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A Development of Automatic Coal Petrographical Analyses for

Evaluating Coking Coals

Synopsis:

Kojiro KoyiMA and Yoshikisa SAKURAI

An automatic system for measuring the distribution of reflectances of coal petrographical constituents has
been developed. Thesystem is consisted of an apparatus for microphotometric reflectances of coal and analy-
tical programs. The apparatus is composed of a microscope, phto—cell, and mechanical scanning stage which
is controlled by a computor, and measure & reflectance at 20 000 to 100 000points in a sample in 30 minutes to

2 horus.

The out—put data from the photo—cell are sent to the computer and transfered to absolute reflectances which
has been previously compared to the standard samples, and then accumlated and stored to a discfile of the
computer. The accumlated data are retrieved at any time as the distribution of reflectances, which can be

shown as a figure of numerical values.

The system possesses an ability to detect Vitrinit only, and thus one can obtain the distribution of reflec-
tances of whole other macerals as well as of Vitrinit,

By the analytical program whic can eliminate the boundary effect of coal grains and binder and can recog-
nize each macerals, coking properties of various types of coal and blend can be estimated.

Now the system can be used practically in the following applications, producting excellent results:
1. Making a blending plan for coke plants by estimating the coke strength of coal blends.

2. Quality inspection of purchased coal.

3. Determination of coal quality from an outcrop or boring core samples in an undeveloped coalfield.
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Fig. 1. The schematic diagram of the automated
reflectance scanning system.
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Center : a microscope with mechanical stage and photo-cell
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left : Operator’s box

behind : Computer

Photo. 1. Photograph of this apparatus.
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Fig. 2. The scanning system on the measuring.
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Photo. 2. The principle of measuring the reflectances
of vitrinit on a microscopic field.
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Fig. 3. The distribution of reflectances.



1664 % & w64

g (1978) ®12%

AT INVORNFRBSHTH L0 L (B) Rix
EbY =y FORORHRFHTHS. HRROE Y
= v b ORKERSAIIRERENC KIRIER A2 7R T 05
(B) HZHWTIEHL WE SRR DT WS,
FRIZEIAF— MESDOIBE LY =y MTEWE

B DM BEFNT WSO THD. TOHSE
SETL ST AL LAETHEHRN, I—7 2tk

BEET L BOBEITIE 2 34 F— FRGO—HE E
rY=o b & LTCEETHDT, DLALDEIERY
=y FERRLEFBREVWEEZTVS. L¥hb 1
4 F— bS5 EWEEIIV=v b, Ya—FERMY =y
by 2322029 MREEHTHHMOKBIKT, WT
N rV=y b4 F—F =y FOPEWEEE LRI
b, kFECd 3 -7 AMEEIWHB LTV D. TDORD

BRSSO IIRE R K BN R T, ANEIBIC I DTHER
FZOFRRE DTS, Flea—2 AMukEEET5 -
26 IR E T Lo TRERENC £ D 1/3 D Wit 1/2
PERY =y MTEALTWSR, ZhbOEREER

BT EEMPSE MY =y PiZiEVE 24 F— MIH
BificE b Y =y MZBEAIRS X SR D TWehos
BERITCHERLTHS.

XS E MY =y NOTPHRHERLRD DHE,
HIERSENR D 5 Tmd2/NE L BT H D P, 13
4F—brHE M) =y b LTFEESZRD S EHES
NTRARSREZAE L BRCIFFEL KD 2D T
5.

4. ARONAOBEERETHHE

WIEEE O 213 R AR 2 BT 5720ty
724 B — T, TOWMTRBESGTHRILNTE DI, N4
U E - AR OEFRIIBIERE Y S AR T
LEEOTHORHRERT LD, TOXSEER
55 ORI ER RS 7215 E 5 2 5 O THRETRIER S
V.

ORI R D %%%%?évnva@ﬁﬂu&®ﬁ
B X e

(1) FRENA & — L OEFRIT 55 O RS
RITHEIERE (2~5pm-dia) NiCBI5HFRHPDOY €5
WVORFRENA v —DEFHETHHTS.

(2) BRZETHESORIE& < 27 VOEHER
AT 5.

