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Appropriate Information Convey Systems to Drivers in Vehicle

-Consideration on Requirements of Head-Up Display-

Kazumoto MORITA", Michiaki SEKINE®, Yuki TSUKADA ™", Takeo OKADA", Yoshinori TOYOFUKU""

Abstract
When drivers look aside from the forward direction to gaze at an in-vehicle display, they
would not notice a dangerous event on the road in front of them. To reduce the risk of
looking aside, head-up display (HUD) can be used, which displays an image on the
windshield. HUDs have advantages of transmitting information quickly to drivers, though
we have to consider some factors of HUDs to reduce the disadvantage of them. For
example, since drivers have to perceive the double images, which are frontal scenery and
display images, they may feel confused to look simultaneously at the two objects during
driving. From another point of view, since it is superimposed on the background when
drivers look at the display, the colors on the HUD, which are set in advance, appear to
change depending on the background colors.
In this paper, we first discuss the appropriate area for HUDs considering troublesomeness
feeling of drivers. Upon these considerations, concerning the vertical direction, we found
that the area under 4 degrees below the horizontal line would be a safer display area to
reduce the drivers' discomfort.
Secondly, to study the influence of the background on the HUD image, we used
CIE1976L*u*v* calculations based on measurement data. We investigated the changes in
color on the HUD that appear against four backgrounds: vehicles of three different colors
and the road surface. We can conclude that because of the effect of background on the
appearance of HUD colors, communicating information of any kind with color alone is
unsuitable for HUDs.
Lastly, we had participants to drive a test vehicle which displayed the HUD image to
them on a proving ground to investigate the actual characteristics of HUDs in use. The
results show the advantage of green color, though the recognition of HUDs is influenced

by the road surface brightness.
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Stop lamp

max. 1.5m
min. 0.35m

X 2-15 HRLZHEEZIVBHEINTZA Ny T T 0T
iy QRS EIA:A

OR

min.
ezz e wza Y | o15m
0.85m

X 2-16 A~ ANy T T T HTNE

Stop lamp

max. 72 inch

min. 15 inch

2-17 KEFMVSSIO8 IC L » THESINEA My

7T T R E

728, KED FMVSSI08 128\ TlE, Ay 7T
HLTHIE LT, MBS 154 F (38.1cm) KL
72 A4 F(182.9em) LT & STV 5 (¥ 2-17),
TRIOEY @ IC>NT, BA, 93— w32
BWTIERA by 77O TFETRIEL, KEICE
WTIHEHFLTHEL TS Z L 2EETDH L, FEE
X, WEIXIEER—DORETH D EEZXDHENT
x5,

23.1.2 WEIZ/e 570y HUD R

HUD (ZX > TR My 7T U IRENDLENH
L0, EEFEICEHALTFHFAOKTH D, /o
T, WANC ZORBET AT 9 X 2-18 (ZJEATH D A
Ny T T LB N T A N OALERERE R,
L (X MRERE (i s O R & S T %0 & O
MO . /IXEm S D KT 4 30 B ONLE
TONEME, H ZHOMEOR E&, hiXefTHEm o
ARy TFTroTOMERETHD,

Lead vehicle Following vehicle
e o+
L

[
%218 SATHFEOA by 7T > T h BB G I
747

AffE & LC, JefTE M & o B (R EEREA
Bl HEEE I L > THI-72l) N2 THIEHA
BEZ D, I, HEE 20km/h LLF OB E OLA I
FERFFE DM & 35 2 T, B 20km/h DL EDOSA %5
x5, HHKREHE 2 FC, KE#E 20km/h O & = O HRHER
BEL X 1.Im & 725, HBFEMATEGND K7 A 30
HONEE CORBHIEmICE > TR0, EHll
Bl k5 &, FHEDLAIZITIN 24m THLHD T,
H ONLE > B Jef T B 4 T O MR (L+)iX 13.5m
L%, h OfEIE, & BIEVZED 035m & 75, £
7o. RIAROEDOEmE (H) Z#HEET12m &7
FUE, A 01L3.6 L 72D, fiE-T, ZOMAELY
t TIZ HUD Z & 4UL, B THEED R by 7T
TN D Z B2 b D, HERERHE 2 —
EETIUE, HENEL 2 5I1E CHEBERTE < 72
HOT, FATHBEO R N v 7' Z o FIIERATTIZST
VMIEIZRZDZ & &b,

