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BEE—1 =1r7A27 i35 KMC-II
Photo 1. KMC-II multispectral camera.

F—1 7418k 74 050K EbLY
Table 1. Film-filter combination

# # 5 No. W74 2 a 74 R i Bk (nm)
Camera No. Film Filter Spectral band
1 Kodak Tri-X 2403 Wratten No. 47 B B band (400~500)
2 Kodak Tri-X 2403 Wratten No. 58 G band (500~ 600)
3 Kodak Tri-X 2403 Wratten No. 25 R band (600~ 700)
4 Kodak Infrared 2424 Wratten No. 89 B IR band (700~ 900)

F o 774 ANEFET 4 L 2 OSHREEWMED & H-112, 7 405 — 05 E R iR
¥ E-2RELTEL,

B R L OBEA BT A ), AL OEE % 500 m (# K 1:5,000),
1,000 m (1:10,000), 2,000 m (1:20,000) @ 3 B2 2 CTHREY Lic, [ LG ERBUL, &
W 500 m TiE 9 K, 1,000 m TIL 7 #L, 2,000m Tik 6 TH B,

BEEFIIESELE Liead, SRt 4 Tl X5, fiEEFmyiid H58A0,
WO E L THOCHE LB & BIF e Kl E 2 b icd, HRETRETHLIY,

LA A YR T~ AR A D 4 PR R 1 D KPS Bt o B bR e LA
WELTWA, FRE ZIE, IEFZ S0 K B I BRI T 5 O TR O ME 225
AR BT B D EE 2 BB, EEICIIASHILE Th 5 HELHEA OB
BERTFHETHRTRERDIONERTH Y, TEROHNKERILEC I SHEL - BIRDOREDIKR
Eleh, LiisT, “AFARY P AEHOBRFILI0K~12 KERICT I DREE L&
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Fig. 1. Spectral sensitivity curves for aerial films.
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Fig. 2. Spectral transmission curves of filters for multispectral camera.

2 BE L&
Table 2. Photographing data

BERAMESE Aircraft Cessna 206

# # H Date July 18, 1974 July 12, 1974 July 12, 1974
B Time of day 11:20~11:21 10:23~10:24 10:37~10:38
B @B Flight height above ground 500 m 1,000 m 2,000 m
W& R  Photo scale 1:5,000 1:10,000 1:20,000

# # % Camera KOKUSAI Multispectral camera Type-II

v v X Lens Zeiss planer (Focal length=100 mm)

BEEH+ 14X Frame size 55 mm X 55 mm

Yy vy & —EE Shutter speed 1/500 sec.

b2 d b  F-number B band F=4~56

G band F=4~56
R band F=56~8
IR band F=11
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. RBMO~ AL F AR PABEPEE LI EOLEFTLE2DEEITHS,
BTN - C, HBH21CREND X5 el EEERMRAFE IR, Zhiid, K

BO3BRED IV —Ar—nbilo,Tkh, ThbosXRaHhRE K-8 1RT, ol

AR 7 « v 2 OB BAEAYHECEET LI, 77 —GEEANTHIVDREEEL

BE—2 b BRI
Photo 2. Gray scale panels.
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BRI—3 st - BOSHRR o 73 J6 B 4 il

Fig. 3. Spectral reflectance curves of gray scale panels.

BE-3 /v—Ar—axBXxdhBaRBE2 74 4 204
Photo 3. Example of black-and-white positive films with gray scale.
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THEDCBRBLELDTHD, LENRSTEAr —LDRESL, 74402 ETIORORK
e ErMETEAREZ LA L5 36x36m & L,

CAFARTMAAA TR E > TRESNIEHRERF 7 4 L ARABRRS 7 4 L LITEHR
FTHEE, HEETHARD 7 4 Ak THALE LT, GTH-3 X5 CEEREIER (71—
Ar— L) PEEHT BRI, ChICX - THBUEEAER TELRT- EL, MERRE
DRI R TedTH D,

BWreH B BT, WEMOBEEE, FTOROBGAMEENE, 2hIkE T4l
B Rt LR Th D, ZORDIRA LA b RKSRE R S Ol GERRR
AEECEE IR TN 584, LTRLEGREEZL LRV, LA LIOHECHY
few A F AR b AGEEIT XD TE GBI ES L URESh TR Y, £OROBN KK

B band G band

R band IR band

BE—4 ~AFA27 L AVFEAOE HEEE 1,000 m, # R 1:10,000)

Photo 4. Example of multispectral photograph obtained at flight
altitude of 1,000 meters (scale of 1:10,000).
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THIORKEELTVA,

2ok, RBRHNOMPEIAFERECRETHECSWLW TR L, Zokboks
ELTHREMRL:10000D0G Y F7 4 v A2KEZFEALEL, GV FRRALDOR, BE
ERTRBRRFAR TR Z TRRORHBEE LTV ALSLTHS, —HD7 4 4 ARILH
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BHDTRIHEEL LB THD, F F=Y ATHE, HEK LT E ©FoE
1€, RAE TFHER 20°, BEEAE CESERM 14° O 3R EES L, FHWE LK 20EK0D
BARERAN, 7 7=y ATHiE, RHETH CEHEM 209, RAEPHEE 18°), HEeHE
£# 20°), EHE 24°) 04HECES L, £20EX0EAKRYEAL, ThboERKD
WT7 4 VA LOBEROBERMEL BWELR02mm), M NEGBREDSEINELT-
oo P F=YERDOWTIE, B & BARBIEROLEN 23101, 75 <2 DOWNTIIEEH
04951 &7sh, LLLIMRKREY CHEEVRRDORA o, LidoT, YRBHAT
i, WHEABREBRRELER 7y rOEERECRETHEBCIEREOENR LWL DE LT
Fd55T M1,

VY AREDHLBREENTROBBENHF L, FICARDC Ll TERNMETT
B, TORD7 4 VADBERMEBER X » TEGOBRENE(TAEIND Y, BEHEEOHE
CECTRZDORZERTLZEALBETHB, £OD, BAU2ZERERDO  F~Yy—FAT
HRAEEE2AEY HDAHER1:5000 DG v F7 4 A 2%BOCTRHNZT -7,

