth &3, F3sE
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1A F&gk 49 24 Aol ARGl g2 Ayl HlE)] 2 3= o] TEHUeH AuiFo
2 A1 AZ100m)N A = oFZHHEA
A2 HAE 53 F71A g AldAo

= s71A18 Ao] 7hssl ot F7IA AbaLdn

3. 2EKIS FANZ SN 24

7S] FAIAIZE 2L TalkBye Lite?]7]15 283t TalkEye Lites 3219 ¢H25 477 &2
A b S Aokl USB7HHIZEE AREted A2l8 FHFE ol HA dAste e FACE HojgloH

o

o] FAQ), ZEkl, FAAES A o] o] Foizin

AR FANTEE EAEH] Y8l SRR AlokE FASE FA dEE
AA, ) “EEAEE E2EUS 299 A, wRiwA, tedd 3 A4S 23 2) “rlErE A
Wuje], Abo|E mly, 3) AP =
43 F71AE v gt

AR A1 A,
g Apol7} LAl o)) 3} !
o] AWk F-A1H 9 calibration? F3EA] AdEjel WE ARG S Aol FA o] 2H
A JEE o R 3 A7 e FF JA R @A g = 2}

7] fl&l B 71715 AHER FAAR T Pl e &AAY 1049 EA =1
(Sim et al., 2016;. Do, 2015).

FRLFE L AL of 8omA ol FVAE AXAA FYARY] FAA AF F2 WE FAANTE
At om e FPET WE FAIANTLY 2ol E AR IAL ZF ZF 40km/h A S8 33], 60km/hA
S5 632 F 939 A4S FHFAt

AAYE e d2 AT} I AR FAR 34 (n), FAA T gaze duration)s2] AEE FHEIH o
) & FAAIZK(Total gaze duration) % F=A|H]E(gaze duration ratio)} 2) 3 A A|{H(Average gaze duration)
RO st BAA AEE FRATh A4 T FAANE 1319 A7 F AP} AEes A
1208] 3, FAHES 139 F TR F Ao F FAIARE] AAsHE v&S ovlsiy P
AANZEE A FAAZE] Oig o 3 9 n| gk
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Total Gaze Duration = E Gaze Duration ; o)

i=1

. . Tbtal Gazeduration
Gaze Duration Ratio = Total Travel Time )

1 n
Average Gaze Duration = ; N Gaze Duration 3
=1

1) & FAAZE & FAHIE H|W

g ANAEEH = A B FEAAA S S Ao E Urhd FAAE

AE e F FAAZ T
BN FEsel BAR fo4S AFAAT AL 95 9A S A

e ALY Fol B4k
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yg Qof wpet B4R S e Ay, FAL T Adaglo] v @0km/h : F=0.66, p=0.60, 60km/h : F=1.90,
p=0.16)2} XF U F(40km/h : F=0.74, p=0.56, 60km/h : F=0.24, p=0.87) &=9] & FA|AZFS f9u]3l xjo]=

e Aoz BAEIT

Total gaze duration (s) Total gaze duration (s)

35 35

B None U Damaged B Normal §Warning light B None [ Damaged B Normal T Warning light
30 30
25 25

20

20

15

10

.

= 1 =

View Mirror In Vehicle Agricultural View Mirror In Vehicle Agricultural
Machinery Machinery
(a) 40km/h (b) 60km/h
(Fig. 3> Comparison for Total gaze duration
uhY, Fasse] Juglo] SN YAt FENLFE F FYAT F S2AAMEOmh : F481,

p=0.03, 60km/h : F=7.40, p=0.00)°] thd FAAIZF A, F7]A@0km/h @ F=739.70, p=0.00, 60km/h :
F=228.62, p=0.00)°] T3 FAIAIZHS F7lehe 2o = \%EMD% SAHCEE Fou|g 2lo]7} Q= Ao E
YERT ol& s71All A8 T3] ARl % Al % FAAZLe] F7
Al Hol 2| thdt FAAIZ o] HaskA ® AR Ao

B AL Y3 7119 AgE z=1dstlA 1%340111 Ago=w
FAAZEO] AolatAl UERA At wekA], FPEE
L T3l T FAAIRE] obd FAIAIZEE] HI &S Hl - EA ST

o

(Table 3) Descriptive statistics and t-Test on total gaze durations ratio

. Vehicle Speed . Levene test t-value
Scenario N (kmyh) Avg. Ratio S.D. pvalue (p-value)
3 40 0.74 0.05 N
None 0.56 082
6 60 0.79 0.09 0.44)
3 40 0.79 0.08
Damaged 0.74 075
6 60 0.76 0.07 (0.48)
View 3 0 0. 0.03
4 .71 . 0.37
Normal 0.08 ’
6 60 0.69 0.09 0.72)
3 40 0.60 0.08 0.13
Warning light 0.35
6 60 0.59 0.05 (0.90)
) 3 40 0.07 0.02 0.53
Mirror None 0.14
6 60 0.06 0.04 0.61)
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. Vehicle Speed . Levene test t-value
Scenario N (kmyh) Avg. Ratio S.D. povalue (p-value)
3 40 0.04 0.03 177
Damaged 0.40
6 60 0.10 0.05 0.12)
3 40 0.05 0.03 011
Normal 0.80
6 60 0.05 0.03 0.92)
3 40 0.07 0.01 2030
Warning light 0.08 )
6 60 0.07 0.04 0.77)
3 40 0.14 0.03
None 015 0.97
6 60 0.10 0.07 0.37)
3 40 0.10 0.05
Damaged 0.87 083
In 6 60 0.07 005 0.43)
Vehicle | 3 40 0.10 0.00 00 0.14
Normal X
6 60 0.09 0.06 (0.90)
3 40 0.10 0.06
Warning light 0.36 048
6 60 0.09 0.04 (0.65)
3 40 0.05 0.00 -
None 024 2.05*
6 60 0.05 0.01 0.08)
3 40 0.06 0.00 11.84
Damaged 043
Agricultural 6 60 0.07 001 ©.11)
Machinery 3 40 0.14 0.00 349
Normal 0.02 .
6 60 0.17 0.02 0.02)
3 40 023 0.01 1,99
Warning light 049 «
6 60 0.26 0.02 0.09)

