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Visibility Evaluation of Obstacles on Road Surface in Consideration of Vehicle Headlamps and Tunnel
Lighting Based on Total Revealing Power
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ABSTRACT

Under the current lighting standard, a vehicle’s headlamps are not taken into consideration in the visibility evaluation for obstacles on the
surface of a road based on the tunnel lighting.

In this paper, we quantitatively evaluate the visibility for obstacles based on the total power revealing properties, while considering a
vehicle’s headlamps and the tunnel lighting. As a result, in the case of a symmetric lighting system, the visibility of obstacles on the road
based on the headlamps and tunnel lighting decreased at a point in vertical illuminance that was lower for a higher average road surface
luminance. In contrast, a pro-beam lighting system showed that the obstacle visibility scarcely changed even if the headlamps were added,

and that it is the effective in the terms of coordination of tunnel lighting and headlamps.

KEYWORDS : tunnel lighting, lighting system, pro-beam lighting, vehicle headlamps, total revealing power, critical reflection factor

1. #&

kv R OVIRIA, SEERE OERS EOREEY), JefTHIN O FR,
EHRIRE, ERAIY 2 & OFEEERE IR 3 72 0 RiF
BREREARMT 2 L2 HWE LCHREBESN D, HEE 2R
T %72 ORI & L CHBRE S E S h, EK LokkE
VIOEEMCHET 2 0N, ERKmIEE - MRS A - 1Y
EFZ7v7Tchsd,. b 2VEBHIC L 28K EoBEEY OHE
HiclE, vy FREMS LIy FEBH B, 22T, YLy
MAE I, AR E SR L OB WREBTHEZ® 2L TH D,
SOOI RYNCEL TWwa, Wiy MREE, SR
SYEERL VAL VRECHRAS 2 HETH D, KEFOH
WHFRPNE L TWw b, BED b v 2OVIRHO K BRSO
BRI, vy MEERFRAE T 25li5%ETd b, HAEIEHRF]
AT (LUF, BiEAT) itk B Loy FEBEEINTLRY,

b FOVIEIHOEEEEER vy PREMI LTy F M
TREEC P =2V E—) 27— (LF, TRP) % b,
W OhOTIEY I RH 5. L Ly s, Thb ORI IEET
RIToEEsERIhTHRwy, BT oM, EOGETOm
EEHEoE A & b IRERICH EL, 9% b LED 72 £ D
HRICED XM ETZZERTFHIZNDEZEDS, bbb
WA & HTIRAT & ORI OBA L b, BIRATE + v 2OVIRBHD
AR B 1T 2RI 2 17, 228 L 72D iR % 2
IR 2 T 2 N H D LW R D,

Afgcld, EEEERO N R VIEBE NSRS, BiRETREA R
B 2 EHN S OB E TRP ICHES Z i+ 5. 2L
IO TRP 28T 5720 D EWiREER LA 2 RA O KETHE
(LUF, TBRFAREEE)) 28T 2. RICQEED - v 2L THl

[l

LD IR EE DR R - RERRTHRR U7, PR, RIIIE,
ﬁ?%gli‘@%%% R, HHFE 0 b > FOVIRE] & 3B EETRT OB E R I B

352

AT OHAMEZ T, @Y I 2 —vavick b IR
L, by roviRmE L BRI N0 - 7 EABRE I B 2 HE
Mt olB2iT5. S5ic, @EMEEIC XD, NIFRITGA L
7m e — LRI & 2 IR OB A BT Y 5.