BEE 7 1 & 2 OFLALEER 10 mm ORI, 10~15mm O&E, 15~20 mm O,
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Table 3. Test of the difference of average photographic
density by radial distance

EET L ~
radial distance 0~10 10~15 15~20 20~25 25~
{(mm)
0~10 —
10~15 0.0075 —
15~20 0.0220 0.0145 —
20~25 ‘ 0.0195 0.0120 0.0025 —
25~ 0.0355% © 0:0280% 0.0135 0.0160 —
* 5% k¥TAHHE Significant at 5% level
B4 HERERKEHR
Table 4. Number of sample trees
# & Tree species " (Symbol) A Number‘
FA4Y1tve Picea abies P 30
= ¥V = v Picea jezoensis (Pj) 30
[ Abies sachalinensis (As) 30
# % <= v Larixz leptolepis : (L) 21
IR F 3 Quercus mongolica var. grosseserrata Q) 30
V] A Betula platyphylla var. japonica & Betula ermanii (B) 30
1 2 ¥ Acer mono & Acer mayrii (A) 30
v F X = Frazinus mandshurica var. japonica (F) 26
~ o= v Ulmus davidiana var. japonica (U) 30
& B Total 257
o H forest-road (R) 30
+ + Sasa senanensis & Sasa kurilensis (S) 20
THh=S =Y Picea glehnii (Pg) 21
5 HERIerr I H
Table 5. Number of sample plots
BB Tree species group (Symbol) 7 e v  # Number
FA4Y L7 ek - Picea abies forest (PF) 15
FF o= K Abies sachalinensis forest (AF) 15
h 7 o= v WK Larix leptolepis forest (LF) 15
v3hv AR Betula platypylla var. japonica forest (BF) 10
g S Broad leaved forest (BL) 30
- 2 Sasa ) : (89) 15
& 5 Total 100
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HEELAFIBRTR), BECL - TCEORERERDI S I ENRHE IR TV D0 &
POV TREILRFELVWAIREINRT WS, 2,000 K EDOBY O E R OWT 5 HEHRK
BRE LB LT - R, Bl O ERHBCEEDEEEXDODAZ R4 b
hic®, : ‘ : ‘ L
B LRSI 1 L OB E RS X 5 RERENRIOTH S, LT AHMVMEFEHR
BUTUE, KR L5 REEOMES, B LTEROENEMOCELD I LI LT
BT R L ORIEH B ITHES D ORI RER Lid g b ey, Ll oM
DORBE W TRLAEELESWTIRETREAEBEN T INRTELT, $EB0BBEL 2
b, T CEHIL, MEFHZBETHI R EETCRTh, B X TORRiEER
ERALRBNE Db, FThobb, TAFAXI P ATEC L > THIBEBAT 5 THER S
BOME 5 kR L, | |

BPEE 1,000m BEHER 1:10000) o<1 522 V VEERFER L, 9fiEOWT
FRENRKOERYE & > TEOEBROWELIE Uiz, £ U THIER, B EEHRE ClRER
EEERRORD0 L 5 e RET B D TRBOIRIN LT -1, LORBERLED
NE-9TH b, BERIC T, EEEEMC SV CTLEREOIS- CEEXDBH BT EN
BDHBh5B, ThIXEEE MCOREE ThZThITBTESZ L2 BRTH0TIRIRL, B

®6 S WO N E

Table 6. Analysis of variance -

HHA Factbr SS - d.f. ‘ v , F

B o M 5.5855 8 0.6981 : 95.2061%**

BWERBIRM (S) 2.3868 3 0.7956 . 108.4897+x*
TxS . 42037 .24 0.1751 23,884 1%k

% 2% Error 7.6562 1044 0.0073

4 f& Total 19.8323 1079

T: Between tree species S: Between spectral bénd
k. 01% K#ECHE Significant at 0.1% level
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B ENCEROEB S BBMCEEFBRMCEETS 2R TRTE ., L, 4
REJZIMBIANFARZ PABHC I DBEBRNOWERL > 2B MBZ ENTES,
3. BERXNRFECXHIMEOHANSHERMN CHRAOZTHEREBOEBLEDE
1) MEEES0m (R 1:5,000)

Favbwe®), =v=y P), +Fe2(As) 7= (L), 3 X+5(Q), # v (B),
4%2% (A), vyF£e F), ~r=v U 0Bl s ALK 257 Ric X - C, ERHFRT
DEHMELYHRULY, BHEYANERE UCHABELHER L, TOBE, 4 00WRH
B> bEATAERFREAGLEELVAVAEL TR 2T - T 5,

‘B,G, R IR AV IDEEBELTNTHWE BXGXRXIRDL5kEDLT) B4, X
20 (18) RICR LICHIBEOREERDH L R-TO LT, LT, ¥R
A RERD, EDIBLORADL DY RO, TOERLBEERARNBLTWS LHE
Ehirz ke,

£&—7 CHABRAKO KB B (BXGXRXIR, #¥#E 500 m)

Table 7. An example of discriminant function coefficients
(BXGXRXIR, at flight altitude of 500 m)

¥ Variable

Group B band G band R band IR band  E8{ constant
P 215.747 22.387 —54.076 91.449 —130.010
P; 243,115 —15.001 - —29286 . 71.988 —126.991
As . 228394 16.434 24737 43277 ~119577
L 183.294 18916 —52.141 73837 — 87586
0 239,309 23.868 —11.619 —40.930 97424
B 241.203 30.187 —21.170 20.148 -130.213
A 229,251 14.949 14280 —24.283 — 88395
F | 275.952 11172 —10471  —33314 —126.243
U