(3) HBHRZETHEEERORIIR RELF ORI &2
ERF OERBIC AT S, (RESH & HERE2 —EiC
LTHIIE—E)

DLEDEED SR FRIC R 5 RS2 RKD 5 HE

% Fig. 4 wonT 3i+5. Fig. 4. (1) kT
A.B. BORRKHBROMEPHEL CHFETSHES
DR AT —EREN O R FRIEE ORSES
CHAS 50T, ERYEREEE LHEHE2ME &
i, BERCREIN-REARBLCHE DR
ITNTFTNREUICRHERERD.
WEHEREAST R CERNTFCHIHEPL T
TNA U E— LD ETHES R L SORHRSTZ
ks, Fig. 4. (2) ik W CHIEHBEZ R O/AET
Wz X v gL, HENE LR CHENRZAEED
WSS L5 X 5 et 5 LIakoR (M) O
s, FORNEOFLEMERLRL, Fig. 4. (3) DX
SRR RYT. Ehic D.B.C WS RED
RAEBRO= 2TV 5y 20 LS EIETREREL T
5t Fig. 4. (4) X5+ 0BELICHIILIERE
o, INLOEIBRAET I VIOV TORR
DEBLZF RS MERT LTS ZOX5
L THROEER AR RNARS XL, METHIT
BONTBLRORLEBSTC D DR E 2T TEFIC L
FROFELREL I RERGHANS 2bh5. (Fig.

U e

P

Distributions

-
\\§Q\'<

/7///”//#//[1
RefTectances

(1) The grade of boundary effects according to the each
position of measuring spots between A and B

(2) Dividing the measuring spot (2~5pm dia) into same
area

(3) The distribution of boundary reflectances between A
and B

(4) The distribution of boundary reflectances between A
and B, C, D, mixture. x, ¥, 2z, indicate the content
of each D, B and C, Components respectively

Fig. 4. The elimination-logic of boundary effect.
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Fig. 5. An example of the elimination of boundary
effect. (hatching parts)
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Fig. 6. The converting method of each maceral
groups by computer.
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Table 1. Typical example of a petrographical
analyses by this system.

Sample No. S-KA-1561-77.6

Maceral group

\Y% (R. V) E I (T. T)
67.53 67.37 0.0 32.47  32.63
Ash T. S (T. R)
7.75 0.55 67.37

Vitrinit Type
V, Vs \L Vi Vi Vi, Vis

0.16 0.8 7.79 25.62 17.06 4.28 3.21
Vl4 Vl5 VIG Vl7 VlS Vl!l V20
3.12 160 1.35 0.96 0.53 0.29 0.35
V21 V22 V23 V24 V25 st V27
0.18 0.04 0.04 0 0.04 0.04 0
Mean Reflectance Ro=1.162
CBI=1.475 SI=4.439

(R. V.)=Reactive Vitrinit
(T. 1.)=Total Inert
(T. R.)=Total Reactive
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Table 2. Comparison between manual and this automatic analyses of various kinds of coal.

v E I Ry
Sample name
Manu Auto. | Manu. | Auto. | Manu. | Auto. Peak. Ave.

Itmann. 74.0 69.4 0.1 1.9 25.9 28.8 1.52 1.531
Keystone 79.0 73.8 0 0 21.0 26.2 1.597 1.641
S. P. Pochahontas 86.0 81.3 0.5 3.4 13.5 15.3 1.52 1.492
Peakdown 75.8 73.5 0 0 24.2 26.5 1.40 1.430
Goonyella 69.7 69.5 0 0 30.3 30.5 1.12 1.192

7 64.2 66.7 0 0 35.8 33.3 1.08 1.122
Saraji ) 70.0 70.9 0 0 30.0 29.1 1.38 1.426

4 79.3 76.2 0 0 20.7 23.8 1.50 1.528
Moura 66.0 63.1 2.0 0 32.0 31.9 0.863 | 0.904

7 72.5 76.6 2.7 0 24.8 23.4 0.88 0.898
Wollondilly 53.7 51.2 2.1 0 44.2 48.8 0.96 1.123
Lemington 74.4 77.3 4.7 1.3 20.9 21.4 0.68 0.733
Blackwater 62.2 62.0 0.8 0 37.0 38.0 1.08 1.158
S/B water 60.0 60.5 2.0 0 38.0 39.5 1.01 1.075