AT NA RN T T UTREFEINTODHE
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W ThiVX, 6T, ERATFICHEVEICZENLE
RAHZELRDDOT, ZOHAIZIE, HUD OFERNL
BELVEWEICLTH, ARy 77 7OMGR
PEITE LS 2 B 720,

100 :
E 80 |- ST
@ e m . ® . - -
e G Ll i R R
g 60 L. [0 -onilt.ecs
2 Cie Smag creia
T [ TR AL V-
2 Vb la SRR
3 2 o ‘ _
2 Time headway is 2 s.
0 |
20 30 40 50 60

Velocity (km/h)
X 2-19  EATIHIC ST 2 W & B R e R IS SR

2T, HEFER 2B EVWIHEE LD LITD
WT, FEELOBEOERIER VA2 RTLUTOL
I ThDH, FRAEEZGERE (12 4., FEHFER 27.1 %)
\EER S, i E BT L xoEEEZD L
X OEMBHZ X 2-19 1R T, WTFRE BT A 235008
bERERB LIS TOT—4 Thob, (KT
24 EORIEN DI &6 | #3E 20km/h BLED
EEDT—HIZOWTIIT 21T 9 & 2IE R
809 & 7o o 7o I IXHHFM A 2 B CTh B & &
DIRREZ EARCTRd, HEEFFMA 2B L0 bW
—AZ 1R MR 17.6% ThoT-, Wiz, B
W2 UL Lo BRI E 5 CEITT 255870 80%
PLbE7ey | HEERH 2 L TR LA EDGEAE
AETEHEZEZBND,

7ok, ERLOWADOFHEICHT- > TiE, W20
DEHERE L TWD, TORESNI-EOZ Y
WZOWTHERR T D720l Bl LT, RIA4 DR
DOALEOHL & & BRI DWW TREEE T 9.
HONEDOE SIZOWT, 1.0~1.4m OFiPH, B
FIZOWTIT 1 ~4RELETL, o7 XA —2 %
Afk & A U &35 A OF R R 2 K 2-20 127~ 7,
X C, EEEFH 20 L BB TRENTWV D,
Flo WHA2EZLICADRIZEZ TS, Z0D
FERERDE WANAELD B REWGAEDRH D
HLOO, EEERE 2 L ETHIUE, 1FLAEDY
HBABELD /NSl ERT,

ZITC, EMEMICAHD & AT & o HE R
NEL 72T (BEFFEAE < 20U A s
<7p 0| BFCHM KT A 30 H O & AMET T
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BTN 2D, AP SLS D END Z &I,
HUD #fffA4E X0 b FICE R L THEITHEEO
ANy T UTIEDNEIRNENS ZETH D,
bz & %2EBETHE, mBEHFMICEHL T,
HUD OFFALEIIMAAELY L TOMETHR
X, 2L OBE, ITERO R Ny 77 T BT O
Bz A Z LI nEEZLND,

\ Time headway is2s.

B
Depression angle (deg.)

- ™
Time headway (s) =TT
Height of eye position (m)

X 2-20 FHEFEFREE KT A4 30 HONEE ORRT
R L7 e B

Traffic sign

7 deg.

5m

4 2-21  EHAA~OHRBIZEET 2700
232 EHmoxgy
EHCBET B E LTE, 1555, JERE
RN D, ESHEICEE L COIIERTOERICB VT,
RO TIROM EEIT4.5m & 72> TV 5D, (554
DORKEEHEETIE M EF Sm E TOHPHIZE S
STk D EBZEZ TR, UL, ZOHAITIE,
FTOINAIZONT, FRIZEE o T2 fEIX 720,
—7, JBRREEREE I X, HEICRR S
noaxyrFinAa—=X (FRLR) - 7F— X (93
) DFTIHOHRE S SIL5.0mBEHETH D, Tz,
RIA NP R ERDZEDTEHMRAL LT, H
KRR DHNTND, ZOME D HIEEFRICHET L
TS AITiE, EwmA R AR Thbinens, 2 & T
HD, ZOWEKEITET DT H R & ik IR
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EDOVEL AT FFROBAITIT 7 EPERE L &
nTnsd (K2-21), BHIZEZNIE, RT7A423005
RTEFmcBEALT, 7EXY & EogpHIc HUD 23
FORENTND 22 B IE, B RRARROFRAN AN 72
WwWeEZHNhD,