250.590 18.600 —14.504 —16.360 ~112.838

Ip(x) = 215.747 x5+ 22.387 25 —54.076 5 +91.449 21z — 130.010 .
Ipy(x) = 243.115.25 — 15.091 6 — 29.286 25 +71.988 21r —126.991
Las(x) = 228.394 25 +16.434 6 — 24.737 5 +43.277 21z — 119.577
11,(x) = 183.294 25+ 18.916 7 — 52:141 x5 + 73.837.21n — 87586 | - =

lo(x) = 239.309 x5 +23.868 26 —11.619 x5 —40.930 1 — 97.424 (19)

Is(x) = 241.203 23 +30.187 2 —21.170 2 +20.148 215 —130.213

Is(x) = 229.251 £p+14.949 2 —14.280 7r —24.283 x1r — 88.395

Is(x) = 275.952 25 +11.172 26 —10.471 xp —33.314 21, — 126.243
ly(x) = 250590 25 +18.600 2 — 14.504 x5 — 16.360 z1x — 112.838

PR, a8, o, Zr, TR ZERPHRB, G R IR AviDevsa2 A EHERETHS,
1 & LT, 3K No. 1 DfELX#ELTCALS, #AAK No. 1D B, G, R, IR S v Fir
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K BEEIRERFR 101, 095 089, 1.11 TH DT, (19 R 28 =101, 26 =095, x5 =
0.89, e =111 %R AT % &
Ip(z;) = 162.543
lpj(x;) = 158.060
Las(xy) = 152.735
In(x) = 151.065
lo(x;) = 111.180 (20)
Ia(x;) = 145.604
Ia(x) = 117.685
Ip(xy) = 116.783
ly(z;) = 126.859
Lith, ZOIHLRARDOLOEHERTDE le(x) 78D, 0FEDH, AR No. 1 1HEP (v
47 rve) ELTELSHBIZhcZ LTS, o
A LTLRAROBELHNT S L, BBRRTIOIAKERE LI, ZOERPTHA
BEOEENAEBBEORRAARD I BE L HAZIhLEEERL, TOoFRKE&BEOHRRAKR
BATCBR LIS ORI PRTH D, A E= <Y (P)IxEHAAK 30 &b 27 FHE LL
I, LEAFF=Y (As) LT, 2KBHZ<Y (L) & LT THIZhicz & &R
L, ZO¥HFIRPR g—g =900% TH5, IBBOWTHIMFRELRD, ZhbDOFY
B+ b RN PRETET S L 705% Lich,
£912G R IRDO3IAVIDFERER I - CHAIBEREZER L, Thic X - THAKR
OB@EYHA LIBRTHD, LK, BERFBHEAGDLEEZVWAVWAELZT, AfF11EY
DERHFBERLEDLRE OV T LA ERHAFIBRLZER L, #RAROBEOHN LT -2, £
LTHEEHBEAGHhE LR IBEOPHHNNFRYFTE LIERN F- 18 hoBREEE
500 m DI RENT W3,
thicihif, B,G, R, IRD4 -V FOERBE L TNTUES HE 0 I BEOFEH
BIFEIL705% THHDIHL, BLGIR D3 A v 2o kBEDOLNILT09% Th5,
T, 3AVFEAGHREE 4.V FlAEDROMICIBIEHNOGRCERA bR
Vo 2o T4~V IDESGI VL3V FOBEOHNRETHPFERFL LTS, D
Lok, TAFARARZ PABER I - THESNETIBECR, LT LLERTIHERTHIR
ERSFTRERVWEIRIVLT, FRRBERHFHOELEGHLEERETIENEEL LS,
R-91 X » CTHENEEREDFESELASD L, IR v FCIREER L LEHOBEE
BREL, IRAVIFEFTCREREOXIVIRTHIEDZERZR LTS, IEEERTY
H v oABRENEL, SHEBCIEVCEVW2E, IHIOFHBEOIEFEKRO 2 vE K9 T
BET5L, THRXBERO IBRFRCET 5 LhIBEILI Ty, L<kBAVFER
AYFOAz vHRREE LTV, 2o X5 cBlofmy d SBEEFHEEEAEHLRTLED
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#£-8 FHRECIHERAOHIERO M BXGXRXIR, #¥EE 500 m)

Table 8. Example of discrimination results of sample trees
(BXGXRXIR, at fllight altitude of 500 m)

HoB#E NumbjﬂrJ ofBusari;pleltre:‘; cﬁjssitilﬁ;d into it i“fg?ﬁ.:lf
Tree species Total
P Pi As L Q B A F U
(%)
P 23 0 4 3 0 0 0 0 0 30 76.7
Pj 0 27 1 2 0 0 0 0 0 30 90.0
As 2 1 17 1 0 8 1 0 0 30 56.7
L 2 0 0 19 0 0 0 0 0 21 90.5
Q 0 0 0 0 20 0 8 2 0 30 66.7
B 0 0 7 0 0 22 0 0 1 30 733
A 0 0 0 0 8 0 19 1 2 30 63.3
F 0 0 0 0 1 1 20 4 26 76.9
U 0 0 2 0 3 7 12 30 40.0
F29 FHRECIZHAKNOHIZEROM (GXRXIR, BEHEE 500 m)
Table 9. Example of discrimination results of sample trees
(GXRXIR, at flight altitude of 500 m)
Hop®E Numbe¥rlJ ofBusarﬁinle =1:treezé clfissigﬁ;d into 7t ﬂ?ﬂﬁif
Tree species p P As L o B A F - Total
(%)
P 19 2 0 0 0 0 0 30 63.3
Pj 0 28 2 0 0 0 0 0 30 93.3
As 3 3 19 0 0 4 1 0 0 30 63.3
L 3 0 0 18 0 0 0 0 0 21 85.7
Q 0 0 0 0 18 0 8 3 1 30 60.0
B 0 0 8 0 0 21 0 0 1 30 70.0
A 0 0 0 0 9 0 17 1 3 30 56.7
F 0 0 0 0 2 1 16 7 26 61.5
U 0 0 2 0 4 5 7 9 30 30.0
F—10 REFHHEEREREOHETF (BEEE 500 m)
Table 10. Corelation matrix between density on spectral band
photographs (at flight altitude of 500 m)
Sp%ct%ai%bjﬁld B G R IR
B 1.000 0.486 0.814 0.362
‘ 0.486 1.000 0.447 0.707
R 0.814 0.447 1.000 0.308