7 - : 66.3 69.9 2.9 0 30.8 30.1 0.967 1.039
Liddell 73.5 78.6 6.2 1.3 20.3 20.1 0.75 0.756
Southblei 53.7 55.2 2.1 0 44 .2 44.8 1.256 | 1.402
Newdell 79.3 85.5 3.7 1.3 17.0 13.2 0.70 0.715
Coal cliff 51.6 48.8 0.5 0 47.9 51.2 1.335 1.513
Balmer 59.0 57.6 0 0 41.0 42 .4 1.23 1.398
Fording River 57.8 60.8 0 0 42.2 39.2 1.331 1.426
Pittstone 76.8 | 72.6 3.5 6.8 19.7 20.6 1.15 1.205

4 76.0 80.3 6.2 0 17.8 19.7 1.104 1.116
B. S. Blend 74.5 78.9 7.6 2.5 17.9 18.6 1.00 1.045
Stinnes 77.1 75.7 11.5 13.2 11.4 11.2 0.82 0.855
Drummond 81.4 79.1 5.3 8.0 13.3 12.9 1.00 1.012
Bradford ) 84.2 82.0 0.4 1.7 15.4 16.3 1.125 1.166
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Table 3. The results of maceral analyses and mean
reflectances of different specimens from
a same sample by this system.

) Maceral grou
Sample Specimen P R,
No. v, | B 1o,
| 66.8 | 0.9 [32.2 | 1.067
2 63.0 | 1.8 35.2 | 1.068
iéigiCk“ 3  Bl.1 |0 [38.9 |1.088
4 59.8 |0 40.2 | 1.088
5 64.5 | 0 35.5 | 1.063
=
) 1 59.2 | 0 40.8 | 1.474
- 2 58.5 |0 41.5 | 1.513
2 | K-10 3 59.7 | 0 40.3 | 1.491
2 4 59.5 |0  140.5 | 1.492
;g 5 54.2 |0 45.8 | 1.472
—_
1 77.7 5.3 17.0 | 1.027
2 78.0 | 7.3 |14.7 | 1.025
Kingswood 3 76.6 | 7.6 [15.8 |1.026
4 76.0 | 8.0 |16.0 | 1.021
5 77.6 | 6.2 |16.2 |1.031
1 64.6 | 5.1 (30.3 | 1.057
2 68.2 | 2.4 [29.4 | 1.056
£ 3 61.8 | 7.7 [30.5 | 1.026
” 4 63.2 | 5.5 [31.2 | 1.050
3 5 65.1 | 4.6 [30.3 | 1.040
S | Blended 6 66.1 | 4.2 [29.7 | 1.024
= | coal from 7 63.1 | 5.3 [31.6 | 1.065
S | 20 sorts of 8 64.8 | 6.9 [28.3 | 1.048
° | coal 9 62.2 6.8 [31.1 |1.049
5 10 66.6 | 5.5 [27.9 | 1.045
o]
[=}
= ave 64.6 | 5.4 130.0 | 1.046
¢ 1.934( 1.439) 1.157, 0.012
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CGEMLE b Y=o N XD SV B BV HED &
%.) RRDLND.

LU N & D& ci{b S 7a3tphic o v
BIELZZE MY = v b ORSRGAICIEEL L a3 5
Dfz.

ZDRRALIC XD CRINRGMITEL D7 T VR R A
TH LM, REBRHOARICE N THRERL »AFE
TERVISTBIGEC, ¥ VRN GEREKE S h
e X SRRV h, RBIL CREE(L) Roa—»
AR HETE L ERTL D 5.

Uis LIRA DR 5 B RIS bl BBt L Tw
T, TOREF I -7 2{bikic KRELSEETHDT, fib
DFHE (72 & 2 XM &) 2 #Bhmic R+ %
DREYBTHD LEZTNWS.

7-3 BIRAREMBEER

A=Y 7a73 P RBRO X 51T K 30%
BLbd 5 X5 75 e TR L8k 90 Kb O S8 §mns
BAL TWTHBEREEEIC 5 5100 T HFEBED
RELID. ZOXS5BY P TlIkE 1.6~1.9 ©
B CTERWMS & REL THIEEE2/ES.

F IR & TSI oMb OFERERL & RIRRIT VR K
LEX5&ELT 60~100 % v . DI BOBF: L7 306
TREREP I B IR 20T & & HENRERC R R
DEEPRE LI, FEAE SO HA L TlllEs
ERKRELIRS.

74 FEDBEZE

By 2T bR BAERER U7fER, 7o Lo ic @i
& TH DA RSS2 ER T 5720 ERHTH S
EELCTWED, @ET5LBbRBEAIEE KL T &8
»5.