24 FoRNLEICETOE LD
AREIZBWTIL, HUD OFRECE LT, Eb
LS LT GORBH LIS S EW I BLEND
Bt 21T o7, JEHb L S EICET 2 AR 22 5T A
RERKICLT, ETROEMRBEIZZE LD %
HEICEVRDIZ, o, BITEEHOR Ny 7T
TEORY HFALE E ORBEENSDBEBITo 7,
ZORER, RLEELBECHLIEEFMICELT
i, FHm4ELD L FomEE, 2o, BT E
L0 b Lo ThHNIL, 2L O%E, ©4e ERE
DIRNZ ERHERI STz, ZEAEGAIZE LT, A
M6 BE. £ 7 BE & S EAE D L SO MR R
MOE/OLNTZ DD, SEOMAPUETH 5.
. AEOMERS L LZ HUD OFRNAIL,
EWHMICERRINLHHE, TEERETH- T, @
WHOFRROBEEZBEL TS, LarL, BAFKD
FZHERMFRENDONEE VI D HUD 2B L
TIEHRNNZEZLND EZATHY, ZOHEITIE,
RIROFR S LW BLE S IEHATHIZITVMLEIZ
FRTHIEDHEYTHDHELEZILND,

3. BE%EELBAEDOHUD OEDOEIL

3.1 By

HUD OZFoRIZE L Tk, —KIZY 1 > R —/L R
ZRHLCEREIND D, BIHFDOREE 25 5
WCHESNTWKETRIZ A NE HUD #1562 L&
%, O, HUD O RLT X2 L Tidisso
WEREZTHZ LR, HRELELTUL LA
DL Y TIE7e <, BT BEm O RN 5 L 72
HZEAELEZOND, ZOBREICIE., HEORDE
B 517 T HUD OFEREORZFNEDLD Z &M
THRIND, Flo, TOEROEEITREEEIZ X
STHEHFIND,

Mo T, ARETIE, R L7 DHIROMEE ) E
OB EEHIZEMNTHLEEBELT, BRD
2 X > T HUD ORENFOENED X H I8 b+
DD ONT, BEAZER TH 5 CIE1976 L*u*v*
ERWTHRE LY,

3.2 HUD O faE2 Lo
32,1 A LZHET —#

HUD S THME OB IMICE > TRRINDH Y
BEEET D, TO8AE ., fiFe HUD O3 T
WMOERDEIZ L > TREBLZITHI LD, &
T, EBEO 3 HEOHEMOMEE, RO ER R
ZRA LT, HE Lk, R, F60 3FED
HUD ORX TN ED X DI T D DO EET
Do

SEOXMBHGEIIONWTIE, UTFO3ELE LE,

(1) fiHeaEE

(2) HaHEH]E

(3) R E

FHNENOEKBLEIZOWT, £ 0.8m D& & DAL
B (UEFRER S EZ B Lz, Ellick->ThL
TORND) & Sm OFEEENOEER (M7=
BM-5A) THIlE L7z, BEEEGHIHL B 1.15m OALE
ICRRE L7=DC, MAIZ L TR 3~ 4 DN E % H
ELTWD I Ed, £, BERGEIZES B
MBI BN D RACEBIR CTHIE Lz, B
OREMEDFHE A 3-1 1ZRT,

SHEDOHEBDOENENDOEEIEEZZDEEZDXR
ZERREE, BRI L L QIR TEUTOEREY TH
Sl Tk, REMBEIIRES (M7 28 1IM-3)
EAREICRE L EOREMBTH D,
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X3-1 HEHEmOERE, WO ENE

(1) A x=0.251, y=0.270 (KZHAEE 61,800 Ix,
BB 326 cd/m’)

(2) FIfa B x=0.303, y=0.319 (KZZHREE 63,400 Ix,

HLAKERE 2210 cd/m?)