2. FURIVERBAE BEIERIRATOELE L RE

2.1 BRITONYRIVIRAEAE

b v 2 OVIRBH O IRBA T =%, SRR T2 & JEFRIRRA =i
SEEN, X SICIERFREII R, BRSNS OEDED 538
WHEICNET 262 b OH Y vy — ¥ — LRI R LSSl
HICADEE b o7 rE— LA Ic I NG, BHEDO 2
JVIRBAIHECIX, BRIADEEE OTECR & BEHIREL 2 & o - R O Bl
M S WFRBIAAADERI E SNnTw b,

RER SR AR L Lz b v 2 VBB O MERERIE L L, P
VRGTEREEE, KRR AE, SBEEMET 7L 7 ROGEEMESHE S
T3, FERREEE I, EHiiE oS 5 Rz B o K
EThh, BEREE, SELERRICIGC CGRES NS, FEEEE
Bk, MESmo—E (UUT, HELT) 2RTHDOTHD,
AR L RS AR H 5. AHFE (U,) 13, i
RS (L) WX 2 /i (L, TRIN, BHEo
BRI OERMC R T 5. BRI AL, AHR O LR
Wik /N SRR (L) 2 RAKESOHEE (L. THRLZ
e, BEOREE L 5 25EEE ORI E T 2 T2 £ 7.
TLT7E, RAHOETRES2ETIHAE L2 H0ERL S
THY, MUEELZ ML T L, SNSRI OERME LT
SHLEMEET 7L 72d 5. FEME, b 2oV RHOR)HR
W&, EHEFICEROMIEEHRT 20D TH S,

INHWEIEED S b, HNEYOEHREICET 201, F
YIRSTIRERE, A AEROCRBERMET v 7 chh, thbx
HEREL U CHMNS ORI TH SN TE. L LAaDDS,
W - b ROVIRBIC X b B SRY0s, ov Ty MEE ks

RAEREE $I98E HEB8AS THI26E



LIy PEHOVLTNOTETHR SN2 20, HNRYOEET
HIAIC BV B ERIETIRE L R, 8 X CEANRY O KGR
W&o TRE B0, TNk TOWBIRIE TN — 2 B 570
Z b OBEIC B T B EBEEA CENICTHIIT 2 2 L3 TE R0 E
VS D B 5 7z

2.2 BEEAIRIIOE®E

S SE R B AR 2 HE Y 1 X, B B O T I L T RAT
(EATE—LRUOTHEVE—L) 2FETLILLIN, ZD
MREE LT, EfTE—210%, RENCHTITI00m DRI & 2 55
LoEEVEERCEIWEEET LI L, ThELE =L,
REICHT/FA0m D FRREIC & 5 508 Lo REY £ iR © & 2 kg%
BT 2T EPBRESINTHLS,

N E TRIIETIC X 2 HEEA~ DB I o w Tk, OAEHD
R L eI oG 5, BT OLLMR D RAHRK
75km/h TH %, Q@EUHLE I E, BB OZ MK LT
HTHET D UARIS FIT 1322 72 IR A B 5, QRTIALT IZ Y
PEELRWE ZIL, ZOHEEREEE Y, R EOMEickD
b 2OV OGERETHR IC B I N TRy, TO &) hEs
M5, brROVEINICR T 2 EEY ORI, vy MEZE
B & U 72 IR O MEREI R 2N e T hIFHEIR T E 5 L ST
X7z,

LHaLaas, OFr2bHNIcB W TE, BffT32TXTOH
I HIIRAT D AT BB BEMNT 6 Tw b 2 L, @FESORIIRLIC
T B EOEMEFAE L WS &, 5 by 3OV & Biiae
DEFFC ST S N REET O, B EREY) ORI 25 b3 C
HHEERD.

2.3 BEMEOREEN

HRDWR L 75 2 B EYIMERD KA, BATE ORI G
OFEF—4Y (Smith, 1938, (LLF, 23 Z2H—7)) HEEAER
CHRAENTER (B1)., 23 2AA—71F, KHL0% U T D
VIR DIFAERER0% 2 D TH D, KEFE20% LT OWEHE
e rRETHNE, AEHEOETICEE Lk 3EEYENL
QEIPHATE L LILkD,. LichoT, bz y MADBTER
& BIRBHD T ORI S L OYEE B TEL L h b, B
FHEAECIZ O LTy % BT IC BRI 0 2 D7 70 £ H3H,
EINTET.