IR 0.362 0.707 0.308 1.000
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BHREIHEVHHECEL, FRICF-1BREND L5, B,G RD3 AV FRX»TH
EAHRH L THRD EFOMDBRE, RXIR, GXIR, BXIRD 23V F A S HEDHBE LY
LEL LD, EHEBXRIFIIBHOHEHAGHLEDOF CRIELELD, BXGXRIZI TR
F—7 4 A ALELERFRALEGDORETHD, LIV THEBNCE TV TAH T -5
Hil, BENEMTHLIBECIAD TRV I ERZTRBELTWS, ZLTIRZEH2. 5V F
HAEDLEDORFRAE DX, RicAHAZ S OERFELELGbEIHER, O]
BRBKEVC EEZRTIOTHA S,

BRHESEHOZERE OBfRY X W FEMCHF T2 720, IEEOLHERAR OWTH
EHBEROBRE OMETHEZRD, B-I0LRLE, CORNRLLBAAY FERAAY FOMEE
DELENC EDohb, TOXREBE, ELOLOERFTBREEHATIONEHNTHEInE
WARIEAE LS, 22 CHERERNT ABEOERTHROBHELHM T 5200 1 0D
BE LG IR W THREFENCEERED EHEARS B/ART RS B 2R TH
TR RN F-17T PO BERE 500 m ORI R IR T35,

COENPL ISR EL IR AV FOGELREDLDTREL, 205 v FAEER
MBS THDHIENHEEENS, BAVIERAVIEEREEBAY FOGEMSNRED
K%, RAvEXDLEDTHD, EBc BXIR & RXIR OFHHFIHFHRE HLNTHD
L, FRFR609%, 553% ThHH, RAvIFIDEBAVFERZELEDLEIVEHTD
B, ¥, GAVFOREEAE D E S GXIR DAZELEIEH EEZLNBN, £
OFHHPRFRSY £-18 THB &, BXIR®RRXIR L ) HEL T3, ZhilE-101
RERB 5K, IRAY FEDOHENG X v FTREXRTh Y REWRDERDRS,

DEDEEND, AR EL, LHrbHBONIVERTEEALGH®D T &5,
BESRNCHENTHLEPBERBEHLTEE LV, b, EHERE (19 500 m) TH
ELLEEMASBERNEZT ISR, VT7A»5—-FEEH BXGXxR) b W EH TR,
L LAKN? 7 —FHE (GXxRXIR) 0@>»#ELTWBE\Wv%25, ¥1cB, G IRD3AVF
EXBETHEN 7 —7 s v 2BHRTHRLE, BERNCHENTHDL LHEMTEXS,

2) #EEE1,000m (R 1:10,000)

BEEE1,000m D<A F A7 FAVBERECOWT, ERFEOBLGHLEEE 2 CFH
BESHIZIBEEEEBR L, SRAROBBHINYT -2, TOHFIKROMLY F£-11 & £-12
R, b, 118 ) OEESHRARE bRICOU T B HE L R b Ikl Bt £-18
FOBEREE 1,000m O RENR T3,

BENEEEEOEHEY N-101X > Tab L, FREBERD B, G, RD3 v FHl
BROEEEY S > TWBZ Ebhb, IRAVFRIZhLDIAVFEREEZXRTLTSE
D, BCHERE L LESBEOBEENHRTH S, 20T b, HEOBIMNLIR v
FREHTHBZ ENI X5,
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#1111 EHEBRECI2HERAOHUNEEO M BXGXRXIR, #E &K 1,000 m)
Table 11. Example of discrimination results of sample trees
(BXGXRXIR, at flight altitude of 1,000 m)
Ho@@E | Numbe:i:'IJ ofEusanb:pleItreeZ; classified into &t ﬂ?ﬂﬁif
Tree species . Total
P Pj As L Q B A F U
(%)
P 23 0 0 6 0 1 0 0 0 30 76.7
Pj 0 28 0 0 1 0 0 0 30 93.3
As 1 7 17 1 1 2 1 0 0 30 56.7
L 4 1 0 16 0 0 0 0 0 21 76.2
Q 0 2 0 0 6 0 12 6 4 30 20.0
B 2 0 1 0 0 24 0 1 2 30 80.0
A 0 0 0 0 5 0 14 10 1 30 46.7
F 0 1 0 0 2 0 18 5 26 69.2
10) 0 1 0 0 3 2 9 15 30 50.0
£—12 FHBRECIZHRRKOHALEEOHA (GXRXIR, RERE 1,000 m)
Table 12. Example of discrimination results of sample trees
(GXRXIR, at flight altitude of 1,000 m)
HoB®E Numbeilé'u ofBusarg_;)leJ:t:reeE; classified into 7 i“fg?ﬂj;?
Tree species i Total
P Pji As L Q B A F U
(%)
P 24 0 0 1 0 0 0 30 80.0
Pj 0 21 4 0 1 1 0 0 30 70.0
As 1 8 17 0 0 2 2 0 0 30 56.7
L 4 2 0 15 0 0 0 0 0 21 714
Q 0 2 0 0 7 0 11 6 4 30 233
B 2 0 1 0 0 24 0 1 2 30 80.0
A 0 0 0 0 6 0 13 7 4 30 433
F 0 1 0 0 1 0 17 5 26 65.4
U 0 1 0 0 1 7 14 30 46.7
#£—13 FEFREEREREOHETS (BEEE 1,000 m)
Table 13. Corelation matrix between density on spectral band
photographs (at flight altitude of 1,000 m)
Spgff j{;:‘:and B G R IR
B 1.000 0.457 0.640 0.125%
G 0.457 1.000 0.752 0.735
R 0.640 0.752 1.000 0.411
IR 0.125% 0.735 0411 1.000