(3) FREH: x=0.448, y=0.324 (KZZMRE 19,340 Ix,
HAKEE 253 cd/m?)

70k, HUD OB ENKm LD 120D T,

T AT 7 )b NI OV b RIERICHIE L7,
Z OB, A 3.3 EEAFEE LT 20m 15 O EE i % ]
E LTz, MERIFLUTOEEY THholz,

(4) 1B x=0.345, y=0.355 (RZEME 62,000 [x, #%

R 3720 cd/m?)

Z T, RZERREE L R L OBMRIZ, IZIEHR
FEBHRIZH D Z EDRHALNCENTVWDHDOT (3%
DOFHERSIR) . RERE )DL HUE, £OEN D
HABEE (cdm) 2 HEE T2 Z LN ARETH D, 72
bbb,

EPAHEE (v)( cd/m®) = FR %< K 22 FR B (x)(Ix)
DATRLIEGAIS, EREREEICT oL, B
AFEF ORI ONWTORIILL T D & B &l oz,

(1) FH A H: y=0.00528%*x

(2) H{aEE: y=0.03486%x

(3) FRELH: y=0.01308*x

(4) Bt : y=0.0600*x
322 HUD &l mNRET 2856 O E L

AEERA LT bR X o4 (3ED
HIW &) THDH, /o, HUD & L CLLFD@E
JERE A2 b Ok, R, HEO 3IFEARENRA
L LTHELE,

(1) #kf4 HUD : x=0.24, y=0.44

(2) 7Rf4 HUD : x=0.60, y=0.33

(3) & HUD : x=0.17, y=0.18

ZivH O HUD O FEEREEZ FFLo 4 FEHOE &
EEBITBEMIIRT &M 3-2 &£ d, KHIZEHBW
T, 3fEHD HUD OMIlT, A, [, i~
], BRI O LN RS,
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x

X 3-2  fENTICAEH L7-75 5 & HUD o2 e

0.7

green HUD

06 |
05
red vehicle
04 |
03 |

0.2

01

0.0 .
00 01 02 03 04 05 06 07
o

X 3-3 HEEEZEF TR LG OO RE
Flo, WEAZEMTHD wviKIck T 55 60E

MEZK 3-3 ([TRd, Bk @ sThHHrOT, K
D IEEERAEE DD KN EIFIT BT 5 = & DN HF
éhéozzf\mﬁwv—ywﬁ%mm3a&ﬁ
BRThod,

WIZ, s L HUD ENINERGT D 525, 2
IT, BRIZHTZ-oTE, BERAREREOH LIS L L
BIZET D e aER, ERIEID 225 KR22MH
JE & LT 100,000 I, 50,000 Ix, 25,000 Ix. 10,000 Ix
D 4 FEFE A FE L1z, 100,000 Ix [dH ORE KEFD K22
MRS 10,000 Ix (ZEVIREETORERELZIEEL T

March 2009



WD, 7B, BRBENKEFS 72D & HENNIC HUD OBERE
ZRTFSEDZEN@EFEITORLTNDDOT, REHE
FED X BITIRWEFHIZ DWW T, A RNEERS LTz,
RAEDOHAS DRI, FHRIZOWTA4FEEE, HUD (2
B L T 3D 12 fH & 2 D,
INEREIZBE L Tik, BLFoR(1), XU XL FF
Hang Y, 22T RTEO1LIEER. RTEO 213
HUD F/RIZBE L ORLTEY, LITEE, xy (36
FEVEAECdn 5,