LA LAad s, EEEikcB LTI, REHERE RS FTED
FEERHETH L 06, BEWE GETY) OREFRICET
2B AERmS N (T, NEXCO #—7), B1ICRT &9,
SCHEE209% DUF Ok O R EAEHERIZ0 B RETH b, AT A
=T LR D L, KEEE20% L EOYESHERNIICS & Nn

100 ——

90 |- // e
__ 80 -
® 70 f/ -
i Fd
M 60 ' i
# 50 /
40 o
o
£ = =Fi%5, 2004 (NEXCOh—T) | |
Bk e ——Smith, 1938(R=AH—T)

n I 1 I I 1 I I L 1 L

0 10 20 30 40 50 60 70 80 90 100

513 (%)

1 REFEEX
Fig.l Relationship between reflectance and cumulative existence
probability of obstacles on the road.

J. lllum. Engng. Inst. Jpn. Vol. 98 No. 8A 2014

TV ZEPPELEPIC SN, EEERICB WX, B EYWED
BRI vy PR EET 2 HEENRBR I T0
2"

DT, AT, Bl N 2 LERNRET B0, 20
HERMERHINIC F W 2 B B OWIER D SB35 40 O SR e HE R 1%,
NEXCO 71— 7% w1 5.

3. BEERIRZER U ICRRIEHEER

3.1 bYFRIVERBHDO#BAREEZEE (TRP  Total Revealing Power)
by OVIBBHICE 1T 5 TRP 1, B Lo d MRl “BET %
TREED B 2" WNERYICNT 5, “BA 2" NRPoHsE (%)
2RT. L0, FROHMAICET 2 HEOMEMEE X b bR
VIOMEEAME Y “Sob Ty MY 1B 5 R, DfEE, RO
AR X 0 b MR OMEE G b zy M cBI 2
RP, DIEDFIAS TRP TH 5.

TRP = RP, 4 RP_ -+ooeereerreesesrerrnsnsii e, (1)

TRP (%) 1%, B2I1CRT B0 LOYEADKEE o 0 ZiE
FIEMER %2 R T REMEB F (o) 2 Hv, R2)Thkdon 2.

TRP:F(DS)"‘(lOO_F(,Om)) ....................................... (2)
o NEMEL VY FETCHEE LSS 72D ORA O
(%)

O NEWZEWH VT Yy MHTEHBLESZODRBD K
B3 (%)

Afgciz, BEEKO F FVIEHERRET 270, BED
Wk o REEEISIE, FRSYIC & b EH S h (3% v TR
SO TRP ZEHIL, TR 1 AV HNICET 5 TRP ODFHH 58
M BT 5.

F(D):ZS.GIH(,O)—5.2 ................................................ (3)

3.2 HIRMEZEUEELESRYORR REE

H(2)&k b, TRP X, RARKSEPREINITEIKRE LD,
b v 2OV & BTRET ASELA L 72 4RABIC 813 2 R 0 IR S 5
KR ENIE, ZORNTICE T 2EBMEZTEcE 2. 22T
HEHEONIRIT2EE L2V Ty MITORFHEK p,
Uiyl Ty MATORAKEHE : o 28T 5,

7, b ROVIRIT RO HEE O FTIRAT I3 U 72OBR T H
Bz, B SRV OESHEE L, Z2MOSMCEREE L, &
OHREIEE E, 13, 2hZ2n4), B N6)TET I EMNTE S,

%%ﬁg (cd/mz) ‘L, =Ly + Ly, -eeeeeeemmmmnseneeeeeeseennnns (4)

%{ﬂﬁ%%ﬁﬁ (cd/mz) . Leq — Leqi + Leqv ........................ (5)

BRNRY DOSRTEMIAEE (Ix) © E, = E; T E,,  rooreeeeeeeeeeens 6)
% B,

Ly © P 3OVIRBALTIC X 2 BRTEOHERS (cd/m”)
L, @ HEERTRLIC X 2 BIEEE (cd/md)

REITTEHEE(%)

—5—100
LTy |
DRBERPrs

N

DREBERP:

I
I
I
LI TukR :
I
|
I

0 ps Prs 1%0
[ 5 2 (%)

2 BEREYORFEKREVE-UVINT—
Fig.2 Critical reflection factor and Revealing Power.

353



(= E, /K (K : #EERE")) (cd/m?)