7-4-1 JEm O FEM:

BISE R OBWIA TN X 554 X VIEERIC S WS ERT
FBIXTe L A/NE V. D72y 7Y 7, SR,
MECRANCX 256U EIEERPLBETH 5.

B OEAVE 10mm X 10mm DFEFA%E 2 7 Sl E 34
BHaThsss, 4o ek 2>TiE 15mm xl5mm 2
57i~10 T HIZET D LEDH HHEBH 5.

742 XH=hVAF—0 L EE

ARN=HNWAT - DRI ICEBCEEI TV,
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Table 4. Differences between Ry-max and Ry-
random according to anisotopic effect
of vitrinit.

Sample | Ry-max | Ry-random | A Remarks
1 1.441 1.412 | 0.029
2 1.051 1.050 | 0.001
3 0.985 0.970 | 0.015| I. C. C. P.
4 0.904 0.895 | 0.009| Report
5 1.179 1.185 | 0.006| (1972)
6 1.459 1.427 | 0.032
7 1.140 1.127 | 0.013
8 2.212 2.032 | 0.180
9 0.69 0.66 0.03
10 0.73 0.70 0.03
11 0.85 0.85 0
12 1.07 1.02 0.05 | OWB .
13 1.06 1.03 0.03 | measunng
14 1.08 1.04 0.04
15 1.34 1.26 0.08
16 1.68 1.66 0.02
17 1.67 1.65 0.02

EH A REETIE 20mm x 20mm DT +£lpm O ETF
ETHHTE S, BIEBREOREBE LR X2 TIiliE
Rz LI LIy P2 LETRERDIRNZ E085H
5. €L hObTrEThIC X2 TRHNEIILEDRE
BEENIZ TV, FNTLERELRD. FloAT —
DIIREAEDIDIC Y T v FERELY Ty FAA v FHD
VWTWBEDT, EHBKREVWERI—REZZERL TS T
EWRBHD. T OIDHRBEBEHIT ERTFIIRE 2T RiE
B,

7-4.3 RGMORE

BRI E SN E THHeDICE MY =y D
R E IR AR 4R Re-max ZHIETH 2 &2 Tw
LS, WY AT L TEHEBEDOHNONFNE R-Random
Ll TEwvw. BHEOBRERRKRILEDO LR L &
LIHERTHOCHIETSZ L DARETIED 503, B
OFEF R OFF T Table 4 WRTESTHEIKRE
QRWDT, FOEFFFALTHIRSLS THB. 727
LB RBIEZ L EET 5 X5 hEEE (TR
BHERSI A —2 -t L X5 2T X545 E) AT
I ohiEebinv. EFRRHFHRBSMHECOENFTTOS
PO THIE I NS & LKA L TRPRER SR,
O — o AREFHE O DIIER EXRER V.

8. HBRIEZADFA

BT, AR (SXOREY) HBIRS FHE
CIELFFA IS < OFZEL 30 L FRi» HHE S
Tnwhb. 7oEzix

(1) REMEHRAE (v&I7Vv05f LA RILEDZE

)

(2) BECIFAMEE (REMOEEREDOTHE)

(3) FAROHF AL, Hll, MREEHEDN

(4) FHREEET BT T
R ECFBENTWERTENREL T -7 2T
EiIzBWTEDHKREW.

HlsgF &9 o PVEBD WA, RO
I SEETEA N TEE L CAMe A2, (XL
B L EESEE L CET AR ) 3 -2
2THCRAREECARAL XS LT 558 BBEE
DRIEFCHERTHS.

8.1 AHOREE®R

AFIROBBMNREE L TVwHEAIE—#c 2V T
3~6 4 Hic 1 EEREE ORI TT 2%, % < D SARIX
BEOGIROBESIR TH B0, R LT LIFE
BT MBS . SFITHE A BG5S TS HT AR THRD
BRTWHDT, LESEBF—-THE2THF—D3
— 2 2t TH B LIRS VWDT, vy Frika—
7 2{bitBAE R0 B kb RhEiR by, FED
LEOHKRIZOWTIEAM S LiTE L L 72— 2 kik
PRI 2728, 01— ATHEEHOBE L 2EED
H5.