* Level of significance a=0.1, ** Level of significance a=0.05

<Table 3> FHEH 7} 5 AE = & A7 FYPEEE Y 35@0km/h=33], 60km/h=63])2}
7} A 3

A% Ao Yerov] o) 18] AWA F FAAN 5 2 F AL Mg ARz
HE37] wolth, FAYE F =AW} AU, rlddel B FANCE felv Aol vEhtA
agrow 5714 G2 A% FYLE Z7kol mreh SoA) T FAA vl gl EokAr WA 3]
EFUE AR olA A 0olH FAZOE FoIu Aol B Bl A

o= Yt ol FPEE
I EoldSE M7 FYPA FAFEE Q5 kA BE Avhal AGEE Age] AES JiHoR
Qe FAsH7] wEoleta ATETh

N

2) B FAANZ

FYEE| TE FEFAAREE s 3 AtdE WEshe HolEd A Ad, Bt T
1A = tlolH ol t3)A= Mann-Whitney 7788 AAISHATH

_,_
T

!
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(Table 4) Results of statistic test on average gaze durations

. Vehicle Speed Avg. gaze Levene t-value Mann Whitney
Scenario N (km/h) durations(Sec) SD. test (p-value) Test
62 40 141 1.81 0.04
None 0.31 -
58 60 1.43 1.32 (0.96)
R 40 122 1.77 o 155
amage . -
. 76 60 1.81 2.50 0.12)
View 80 40 1.06 1.53
Normal ' . 0.00 _2’94** -
50 60 2.51 327 0.00)
i 70 40 1.00 1.33 -
Waming 0.01 299 -
light 52 60 2.09 236 (0.00)
10 40 0.80 0.56
None - - 0.34
15 60 0.68 0.49
8 40 0.62 0.50
Damaged - - 0.07*
22 60 0.84 0.44
Mirror
11 40 0.59 0.28
Normal - - 0.17
12 60 0.79 0.44
Warning 12 40 0.64 0.25 0.7
light 15 60 0.89 0.79 '
29 40 0.57 0.34
None - - 0.16
23 60 0.78 0.64
21 40 0.56 0.18 _
Damaged 0.01 032 -
In 2 60 059 031 (0.75)
Vehicle 21 40 0.55 0.22
Normal - - 0.21
24 60 0.69 0.55
i 19 40 0.61 0.30
Waring - - 0.46
light 22 60 0.70 0.38
6 40 0.93 0.67 .
None - - 0.07
6 60 1.66 0.16
8 40 0.96 0.66
Damaged - - 0.62
Agricultural 12 60 1.07 0.53
Machinery 17 40 098 0.79
Normal - - 0.01
16 60 191 1.04
i 27 40 1.01 1.04
Wa.mmg i i 000"
light 27 60 1.68 1.01

* Level of significance a=0.1, ** Level of significance a=0.05

WA ALke 2 gugle] Aiao.
sou B2, v, Bo1A) A5 A o)A
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53], 57140 BXE A EEe] A7 FEG AT AHE A AdE e E2dun 5717
o e BEFAAZ fAm@ o7k e AR et @A AR F FYA] thE FAM &

Ao}t L Ao e
Uo7l <Table 4>9] A3l jgohs S 5 Avuw S842 Aueed daglel A7, A%
2 ABes Aoz A Aoz Jehyon o=

Yheo g FASISE7 B vl ek ) Al thg FAISF

1&EReE FHE APF 7108 Ao g A Fr)A AuE] A= iwil SE7E FEs
A2 B2 Q& FAAFAES F7F Zrhets 202 Uehg oy old ©E B FAAZEY pol&
AR Fon|d 2102 YERYTHA0km/h : F=0.15, p=0.99, 60km/h : F=2.06, p=0.17). °l& &3} &
ol we} 571 A W3 FASGFTE B7kske] F1AC E AP Bk SRR FrE F

Z1A el 3t BoFAA S FA Fee ord

B ATlAE ASFBAE 9T M0 Bao Qs Aol AR Al Be Aliel
WelE SapgAel Fme e FAAL 4L B3 Avingi
WA, S Fejol BhE AEE 2YT A3k F2Zo Fuglol Br1Aste] FrhAN A5

A% gol Fhehe 202 Uehton SUF AL, T Akl AS $71A% FLF A2 94
T A9 A% ol B A0 Uitk B8, oKW, AFEFE SR/ Fusel 94 2
ASAE 5+10mAH, oA 0mA YA A= ghol 7Y BhOow, AFFE Aol Fuglel okt
WARS FE GET B A0 etk ol FI1A oRIARS AN A JUHOE o e
AAHE FRF £ Qe2 dvisin, ABSE AAY A5 FUHCE A AN AT A4 5

A ALz Yehy g71A1e] A &

o
ol 2 58
A F FANE ZHE A% FYSE0] ABgle] B

Yok, SEA AdE o mE & g3 o Al
AAE A FETE dEAFE w71AC R T FAAR] SFHA HH FAACEE o7t
Aol & Hole AL® Yeyt B3 &R g Fit FAAZ e B2 diiFer Lo
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