X=L3yp 22

B2 V2
Y(=L)=L +L, ..(D
Z:Ll 1_xl_yl +L2 l_xz_yz
M V2

ZOXY &#HIZTL T,

X
X=—
X+Y+Z
(2
Y
"X v-z
MR BNB,

IHIZ, ZORBINEAEEEICEIY, WEA
Z2MIZBE9 % CIE1976 L¥u*v*iZ L Y u', vi& Bz &
nkoH5,

. 4x

U=———"""—

-2x+12y+3
NE)

e 9y
—2x+12y+3

3.2.3 BHEAER

AT, HUD OFE R % 3000 cd/m® & RE LT
SHE L7 R A Rk HUD (X 3-4), 77 HUD (14
3-5), HHUD (¥ 3-6) (22T wv I RT,
EOELE IR LT E IS, VR Ok
RKLTERIND, & 2E K 34 2B TE,
fkf HUD, M & i O AR DERED R S 4,
[FIRFIZ X G & OIRADFER DI HIFRE TN~ —7
Lo TREND, MP oM TREIENIZ~—21C

SRR BB AT G 5 14 %

DONT, x T EAER, AIXE QR , ald/REOHM,
Ol XM DWW T DR ZRT, 7235, ¥ 3-4~[¥ 3-6
WZEBWT, B, Mt e ISR CMR b L 91T
KEINb, £, KMFPOKBRORAO AL, K2
REEDMR T T 2 BEOIRE O B 2 5 OO J5 A % 7=
T, REITREND L HIC, REBEMETT5IC
SN T, REOHFEFIZ HUD ARDO@E|IZIT3<,

065 Mixture of color with
' —»— dark blue vehicle
—a— white vehicle
0.60 —a— red vehicle
’ . —o— road
N
\\I‘r
. green HUD —
road
0.50
// f
o= — L white vehicle
0.45 h .
0.05 0.10 0.15 0.20 0.25
o
X 3-4 fEta HUD OJR A RE 5
Mixture of color with
i —— dark blue vehicle
—a— white vehicle
—a— red vehicle
0.60 —o— road
red HUD
> 055 |
0.50 ]
red vehicle
0.45

025 0.30 0.35 0.40 0.45

u'

[X] 3-5 7Rta, HUD O35S 5
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road
4

e vehigi; f’

0.45 | dark blue vehicle

> 040 J

0.35

0.50

Mixture of color with

—»— dark blue vehicle
—a— white vehicle
—a— red vehicle
—o— road

030 blue HUD

0.05 0.10 0.15 0.20 0.25

u'

3-6  FH{4 HUD DR H G R

uv'EEK EToBENEIL, F6 HUD, 7R HUD
OEEIZITIRE L RFEHUD IZB L CTidd ez &
DERIND, 72720, EEAaIIV A &
2RI LT HEORA T, GEOELE VD
KV EEOEILEBZ TN LIWVWELEZBND,
Z 2T, HUD OF/REPIKAEIZ L VRS Tn
LDHGAEITIE. BT =T 4 VEXOFREND . ERRIZIE
FrRea, AR, HEOMEOFEBLRTREREITR 2 5,
DT, FEBLRIRE/R e KBEEE & LT, fkfa HUD 12
B LT 7000 cd/m® DA (1X3-7) &7 HUD (2
L T 1000 cd/m® DA (X 3-8) Z#4EE LT, FEEIC
WK ERD B, R HUD IZOWTIE, R ETAE
L 3000 cd/m® & 9%, #Efa HUD B L Cid, 551
DL LTIRIERE LTINS, HEEOHEIZ
1< HUD /R OBREE MR =0, BT o024 b
F1LL D, Lizh-> T, HUD OFEREIZE LTI,
R, F L0 bk HUD O 5 N2 E L T RA
I EEZHND,

Mixture of color with
0.65 —»— dark blue vehicle
—a&— white vehicle
—a— red vehicle
0.60 —o— road
. ‘\%T
green HUD 5
road
0.50
/’ /
. x{QA— whitevehicle
0.45 . -

0.05 0.10 0.15 0.20 0.25
u

[¥ 3-7 &kt HUD(7000 cd/m®) 0D iR 3 1B
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0.50 "4

0.45 dark blue vehicle

> 040 |
Mixture of color with
—— dark blue vehicle
035 —a— white vehicle
—a— red vehicle
—o— road
030 blue HUD