$ 1% kK¥ETHEBEZL Not significant at 1% level
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FBEEBREOBEY XORIEL 251D, IBREOHRAK 257K X » THEFEB O
FEHBEOHBTII%R XD, THIE-IWBRREINTVWHITEL, GAVIFERAVE,
GAVvEFEIRAY FOMHEENEL, BAVIFEIR A Y FOMEBENERCEL,

BESIC A RBEEHREHEN T 57D I BEOHRRAKR BT A Xy, REFREIE&E
BHTRREIEDOLY & » iRy £-17 OBRFEE 1,000m Offic i L, c0EMD, IR A
v ERBHEBRACESCEDTH D, G AV ERFREKRSZENGASbhE, B, ROF v

FiRAE 0EDCRAEIFS>ThD, Lind F-13 Lol v FoE AR IEVC &
b, BXRAVFOMLZALRIBEBICITHEY THHE V> TIV. ZOTHENL,
#-18 @ 1,000 m D% i BxR OFE I FIR bR M3 263% LBRERC > TWBHZ EhD
HiEZIhizE W2 b,

%-17 b OB EE 1,000 m O R LI BIEDOKRE VIR AV FE G AV FEERE
bR IBaOFHHRRPRIT492% Lich, WV FEOHEBFRELRE VW1,
2y FBEDLRBTRALE > T\ 5, BREBE OHBEGREARD NI WBAVIFE
IR A v F A A bR BAOTHHNGHPEL GXIR OLRICKWTE D, LD b K
HOokEVEESREYBALEHRIONBINCEDNTHHLERL TS,

VTANG—7 4 L ARHSTAHEEHFBRAASGHE THS BXGXR T, GXIR, BXIR,
RXIRD 2 AV FZEDLRDOBE X D AHFEIMELL-oTWD, ThiZBAAv FERA
Y FOSEMN IR v FEARTERCIZIVI 21, GER, BEROAY FEOHEL
E D THEAD, —H, KA1 TF—7 4 A 2D 3BOAKBIEXTS G, R, IR A v %
H2A bR BA OTHHFIHKIL596% Lich, 43 FHTRER LIBE D 632%
LORALE B, FOMoA Y FlAXELEOFTRRELDRNTHS, Tiebdh, Bl
B HBERINL, VT AT —FEEHIDAFN T -FERCKEIRLI BT Lhbrb,

(3) MWEEE 2,000 m (HER 1:20,000)

K42 b v etk (PF), t F=YHk(AF), » 3= 2#K LF), ¥3» v (BF), EESK
(BL), 4 (SS) D 6 BRI W THR T v vy O AF A7 P AV ERRE LA E
B L. cheXoTHRAT ey OBEREZHR LAy R-14 &L R-15 KT, IbIC
BEEHRAL LGS LI 6 BEHOTHH M PR EHE LERY Z-18FORERE
2,000 m OFFICR L,

£-1611, 6BEHOHRA T = v + 100 AoV THRHEEOER & EOMBTIIZ R
LibDChsd, OFEMS, B,G, RD3 AV IFEEEWTREVWKHBOE N EAXHH
ha, —H, IRAV LMD 3 AV FEOHBRFEFCEL, LK IRAVYFEBAVE,
IR-3v F& G-y FORTIRMEBEERIREVE VST, Moz &k, K-11 OfERH
MEHBEEEHED 2 v BB LRI > THBHTHETEZ S,

Ebr, 6EEFILOVT, W BRI T ERE ORI RS & R TRR B g
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FARBE BV OEMOBER E Lo, TARINEBEROE WA Y FEREDPHEIEL KD
BEROBNCHEDTH S, Lih T, BERORVAV FEEAELES LM EEHOH
AMCHEL T EBLTIN,

F-14 FEEECIZHR sy r OHGEROHN
(BXGXRXIR, BEEE 2,000 m)

Table 14. Example of discrimination results of sample plots
(BXGXRXIR, at flight altitude of 2,000 m)

HAC L B8 EH B} 5
RoB®EH Number of sample plots classified into &t ﬂ?cﬂl?rfcf
Tree species group Total
PF AF LF BF BL SS
(%)
PF 15 0 0 0 0 15 100.0
AF 2 13 0 0 0 0 15 86.7
LF 0 0 15 0 0 0 15 100.0
BF 0 0 0 8 2 0 10 80.0
BL 0 0 0 10 20 0 30 66.7
SS 0 0 0 0 0 15 15 - 100.0

F—15 FHBREC IR =y bt OHFIEREOH
(GXRXIR, #E&EE 2,000 m)
Table 15. Example of discrimination results of sample plots
(GXRXIR, at flight altitude of 2,000 m)

oA X %8 E R . 8
Ho@®&# Number of sample plots classified into it ﬂfiﬁi?
Tree species group Total
PF AF LF BF BL SS
(%)
PF 14 1 0 0 0 15 93.3
AF 3 12 0 0 0 15 80.0
LF 0 0 15 0 0 0 15 100.0
BF 0 0 0 9 1 0 10 90.0
BL 1 0 0 9 20 0 30 66.7
SS 0 0 0 0 0 15 15 100.0

#£—16 FEFHRHZHEECHEETS BEEE 2,000 m)
Table 16. Corelation matrix between density on spectral band
photographs (at flight altitude of 2,000 m)

B R
Spectral band B G R IR
B 1.000 0.653 0.789 0.052#%
G 0.653 1.000 0.785 0.095%
R 0.789 0.785 1.000 0.259
IR 0.052# 0.095% 0.259 1.000