Ly © b FOVIRBITIC & 2 S EHEE (cd/md)

Lo, © EEVERIIRITIC & 2 SAMEHREE (cd/m’)

E; by rVIREAATIC X 2 x5 (M LS &0.1m) DERE
mEE (x)

E, @ HE/HEATRLIC X 2005 (b LS S0.1m) OFRER
M (Ix)

BNFYOREF%2 0 L L, ZDZNMEEIREMmME T2 &,
TR 2 5 RN G O L, 1, NRY O ZICHE NI AS
ZENERFE E, 2 v ¢, A7)cHkshs.

L,=p0 X (Evi + EW)/TE ................................................ (7)

H BRI B 2 B AR R 2 HWEBT % 72 OREEE S
B (A L) 13, O EIEIGHEE (L (cdm®)) (BRI T, FH
BREERS L, (cd/m®) & 3) 12 & 2 MEE2E 5 BIRE (cd/m®) (A L)
T O SR E o OV G FEME I 1 & % 4 R 25 A A B (ed/m”) (4
L) 2268 SN2, (U(8)

AL =0 X (AL AL ) toereeeeeeeermmeeeesermene (8)

CIT, WREBANRYOERE AL(=IL-L) # JL,;, &
%% & EOBIEOMEEL L, i3, FOKMME %%,

L=L,— AL, (727201, L,>L,: LIy FH) cooevvreeeeees (9)
L,=L,* AL, (727201, L, >L,: LDy M) coeeeeeeees 10)

Lo, R7XUQ), 10k b, HOFHLT2EEL >
Vv MATORAHFp, KTy HTORRK
FEp 1%, AR NE RS,

0. =7 X ((Ly+Ly,) — ALp) /(B E,,) crereeerereeremeeee i)

0.=T X ((wa+Lb\v) + A Lmin)/(EviJ’_E\'\') ........................ (12)

%8B, AHETEAO)FTD AL M AL,.,% X3 (1)
F0EHT2Y.

10g AL =0.089 X log (L) *+0.13 X log (L) —0.69 «w++seveeeeeee (13)

log ALminZ = 10g (ch + Lb) ()T T e (14)

Z AL CARMI T E S HAER COFHliD 720, 74 —
WETZ 7275 — (BUF, FF) & LT, FF o= 3PHEEIN T3,
FF L1, WNRYEZHZ LS55 ERRYOBEEOEEIZE
W, B ESRYOFEEE FIHL LA EFIHL Tuir v
HLofEEolTH 2", ERE NV FALTIE, FS5A4 =D
BRI, NRYOTEEEICE D 2 5/ F0 872 5720, FF 2 BE
T2UNENH Y. AT, PR VEBEENRE TSR0,
BEERTSE Y " 2L, FF pa=6 £ T 5. (LA T, R(@)H
Da=2%¢L, MBI B HEEEFHIHOB RS FEEE T2).

4. BEERIRIOIERE

R FENEE GEEGHRS 5 1 RESE 3R, FREHEES0km/M) @
Frrov (ERE 694 m, 2 BRI, EHKIES 7m: BKiE: 7
27 7))V M) wwB W, BRI oA E R EIE L. HE
RREM I, 7V 72 (B :DAA-NHW20, Sl ~ar v (i
Ei)) &L, HESY =%, EITE—LROTHENE—L
E U7, TRESEIGE W, A EEAE X b #5070 TR
BB L, + >3 VRBIE LT L 72 Ragc, Hi o R 7580m 7> 5
120m XNz B W CE AW 7170 5 m [EFE, RT3 = 1.75m [EbE
CACHN R EE 2 OVERL I D MEAT 75 ) D SRR EE. (BUF,  SRTEC I
THEE) A HIE L7z,

4.1 TNEVE—LODNZRME
THE E — LD FRHEOMER R ER 3 IR T . ’3 &b,

354

HEITARES

(PN

] 0.1-02

7
0-01
(m) =

(B84BT iaE )

(%]

80 84 88 92 96 100 104 108 112 116 120
(m)

(a) ACPHIE

LEE-SY

ETHE=

= [(m)

(Is¢)

80 84 88 92 96 100 104 108 112 116 120
(m)

(b) SHIEIRIHAEE

M3 RESH (ThEWE—L)
Fig.3 Distribution of illuminance (low-beam headlamps).