0.05 0.10 0.15 0.20 025
u

¥ 3-8 {4 HUD(1000 cd/m”) 0D {8 A 315k 5

—H. 5L HUD LWL EDay b7 A NI
LT, BREHEE DR < 72512250 T, 55 & HUD
ODHLEDay F T A MR ER L, fitQEEOSHE
IZIZTHUD AL TELE O b FE 2 bbb, =
VP T7ARERIITROXTERSIND,

i FHEE + HUDRE

o T A M=
7 g R

il T2 TCOBEEMEITa N F 2Bl
ficdhH s,

HUD FEEE 3000 cd/m®, HUD = > 3o FOFEiRE
80% DG AT, BREDIEE D (ZhITf: o HARE
FEDOE) I2koT, FOXoicar bT A MEMR
BT AO0%EK 3-9 1079, — I3 NI AR
13 UEREE LW E S5, SRIOFHETIE,
DRI STV 5,

—¢— dark blue vehicle
—a&— white vehicle
100 :

2 —a— red vehicle

[ —o— road

g 10 &

=

Q

(&}

1 it

0 20 40 60 80 100 120
%1000
Sky illuminance (Ix)

X 3-9 KZERREEICRE T2 T A MEDOEAL
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33 AT T U LERDGES
FEATHMIZBME LTV AEA, FATHME & OfLE
BAfRIC L > Tl HUD OFRTRNEATHBD A kv 7
T EEETLHGALOVED, ZOHAITIE,
ANy T T IREITT 50 E ST, HUD D R.x
FINMRKRELS BIRDZ EWNTHREND, ARy T T
TEE R E Lc & & OV & RUATRE DR A DORE R
ZX 3-10 IR T, RIFOKBORNOST I, A b
v 7T VEIT RN B RS IR HUD DR A0 Ji 1)
Thb, Zh% 3FD HUD [ZOWTRT, ZOHR
WZhleo>TE, Ay 7 7ICELT, LFOR
M2 RKREOERIEZ#HEH L,

THATHE  x=0.561, y=0.314, L=350 cd/m’

JSITHE x=0.669, y=0.313, L=3000 cd/m’

F 7RG S5 HUD OBEREIZREE LTI, f (7000

cd/m?) | ARt (3000 cd/m®), FHa (1000 cd/m®) & L
77
W stop lamp off
si | green HUD red HUD
' stop lamp|on
0.5
04 |
=
03 }
02 ¢} Mixture of color with
—a— green HUD
0.1 —a— red HUD
—a&— blue HUD
0.0 . . . . . |

00 01 02 03 04 05 06 07
o

X 3-10 A bv 7707 LORARER

REODA Ny TZ 7 ThhDOTHRG HUD (2B
L CITBEDOEICKT BN LN OO, F
@ HUD [CBH L TCIZA My 7T U P RIT O EE %
FTRELGENEN L TREAIESWTRZD Z
LD, FH HUD OBAICIE, JEiTHEmO 2 -
T TRITICEY HFRLIFARZ <DL

Zoad, BIOBENHE 2 UX, H HUD [Z20 T
IEA Ny 7T TR OREZ RE 2T TANE
fELTRZ2BZEERDD, W2, AT TT
FUTIZRDERT K b & X HBND, #7 HUD IZ

SRR BB AT G 5 14 %

DWTIRAEDELR DI N & D, ;z%yfi
/7/'f5kT IZDOWTIEL, @4@){573‘%%%_%) k*ﬁmu
LK BRDFHEEDR® 5,

34 AT LELED
W4yFy~wF%ﬂ%Lf%i#éHm)’%
LClE, BREEBETHILEARETDHED
OB EZ T H L LD, AEIX *%&Eﬂ
#é%ﬁ@HﬂD@@EEM_waxiﬂﬁ%%_
LCEHBEICL W HEE L7z, HUD (2B L Tix, Hkfa,
R, HEo 3T, R L L, MadEm, o
B, AREAFEE, BEO4EE L TERLERD
ﬁ&ébﬁ%%ﬁbko%@#% Fk HUD OB 4
IR, FEREOLEIZHE L TEAENT Lotk
B3 D7z &ﬁxzbznoto Fo, FEATHEmD X k
v T T ORI OB OW L, FH Ao HUD O
REDERNRKELSET LD Enbrotz, Zh
LD ELEBETDH L FEAD HUD B m D%