F 72 B AR D BIGKFT CL3E SR IR OB S WEIS I
Y — FOWEREBT5 Tl WD SREIEES D0 L
<, FODELRELZ AL CRAEEEZTHI &3
BB, TOBPEEDEHSTRILTHL »IEETD
5. ORI BB cHEROTHHERIE S LE
L s,

82 HHRBAROREHE

T EED T W R AR A R 5Ba i, 16k
WH OTESN, TTESV, MBI % 70X BoRERA
By, HEEX, FoRRRBRFCX HRAHRRESL < DOHN
LA VE L Licth, EERREZ L TCrLERINT
W5, T 5 BURHRAE R0 B HREH TS 1
IR THHCAS I ED, B4 £ 5 50 F
TOX S WIEERESL DWT AL < HHE WS BT
VE, &ChikETiEficAbiny. ZOMHEY L8R
GRFRD A2 v b IREAEC X VBT E L CHRE
FFBz EBTER.

8-3 I— U RFEAREHE

LA BWERASEIC X D EAREZERL T, 5t
FEREVIESINTVERES PEF Ly 7T 5FERIPE
w7y, F—EReEETH2Th, B O (HEAR)
BERABETENIE D NT VA4 TWT, £ a— o X58E
KEELTVWS XS CBbhdD. ORI ARY —
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R CORIT, 14 K2 — % —DOE KFHEDL&DT)
M A Y E LD D LB E, BARY EERS
W LCEHER S EOERZBFICHELTCT 7Y 2 VI
OO 22 2R TELDT, -7 AWEORECH
0L D EBbN 5.

8-4 I— 7 RMROBIEHTE

AR D 32— 7 AORHEE L HEE T % Hkico
WTIEES < DHEEH D308, - FHHL X5
LT A5G RIS T OBESRToho L b, B3
EROEZENRD LH72D, PRELT L LR TN XEEEN
BohTWiRrDl. L LEY X7 ac X 2EIEER
PUHDOa - 2FCLC (K3 -7 ATHE T EOE3
FESEENTVS) BALERCXSE, +5EM
L 2 515 (ADI’=0.25) THETE S L%
WL 729,

F ISR DA TR, I -7 XDH ALK
TRREE L, BEMESIC O VT L ARG EEGRO S S
CEBREXRTWEDTO -9, £ OFEHOHEILE
TETHEDSNLDDEERDLNEY. TODITHEL
LOY v FERRIEER QBT S 2 &N
5THHS.

8.5 ZOfth

T U 7o Bl & R+ _RCF 1« 22 7 7
4 NVEINTVWEDT, EBOHMAROGIFEREZ VD TH
KBHCHEHELXS5CED2TWS. LEBD2T, mkx
H 58RO EITh . 5 WEEE 2 W~ TSRO FH|
2L, BRENSOLBEOERFARCHKILOTHAS
5. ERBEBEERAREO LP 5HEICEWTH, fhoiFik
CHATTEN TS ENTESLELNS.

Fig. 813 LV (IK{EFS) @Kk R OREWHIF L X
NTWwa Itmann ROPF 50 44 BIz AR LAHR &
12 QRIC A L7z ARO ARGk L TRLTW
5. MEOM T RS T 1% o2 TET, i
BBk T — 7 23T L A 12 AARKOLBE VDI,
Al U 7BRIC EEDE TIlE 6% FLOfLE T LE2 —
b ZBREINME SN DIT 50 £OHEE D BH1x 8~109, f
H LT NWERI—BERE SN0z,

Z DERD AT RV BN R S » S L 2 X 5 R
® 1.2~1.3 © M. V @335 30% &S hTwsz &
PDERD BT,

9. & B

FEfn 47 F£LEH 3 r £ X b BIRMERS
FroEELITRIIL, ROKERELNT.
9-1 RAFEFEEDA.L

ITMANN

Distribution
2 N

.........

0.2 0.5 68 g0 12 14 16' 18° Zo' 22 ' 25 @ ' " 30
Ro Reflectances

Fig. 8. A difference of the distribution of the
reflectances relied on shipping of the same
brand coal.