FTHE L — LT & 2KFERERZ, 71/780m Hus kT EE T T
BEERREMR0I XN THh D, SREmEER, 80m ~100m EFT
HGRENO—E 2 mE R x LT E% 5, #/i/100m Hi&T
1Z, KFHEMEEE R OSRETIRE & b iciZiFn s ns. Lichis
T, EEGEfTREE T, TR ORI2ITR L 72N 0 RFUK
BRANDEEEN DI 0Tz, TIENE — LI & B E 72130
s - BREERT T ORI R OB ZIE L A EHfFCE v L
BIND.

4.2 FITE—LON4HE

ETE — L ONEREOHIER R E R 4 1R 3. K4 LA
MR X, 80m AL CRETHERR T 1 Ix FREETdH » 90m LLEIX04
XU FTHo7-, SHEMBE IR, BTEFRCBBERE D IC
80m f3E T15~20 Ix FEEE, 90m AHT CEFTEMMENZFI15 1x, 1B

EITHRER

[Hos12
7 | B o408

E|m) | B 004

(1)

g0 84 88 92 06 100 104 108 112 116 120
(m)
(a) ATHIREL

G O 1520
EITARE B 1015
; |Bs-10

tm) B 05

(150

80 84 88 92 96 100 104 108 112 116 120
(m)

(b) SHTETHHE
M4 BESE (EfTE—L)
Fig4 Distribution of illuminance (high-beam headlamps).

RSP RIE 5988 HF8AS F26%F



N0 Ix BUT, 100m fHZ Tl ERT, BEER & $1210 I
BETHoT:. TOI L HETE—LOYH, I NS,
Moz y MATH ZREEECE L LIS NG, F,
SREMI RS2 EfTHM LB cRE LR 2 L5, P RILE
BH L DREVERFIZ BT 2 B B R O REM & Hili2EfT T 2 5
fREBEERR TR AL LTINS,

DUF O i TR AR B 1 2 SHaRMERE CIGETE — L e
REE2RAWR L ET S,

5. MRBIAARD b Y RIVERBICH T 2RIRTORE

by R OVEERIEEE, —RICE OB B X LR - SGERICIE
UCHEREE 2060 GERAT 5. BRI, EEhEE oy
BOVEBRTEEEE (GERAE) LT, BREZ 1 & LT, ®MIZZ
D12, FERIFVAREICTET 2 (F 2 13 %EHEE A380km/h D +
VAV OEE, BEIZ45ed/m’, HRIICH W T2.25 cd/m’, BRI,
1.125cdm® & 72 %), 22T, ®HEHARD » v 2V EBICO W
T, PR ST 5 b v 2OV IR BRI & AR AT R AR
B D VT EMITT B

5.1 NIFREREAAT b > RILIBBAD R4S

SHRIEB TR D b v 2OVIEIfIC O W, IRIASM % 2 SR
D kv FoV (5, EEKIEE 7m), TR (560 K5),
JTEFGE oAb, BRImERE CIE ¢, (TA7 7L F),
ST B & 5.0m, AT ERIE100m, R HEEE1.125 cd/m” K OF
45cdm’ D & E ONEEE OKFERE, shiEmEeE) 2Re6
KT, (4bedm™ DD A) Z2RT. (R5 D A W & OB IBIE I,
ZNFNATEFOEE 2 BE IR L CHTIc Lz & &, JEBEEEHE
7 1 S OGRS 5 Tl D e e 2 R )

X6 &b, WHEAGRONAREORME LT, KFmiRE
VEAERT T I BAE O B R AHE SRR & 72 b, KT A
WMThRANE RS, —J7, PREERER, TEOET RS Tk
NET Y, ETFROFEROLTED 513 SR TRA L &
BT LNbhD,