£ 1% kB TEEZNLL Not significant at 1% level
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E-18 HDOEE 2,000m DL 25 L, BXGXxRXIR D4 23 v FAZA R DOEHHE
F3Ri2 889%, GXRXIR D Zxhix883% TH b, MEOMLIZENHRLIT, B v Faff
BT 3881zt ARy, ¥, BXG, BxR, BXIR, BXGXIR DX 5 Bv &4t
BAEbROBEDOHPRITRNUEL Ko Tb, e Th B & G Of-S v Fido#itd
B, Lird v FEOHEB L HENEVDT, BXG OHAEbER X A HFIBPRIzLA
ZELEOFTRIETHD, B Y FRERIMEVW DAL L HHILOFEILEL, 0O
IORBEBVWEENLREINLIBER, BESHICE > TB Y FOFBRIFEECHI W
LERTED, —H, REED2 -V F2ihgdbel RxIR OFHHFIMFRIZ8L1Y &
BWEERT, 202 FRBAVIEMLZTBXRXIR & LTHFRIZL{mELL
W, T, VTN T -7 4 L ARBERTAERTEMAAGHRD BXGXR OFHHFIMS
i1 761% THH, ThHIXEND T -7 4 L ACHIET S GXRXIR @ 883% wh~NTk ¥
&b, RXIR 245 23V FELEHLEDOFRI DL I b,

BEEEN2000m & EL L HMR 1:20,000 T, 4V VR TRUERTAE4L, B
A FEBRWES L oBBEERNOBREOER LV EVE D, LRSS TGEGXRXIRD3 A Y
FHZAEPEOHENKEZL, XHLERXIREWVIREED2 AV FEXAELRILIB LD
bIEFHCHRYTH D Libhd,

4. WEEE S HMER

F—R%rdge, BEYEEYZE LT, R 1:5000, 1:10,000, 1:20,000, » 3 EHH
DZAF ARy P AFEEYEBRYE LCOR, BYESENEERNCE 2 2 BBC oW TRET
D ThHole, TRETEFREFNROBEEE S L, BESINCHENLEEFROBAED
B, ZZ TRBEEEMOKERTV, BEBE L BEBNOBRCOVWTER
T 5,

F-171%, 3EBEOBEBEEOGZHEICOWT, BERHFRINCEBE OREARLS & & EATR
SO EY—BR LD THb,
EEE 500m & 1,000m T3 £-4 LR

*-17T ZFRBREOSHEK
Table 17. Variance ratio of photographic

Utz 257 A DR AL BT 9 i density
CONT, TR 2,000m T -5 " E & B
RO, BB m T &5 s K &£ 1%1) q Flight altitude above ground
RURHR 7 = v b 100 Mg fLc  Spectral band 0 1,000 m 2,000 m
6 BRI OV THBILER b B 40720 12,052 6.206
DTHbH, ThehdLBEESEY G 42471 32.493 13.325
i3> IR A v FOSEENRAT R 26.965 10.252 44397
IR 170.322 110.422 85.333

by, BESRINCHROREVT L
3 —F, BAVEF %) MEEE 500 m & 1,000 m 2 HERA 257 Ric o T,
BREND, =T, Y roER WEHEE 2000 mZHER 7 = v b 100 Ao\ THE
LR 5000m Ti 4 v FOHT Lo
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PREORZITHDH, BEL000m s &/h&Llkb, HE2000m Cixiheics, T
tbd, BERENMEVBARIEB XV IRESNTHEE, FRANREL KL ORTBAVE
DERHEIIEST B,

BENERBRETHED & v& -9, K-10, K-11 1T X » THET3 &, YoREEE
CEWTHUHEEBFEEDO B, G, RD3 AV FaELLTE Y, IRV IRELRS LEEY
RTHz b, Lt THUOEAYETSB, G, RO 3y riagbei:, K&
BB TR ELPETER, FRIDO3AVITIER, BAELTOHSE LT
b, RECIZHEMELEHSOKFRITATETHSA, IR AV FCRREOREEN LY
{, TORFGEHTHIHROKRENZ LR B,

IR Ay FRBEBNCE > TEBCHROBVZ L RFHBOL KBV THBH, FIILMA
ChHEDLDTHEPEEELTHRS, H-1213\ S OhoBBic o\ CTEENHE Uiz
EOGRHRER LEDLDTHB, 1 X773, r¥=-~v/FE o CiIRE1IRORHR
Z, PRV, IFYROVTIEHELXREOTER NI IRET LTEORERY, 4%
¥Eit (Beckman DK-2) # WV CHIELTWA, M-12%& %L, 1KOEOHRRHRIT,
AN AORKEFRTIBEC L » TEhBER ERERR, &2 ARFEHEOE (7 2) %
BERIEBEDOFERHBLRARLBEY c Ihil, E2ER? LVHERGEBORE I E A
EEL LIV, EHRMEEIR TR E B LTS, BFRMEER TORERL, 2HOESY
BERIHBARIZ20%Z EHAL, 5HoEYERS L 30Z UELHATHOTHD, ZhiT

70 ~ Abies sachalinensis +rvw

----------- Larix leptolepis nsvv
...... Quercus mongolica X35

60 var. grosseserrata
. —e—e Alnus hirsuta 5y v3 v %
-

S 50
bt
°
a
w 40
|9/
4
< 30
O
w
wd
w 20
o

[=)

0 ] L 1 |
05 10 1.5 20 2.5

WAVELENGTH {microns)

B-12 BHEos xR X
PFig. 12. Spectral reflectances of foliage.
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EOERALEBR T 5 BBRIE %18 TEHMEE

{, BRALILENTBOECI VK Table 18. Average classification accuracy
: 3% ¥ » AR TR
HEh, BOBBLIRIKICRD W K Average classification accuracy
5 12) MG B B2 e E
YOEHZBBY, BARSCOX Spectli:l band P5‘%)i0ght altituldgogbove grouélo%
ZeRE I e Do combination m ,000 m 2,000 m
PERBPBCEWCEREYE-T1D (%) (%) (%)
OEEEBR LT3, Eoo¥ BXGXRXIR 705 632 88.9
F T IE T o T DI BXGXR 498 400 76.1
GXRXIR 64.9 59.6 88.3
. 23 a \
AHRLRD. LRAST, ROEM BXRXIR 630 54.1 811
WE 7 b O X - TR BxGxIR 70.9 585 67.2
D, STEEM L RERRC X 523FE RXIR 55.3 4.9 811
Kk e, IR Ay FICBWTL, GXIR 53.6 492 75.0
. . BXxIR 60.9 455 66.1
T X5 IeRE DR\ X BERN GxR 37 345 733
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Fig. 13. Chromaticity coordinates of sample trees appearing in composed
real color photographs (at flight altitude of 500 m).
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Fig. 14. Chromaticity coordinates of sample trees appearing in composed
infrared color photographs (at flight altitude of 500 m).
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Table 19.