AN X BH1%E Clx—kHe > S ERS (w15
W) OEEE 00 HLLEERS Ay I X D)
EL, €Y=y hOREERIZI00 H50 B2 EA THE
THZERBEDTHWBED, ARDX S CARGEISWED
BEWOEECIIE S ORDBR R 7o d-H4a e 1
XFEE2YEHE Y.  Table 5 X[ —ERE CF—HIEE M
HIE U7 a0k L ffFaREeT, J LS REKin>
TWELD), Z OFRE&FEN D 2~3 {Ho[R—3 R ofllE
HBRE2EH LR THEER EZER RN EE2 BN
D, FO%IEEEAEREAZ V. ZRICH L HE)
HIE DA ORR LEREZITIEF /b &, KRBz &
AETEORIZET +5THD. (B PVEEIPI L
BE)

9.2 RiEMY

R IT R TEWEICRIHL X5 &3 585613l
EOREMENST RIS,

ASTM® THRD SN TWABEY ICElET S L 1 5 18]

Table 5. Allowance error in petrographical
analyses by the same operator using
the same equipment (Presentated by

JIS).
Allowance 9%,
Maceral groups

n=2 n=3

\'% 5.60 6.70

E 5.40 6.40

I 4.90 5.80
Reflectance R, max 0.042 0.05

n =number of specimens
V : Vitrinit group

E : Exinit group

I : Inertinit group
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Table 6. The result of petrographical analyses
by the joint exercise of I. C. C. P.

Sample V% | E9% | 19, | M. M 9, | R, max
X 172.6 | 13.4 | 11.2 2.8 0.904
A Al17.214.2]10.0 0.08
s | 4.8 3.7 2.4
X | 67.6 | 6.6 22.7 3.1 1.179
B A 18,6 7.7]18.6
g | 6.1] 2.3] 5.5 0.10
X | 76.9) 2.8 17.7 2.6 1.459
C A|11.8] 7.0 15.7 0.16
s | 50 1.6 3.8
X |73.3] 7.0 16.5 3.2 1.140
M A | 1551 11.111.5 0.18
s | 4.4 2.5 3.2

X : average values
A : Maximum ranges
o : Standard deviations
I. C. C. P.: International Congress of Coal Petrography
which participated 32 Lad. in the world

BoRIEReD L THE. b LY ik, HE, &
ROFE, ®E2 I ANCE/T S & 34uE LERM(S |#)
2EAEETHS.

T THERABRBHRERRBR LI L, BELTWDHRD
BHeE T Ed, BROEGEFTOL 5L MELH
T, LardAMI L CEHPIAE VWHRIIT—EDE
BTERICAS BE CRHEZHTC LRETHS.
9.3 FIMREDREY

W —RURb R 8 LTtk SR 32 SRR OpEERTCllE L 72
HFEE2E 2D70p Table 6 ThHBY.

ZOXHCFHHERREORE VDL, (1)¥ T VOHE
ks, ()R LEEDER LSS, (Hi)AlE
HOMBNREDER P HDAKEW

RECEWTdHoF =0 b4 F— bRSESET
LR CETREE ORI 555, LA T DiRE
N EEZONEDT, FERERKIRBCHSTS D
DEFEZLND.

9-4 FFEREOUE

A D3E) & U TR A R UEZE @Y Cinv. B
AR ORI D /N VIR E T — N CHH BAMEES
R o LMiEE R LA v & &, IRICHER
PEPIXRLZECXVIROBEENRETLZE3HD X
5Th5b.

R IT 2 TG 5 2o ik HElE R
ORFRBLETH S T L1, BAREAN OB T b2
ECHBEINERIAA DR TE R, ERCELE
BYAFACLIDIEEHITHAS.

Appendex 1

<715 —7 (Maceral Group)

BIRWHMBER 22 <2 F L LSRN, T OHTH

BOBEUPLTWAMBE 7L — 7RI LT 5.

V:Ery=y b (Vitrinit)

E:=*Y=y } (Exinit)

I:49—5=y 1 (Inertinit)

M. M : gi#p'8d (Mineral Matter)

Appendex 2

EtrY=ytORHROER

ErY =y MTHELEWRFEP L DD, —EFN
DimeE BT AL, KHXEE HET 2EHA%
180° [z X w - KT R A L 75 B D R4t b & % Ry-max
WS, i LBEEEEZRN L CEED T RO R
¥ &% Ry-Random t\wvwoTuwnb.

R, : JiiE 412 (Reflectance in oil)

Ry : i3 PR 412 (Mean Reflectance in oil)

Roy-max : M EHEAEHE (Mean Maximum
Reflectance in oil)
Re-Random : MFEHE 5 v £ A K5k (Mean
Random Reflectance in oil)
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