5.2 XFREREAA XD TRP

R 7 % OB 8 1c BRI A3 1. 125cd/m®, S O°4.5 ed/m’ D &
EQMIETEIZ SV ND TRP 278 T. A, SRMEEIING6 »
SBAEE N L 0 EE T 5. 7, BUHIMA D & &S £ ©
DOHHEXS0m &£ U, MR, v VR E S N
B COEGBSIEEL 1 125cd/m™ % 4.5edm™ T Z hFhEHT 5.
7@ kUoRE8 (@) &b, v rVIEEIC X % TRP (3,
THIgAT B e A 2 ER» R o s, —7, FX() & b i
TIN5 2 £ T, TRP ZATEEFECTHE (a) & ik L TET

A section
— — —- B section

cd/1000fm

K5 ECOLEhER OFRERERA )
Fig.5h Luminous intensity distribution (Symmetric lighting).

J. lllum. Engng. Inst. Jpn. Vol. 98 No. 8A 2014

BzEAEE

[ 60 -80
L7 | m40-60
o ™ m20-10

(o)

| ; [B20-40
(m) | B0 20

(1)

(m)
(b) SRTEMINE

6 RESM (WTREREAAR)
Fig.6 llluminance of Tunnel lighting (Symmetric lighting).

HEiTHE @
: 3 60-80
40-60
£l 20-40

(%)

]
(m)
(a) b > 3OV EBHHR

Ed 60-80
40-60
B3 20-40

AT

(%)

(b) BTHEKTRLA IR

K7 TRP O#%% (1.125¢cd/m?)
Fig.7 Distribution of TRP (1.125cd/m?).

T2 EDbhrotz. £, FHREEEIEOEA, FRLO
HIEZBH 59 TRP AT EA Sy N Tl —R L 2 2 DIckHf L
S PR T R S 236\ 35, TRP 18 IS HEAR b U oo KT B A T
T, ETTEOFRIETED 52328 R AE (B7 D6
~8m DiE) THEL %3 Lbholz.

R 1K O TRP OEAFFEA R T, HE» L, HE1
Z282 N TRP O F1E (LLF, TRP,.) &, FIELIAMbH 2 C &
WED v RV D A DS A L U ¢85 I 1 EE 2
45cdm™ B3 1 % AN OARTF, RS HIEEFE 231,125 cdim™ 54
WF2URREDM N &b, ATE 1 2,80 NO S0 2 HER R
THITRIAFFCB W THRELSBL BN LD h 5.

xic, WBUIRELMFE—EE L, TIMREEE 20.7~45 cdm’
WWELSE7- L EDTRP,, #K9W/RT. FXEb, XFRIEMA
HRDOEA, b v 2OVIBWE D TRP,, (&, ¥ I I b 1 ik
FLyvZy VEPIEENTH B b b, 72, HilRLTE

355



mEEAzEE @ HED. A HLED
L E
HET AR S z [85-90
= [180-85
I' +7| @75-80
, &|m) m@70-75
] i w
el L N
] il =
0 1 2 3 4 9 ] 7 8 9 10
(m)
(a) b 3L HEBH R
il E 2= @ HE0. A:ED
] 75-80
70-75
(%)

(b) HiIHEATRLARE

K8 TRP ®%% (45cd/ m)
Fig.8 Distribution of TRP (4.5cd/m?).

%1 TRP OEXHEHE (HTRIREAR)
Table 1 Fundamental statistics of TRP (Symmetric lighting).

EHBREEE 1. 125¢cd/m? 4. 5cd/m?
BIEBAT R | G ERLAT A |RIER KT & | HIHR KT B
EH 54.0 51.9 77.1 76.3
EERE 12.8 13.0 3.0 2.0
PER 163. 1 169.0 9.2 3.8
=/ 22.8 24.0 712.3 712.9
=X 75.2 66.9 86.2 79.5
100
80 -|
g 60 —+
4 ——TRP
é 40 7 RPs
a —&—RPrs
20 -
0 A * ‘ —= ‘
0 1 2 3 4 5
)RR E R (cd/m?)
(a) b ¥ FIVIEHO A
100
80 |
g_ 60 -
2 ——TRP
5 40 1 RPs
= == RPrs
20 -
0 -+ .
0 1 2 3 4 5
S BREHERE (cd/m?)