ZIFICL L RADOBAENOLEE LN EEZ NS,
Z 2T, —ERIZ . HUD @ LT O£ 375 2 0 B2

%k%<xiét&>ﬁéHmD_m%@ﬁ®ﬁ%%
B8 25%0 X 97 HUD FHEREZFDH DTS H
DEWEFH-EL L EIARELYTHILIEEZOND,

3.5 FoRGIZET DA

RO S X & REME L OBHRIZOWT, 13
MIEBIR DR Y S 2 E 2 LT O X D IZii~T,
BrEWRReR T (Abks 139 B2, 3% 36 ) 123 T,
1 A OIERIFICHIE U7z B E ORGSR 2 3-11
(Rt RZZHREELT 14 BRI 40000 Ix 725 17 B
BWTHESR2kETKRTFLEZ, 20K RERED
WHEEZ ST, HEROW LSBT HZ L LD,

X 100000
§ 10000 |
g 1000
5 8T sunset
x 1 I 1 L I
%] 1
o (=] (=] o o o (=]
S 9 © © © © 9
S 8 3 & 8 & 8
=T =T w w2 w w I~
Time
[ 3-11  RZEHREE o Il E 51

TRk 21 4 3 A



HARDO L S OEALZTRNDLT-0IT, B4 5%
IWE LT (X3-12), TDLED7— REkoyr OFEE D
2% 50m OFEEDHRIE Lz, ZOWHEITHTZ-
T, FHOCCDI ATIZE 0 #RE Ui % i
WL TT7— R OEE A2 KD T, RIEDTZHDHA
B E A BOBEMN & FRRFICRE L, Hbd O
IZE D AR OBEEZRE LT, ZOMEERIZLT
LD H D 7 — RSy OB D2 KT,

Llf\.Aeasurihg devices J§

T ——— e WS - =%
— L - =L e RS T ¥

B 3-12 4 5O BAOEE R

DL EORERE (Ix) OFHAxEE x &L, H
RBERE (7 — RE5 O FHIHERE)  (cd/m®) O & %
Bay & LTmEDREFRE 4 BIZONTRT & TR
DX HITloT (¥3-13),

Bl A GA) @ y=0.992x-1.138 (1"=0.999)

Hifi] B (7 LA {4) : y=0.993x-1.065 (1’=0.999)

Hl C () : y=0.971x-0.635 (1’=0.999)

Hil] D (Ffa) : y=0.977x-0.693 (’=0.999)

o--- vehicle A
= 4 ---vyehicle B
2 10000 —
8 o -=--vehicle C
_‘% 1000 | |e---vehicle D
= —
@ -
€ 9 vehiceg,D
o O 10
82
G
£ 1 vehicle A, B
E 0.1

1 10 100 1000 10000

Sky illuminance (Ix)

X 3-13 KZZHRJE & B & O Bf%
(i SRR & v #oR)

R CE LIZmE ORI W TIE, R

BPMBD TELS VLo TWDH T bbb, 22
T, Bl A L HE B, 72 b ONTHE C L HL D (2R
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LTENFIURIER UME L 2o 7= T, KHIZIE2
KOOI Z 7 LD AL, FEFRIZITAHM I
KT BHARD T T TREH I N TND,

T RO ORS S &5 2 TUREREE x,
HAMEZ y L LTUR R0 &b K9 Ic—&kAT
HRLT %, IR0 THDEND Z Lix, Eioxt
BMTCRLIZEEZOXDBEN 1 DT EEFHEL,
ZNHDOEPRIZUTDO L 5 TH 5,

HI A: y=0.0631x (1"=0.992)

H{ B: y=0.0730x (r"=0.985)

Hff C: y=0.161x (1*=0.979)

Hl D: y=0.147x (*=0.973)

2O XIS L2 A T L BRI
EUVMEZ R L, K 3-14 IZAHD L9 ITIZIEHER
RISV SE-TWND EEZ LD, - T, K4
FEM & BRI 2 HEE 3 258 12iE. & DRERNICE
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