Example of discrimination results of sample trees when the
variables used in computing discriminant functions are the
photographic density and the chromaticity coordinates % and
v (GXRXIR (bXgXr) composed infrared color photographs,

at flight altitude of 500 m)

oo v X } 5
Ho#E Number of sample trees classified into gt ijgﬁfcf
Tree species . Total

P Pp As L Q B A F U )
P 21 0 3 6 0 0 0 0 0 30 700
Pj 1 29 0 0 0 0 0 0 0 30 96.7
As 2 0 21 1 0 5 0 0 1 30 70.0
L 2 0 0 18 0 0 1 0 0 21 85.7
Q 0 0 0 0 16 0 10 2 2 30 53.3
B 1 1 8 0 0 14 0 2 4 30 46.7
‘A 0 0 0 0 5 1 21 1 2 30 70.0
F 0 1 0 0 1 1 17 4 26 65.4
U 0 0 1 0 4 6 7 9 30 300

20 BELOEESEL v CIHHRT vy L OHAEROH (GXRXIR
(bxgxr) FF#HMN» 5 —~BH, BREFHE 2,000 m)

Table 20. Example of discrimination results of sample plots when the
variables used in computing discriminant functions are the
photographic density and the chromaticity coordinates # and
v (GXRXIR (bXgXr) composed infrared color photographs,
at flight altitude of 2,000 m)

HH X » 8 8EFH . ) B
Ho#@8H Number of sample plots classified into & ﬂfi?ﬂigg
Tree species group Total
PF AF LF BF BL SS
(%)
PF 9 3 3 0 0 0 15 60.0
AF 2 13 0 0 0 15 86.7
LF 0 0 15 0 0 0 15 100.0
BF 0 1 8 1 0 10 80.0
BL 4 1 2 17 3 30 56.7
SS 0 0 0 0 15 15 100.0
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Table 21. Comparison of classification accuracy between

multispectral photograph and composed color
photograph (at flight altitude of 500 m)

~AF Ay AEH & K » 7 - B R
Multispectral photograph Composed color photograph
EABRECLS BELOEEE4, v GBEEEY, vIZI?
¥ E &K FHEleh®R W RHR—EX X 5 FPEHHBNPER Lok d:
HagbHe Classification HMafbe Classification accuracy Classification accur-
Spectral band accuracy by | Spectral band-color by photo density and acy by chromaticity
combination photo density| light combination chromaticity coordina- coordinates # and v
(% tes # and v (%) (%)
BxXxGxXIR 709 BXGXIR (bXgXr) 64.6 54.4
GXRxIR 64.9 GXRXIR (bxgXr) 65.3 53.7
BXxIR 60.9 BXIR (gX1) 57.8 56.2
RxIR 55.3 RXIR (gXr) 51.8 51.9
BxGXR 498 BXGXR (bxgxXr) 471 352

F22 ~AFA7 I ABELIFGNEY 7 -FHOBBEEHI
RO LE (BREEE 2,000 m)
Table 22. Comparison of classification accuracy between

multispectral photograph and composed color
photograph (at flight altitnde of 2,000 m)

“AFAR7 P VER & R » 73 - & EH
Multispectral photograph Composed color photograph
EHRBIC LD BELAEERe, v BEEEL,vICLD
¥ EWIR FHHNNPR FEHE—6X x5 AR EEPE Bl R R
#HMa g  Classification HEZEFHE Classification accuracy Classification accur-

Spectral band accuracy by | Spectral band-color by photo density and acy by chromaticity
combination photo density| light combination chromaticity coordina- coordinates # and v
(%) tes # and v (%) (%)

GXxXRXIR 88.3 GXRXIR (bxgXr) 80.6 55.0
RxIR 81.1 RXIR (gXr) 75.6 69.4
BXGxR 76.1 BXGXR (bxgXr) 69.4 66.1
BXGXIR 67.2 BxGXIR (bXgXr) 66.1 57.2