(b) BRI R

X9 FHERmEELE TRP,,. (HTREEEAR)
Fig9 Relationship between road surface luminance and TRP,,.
(Symmetric lighting).

356

£2 AFHFMEE TRP (FFREEEAA )
Table 2 lllumination and TRP (Symmetric lighting).

ALmin RPrs TRP

- \ it | Ev Lb Leq os ors | RPs
THROER | MR 0 |ea/m) | earmt) [Garmy | 00 | 90 | 0 | o0 | o0

=
2

S}

42| 1.11) 0.109] 0.814] 22.0]1000| 68.0 0.0] 68.0
108 1.13] 0.109] 0.821] 9.0| 570| 470| 9.7 56.8
14.7) 111 0.109] 0.814] 7.0 430 41.1| 16.3| 57.5

1. 125¢cd/m?

" [el207] 113] o109[ 0821 5.0] 300] 332] 248] 580
w |2 11701 445[ 0438[ 2.061] 44.0]1000[ 842] 00] 842
w soam | | @433 453 0.438] 2.089] 180 480] 633 138] 770
4+ |2 2681 4450438 2.061] 26.0] 760( 736] 30 766
@

532 | 453 0.438] 2.089 140 390 574 18.6] 76.0

AEHZ, TFHREREMEL 22138, ¥l Ty FEOEEH
BEINL, PRSI0 Scd/m™ AU T Ciis v Ty MMEMHELH &
BB ENbhol,

K7 LU 8 HICR L Hm “ORU@” OMFRER L o5,
ors ZR2IRT. FAELS b v 2 VRO EE, HAD
@ITHART, IRRHEEEAE <, ShEmEEME N C &b
2. RO & v, BEEHEE D2V U 22 R AE TSR E IR
HEE DL, HIBOBAIRICBOT, DFE—EDEEIRDA
DHEEINT 2728, v FOVIRHBERRE O RFKEE (v b
Bips, vy M prs') ERIRABIA RO IRFEE (v
VIy MR ps MLy MR ors ) E, 3FEREFRp S
<ps, prs’ <oprs EA —J, HAE@IZ, HiEOIEEAN
THEIEE D, BEEEE V2D, b v 2OVEEEO o
si3, HEOQDZN LD EVEE Z->T W5, £/, HHAOIX
HAOICHAN, BIRORIAEICB W TS ps, ors DELAVNE WV
72®, TRP @ RPs & RPrs DEGOEH D7 o Tw 3

PLE& b, SNHIEEGROITE T 2/¢ND TRP,, 1%, RilH
ITRGERHC B TH 2T, FHRMEEICKET 2 2 L2b
7o 72, TRP IZSATE I A EE HME I SIS R w i,
T BB EF Ly FMRERD, IREMEICRET B2,
SR IR DS { BRI EE MR DBy, 172 2RI L
Iy MRLB B ERbD o, IO ELL, HNHEBENE
WSEE S0 b v 2OVIRIAD S A RIIRLIC & 2 IRF KGO A
LAsbie 3 2 LM I NG, E7z, PIIRREREE A BRES T
CBWTE, HERRAEEDE WSS & AT IC X 2 R
BIROZAREL R B T LD, BIRITOREIC O LTEET
DERHDEVZD.

6. 7O0E—LRBAARICHT BEIRITOTE

5. ofE» 5, RUEIG RO TRP,, 13, 4RI A3
Rwige, BRI X 2IRAKERDEPIRE W &, £ b
v ROVIRIH B CEREm IR E A S Ol T, BIRATIC & 2R
MADWBEEZF I W EWRBE N, 22T, HEEDME
AN IS 3 2 IR O 2 E 3 2 7 v v — LRI X%
WG HTTE LT BLA RS D B R ORI 24T 5

6.1 7OE—LRBRBEARDZSHE

2 HRMI D b > 2oV (— A2, EEIEE 7 m), KTERDE (7
o bv— L K10), ATERE : meAbE, B RE
CIE G (Z7A7 7V 1), FTHEE50m, FTEMIEI00m 20T
SEHPRIERERS ¢ 1125 cd/m® L D 4.5cd/m’ D & ZF D k> FOVIRBI DG
R GIOPERE, SHEmRE) 2R (45cdm’ D540 A5
) iom . RN &b, KPR O SRE I I & kT AR
FIRMATETEL o TWa, £2ME 1 280 NICE W CHRER
W EE S PR TR RS 12 0 U RO IRIHRRE £ 22> T 0B 2 Db h 5.

6.2 7OE—LRBEAKXD TRP

7'v B — LRI O TRP O 9540 L & LA D TRP OFEAKT
ArEE Zh2hKI2, RIBKURIIETRT. KI2KUKI13& b 7
0t — AT R R b, BRI oA IEIC RS
JTEE T OZLA D7 {, FIMMEmMERE1125/m D & &,

RAEREE $I98E HEB8AS THI26E



A section
. — — — - B section

X10 EXehiR (7O0E—LRBEAR)
Fig.10 Luminous intensity distribution (Pro-beam lighting).
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Fig.11 Distribution of illuminance (Pro-beam lighting).
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Fig.12 Distribution of TRP (Pro-beam lighting, 1.125cd/m?).
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Fig.13 Distribution of TRP (Pro-beam lighting, 45cd/m?).
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Table 3 Fundamental statistics of TRP (Pro-beam lighting).

TR EEE 1. 125¢d/m? 4.5¢cd/m?
BIRRKT %% | BIMRAT A | AR AT #% | BRI H
iy 55.3 55.9 76.3 76.5
BERE 1.3 6.7 1.8 1.7
2E 53.5 44.6 3.2 2.8
&=/ 39.5 41.0 12.4 69. 6
N 64. 8 65. 1 18.8 18.5
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Table 4 lllumination and TRP (Pro-beam lighting).
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Table 5 Lighting conditions.

FOBERE | up | gups |TRES|[NARE| 0RAR | L0

(A cd/m) m) | (m) )
AT (GOW- 5 KET: 90

HBBHAL 0.85 247 AESE 48 Npug gy |TA77IE
4539548 KEE:15

FnE—-LRHAHX 0.97 LNSAE  |RESE 48 W00ovimigy |TRTTHE

(35W)

*=6 HXFAE
Table 6 Measurement conditions of illumination and luminance.
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Table 7 llluminance measurements for lighting system.

WAAR (R AR E (E\:> <cuL/hmf) <c§,7y:/> <de?” fo | o Tf/:‘, R(Z/;s) ?f;
ES O] 11.4] 0.80 0.090/ 0385 11.0| 330 51.7| 225 743
S FRERE
S O] 336 | 0.80 0.090| 0.385 4.00| 11.0| 280| 483 | 76.3
ES @ 926 | 082 0.090] 0.355] 20 40( 11.8| 720 838
JaE—LEH
£ @ 111.2| 0.82 0.090] 0.355 1.0 3.0 00| 787 787

0s, ors & b EH L7 RPs, RPrs JX U TRP 2789, [FFED 5 Hi
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g, MHLASILIC b FOVIRBH B RPs OFE[GAYE L, BT A
M2 2 &, RPs DEEDME T L RPrs OF[GHEL %5 2 &
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RPrs DIEEMNE L, Wby MAMREL 2B EE RoTw
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Fig.18 Tunnel lighting installation for the test
(left: Tunnel lighting, right: Tunnel lighting and Headlamps).

359



100% -

NI

% s PRI
s SHBILTRAS
% =RZ3

2 JLRAB

wIERICRCEASD

0% - T

NN

g

g

R a5
(b) BT RLA

Fig.19 Questionnaire of visibility evaluation (Symmetric lighting).
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Table 8 Average values of the subjective evaluation.
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