BxIR 66.1 BxIR (gXr) 511 40.6
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Table 23. Results of identification using only photo density
as interpretation key
oM e X _
Ho#E Number of sample trees classified into it
Tree species . Total
P Pj As L Q B A F U
P 23 0 0 0 0 0 0 30
Pj 0 27 1 0 0 0 0 0 30
As 2 1 17 1 0 8 1 0 0 30
L 2 0 0 19 0 0 0 0 0 21
0 0 0 0 0 2 0 8 2 0 30
B 0 0 7 0 0 22 0 0 1 30
A 0 0 0 0 8 0 19 1 2 30
F 0 0 0 0 1 1 20 4 26
U 0 0 2 0 3 3 7 12 30
# Total 27 28 31 25 32 33 32 30 19 257
WHOEE ()| 852 964 548 760 625 667 594 667 632
ccuracy
%24 FEBRERSIUCHEEY, 4AFUBELHEERE LL20o#HIBER
Table 24. Results of identification using photo density, crown shape
and location as interpretation keys
- B A A a] fE
HHEwL L »HHE Not identified
Ho#E Number of sample trees identified into oREwY AEME
Tree species XoT &X»7T| Total
P Pj As L Q B A F U By crown By
shape location
P 23 0 4 0 0 0 0 0 0 0 30
Pj 0 27 1 2 0 0 0 0 0 0 0 30
As 2 1 17 1 0 0 0 0 0 9 0 30
L 2 0 0 19 0 0 0 0 0 0 0 21
Q 0 0 0 0 20 0 8 2 0 0 0 30
B 0 0 0 0 0 20 0 0 1 7 2 30
A 0 0 0 0 8 0 19 0 2 0 1 30
F 0 0 0 0 0 1 20 4 0 1 26
U 0 0 0 0 2 3 7 12 2 4 30
%t Total |27 28 22 25 30 20 31 29 19 18 8 257
HREKEE o) 852 964 773 760 667 1000 613 690 632
Accuracy
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Table 25. Results of identification using only color as
interpretation key
HWoHM e X o3 .
Ho@® Number of sample trees classified into &t
Tree species . Total
P Pj As L 0 B A F U
P 23 0 3 4 0 0 0 0 0 30
Pj 0 28 0 2 0 0 0 0 0 30
As 2 2 16 1 0 6 0 0 3 30
L 2 0 0 19 0 0 0 0 0 21
Q 0 0 0 0 11 0 12 5 2 30
B 0 0 9 2 0 15 0 1 3 30
A 0 0 0 0 3 0 20 3 4 30
F 0 0 1 0 4 1 15 5 26
U 0 0 2 0 4 3 3 17 30
£ Total 27 30 31 28 22 22 36 27 34 257
HREODE )| 852 933 516 679 500 682 556 556 500
ccuracy
26 EESIVHEY, 4BMBXHARERLL-L XORNEE
Table 26. Results of identifiction using color, crown shape and
location as interpretation keys
B BIA N BB
HFEw X 5B Not identified )
EoB® Number of sample trees identified into B ® 4L£BEME F
Tree species ZXwT &Xo<T| Total
P Pj As L Q B A F U |By crown By
shape location
P 23 0 0 0 0 0 0 0 0 30
Pj 0 28 0 2 0 0 0 0 0 0 0 30
As 2 2 16 1 0 0 0 0 0 9 0 30
L 2 0 0 19 0 0 0 0 0 0 0 21
Q 0 0 0 0 11 0 12 2 2 0 3 30
B 0 0 0 0 0 15 0 0 3 11 1 30
A 0 0 0 0 3 0 20 1 4 0 2 30
F 0 0 0 0 0 0 1 15 5 1 4 26
U 0 0 0 0 3 0 3 3 17 2 2 30
i+ Total 27 30 19 26 17 15 36 21 31 23 12 257
HENSE ) 852 933 842 731 647 1000 556 714 548
ccuracy
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Fig. 15. Flow of tree species identification by multispectral photographs.
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Summary

The identification of tree species by aerial photographs is greately influenced by various
conditions of photographs. Especially, kinds of films and flight altitudes are important factors
which determine essential characteristics of aerial photographs.

On the other hand, various trainings and experiences concerned with interpreters are
absolutely necessary for tree species identification from aerial photographs. Recently, some
reserch works on the automatical identification of tree species became to be carried out. How-
ever, their accuracy is still not satisfactory, because only gray or color tone has been used
in these research works.

The author wishes to make clear the following two items, namely, one of them is to
find out the most effective kind of film and flight altitude for identifying tree species. The
other one is to reserch the technology of tree species identification which many foresters can
easily utilize.

1) Various films such as black-and-white infrared, real color and color infrared have
been already developed, furthermore, false color films except types above-mentioned will be
also developed in near future. Black-and-white films have one emulsion layer and color films
have two or three emulsion layers. A film type is determined by combinations of emulsion
layers recorded a constant spectral band in an electromagnetic wave reflected from a land
surface. Accordingly, it is greately important to make clear an effective combination of spec-
tral bands for identifying tree species. The most effective film was obtained theoretically
through the treatment above-mentioned.

2) In mid-July, the multispectral camera was utilized to obtain the following four spectral
band photographs ; B (400 ~500 nm), G (500 ~600 nm), R (600~ 700 nm), and IR (700 ~900 nm).
The flight altitude was transfered to the following three steps; 500 meters (1:5,000 scale),
1,000 meters (1:10,000 scale), and 2,000 meters (1:20,000 scale). Thus, the author utilized
the photographs at flight altitude of 500 and 1,000 meters to identify a single tree species
and utilized one at flight altitude of 2,000 meters to identify tree species of forest stand.

3) 257 sample trees ranged to nine tree species were selected depending upon the ground
survaying. These sample trees were accurately transfered to photographs at flight altitude of
500 and 1,000 meters. In addition to this treatment, 100 sample plots ranged to six tree-
species-groups were also selected and were transfered to photographs at flight altitude of 2,000
meters. Each plot in this case corresponds to the circle with a radius of 20 meters on the
ground.

4) The following keys have been using for the identification of tree soecies : morphological
characteristics, ecological characteristics, and spectral reflectance characteristics of tree species.
Morphological characteristics such as crown shape and tree height, and ecological characteristics
such as site and association do not make any fundamental difference in each spectral band.
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The spectral reflective characteristics are recorded as photographic tones on aerial photographs,
and photographic tones are generally different in each spectral band. Accordingly, the author
recognized that effective bands for identifying tree species should be selected only according
to spectral reflective characteristics — photographic tones.

5) To bigine with, the author measured photographic densities of sample trees and plots
on B, G, R and IR band photographs and then computed discriminant functions based on
these data and lastly statistically discriminated tree species of sample trees or plots by using
these functions. In this case, there are eleven combinations of spectral bands such as BxG x
RxIR, BXGXIR, GxR, and so on. A discrimination of tree species was carried out about
each combination. As for the effectiveness of identification, eleven combinations of spectral
bands were compared with each other by the percentage of correct discriminations. Through
this treatment, the author estimated the most effective combination of spectral bands for iden-
tifying tree species.

6) At flight altitude of 500 meters, BXG XIR band was remarkably effective. Sample
trees ranged to nine tree species were discriminated from photographic densities on these
three band photographs and its average percentage of correct discriminations was 70.9 percent.
Notwithstanding R band was added to three bands above-mentioned, its classification accuracy
was only 70.5 percent.

7) In the case of discrimination from four band photographs at flight altitude of 1,000
meters, its classification accuracy was 63.2 percent. Though G xR XIR band showed the
highest classification accuracy among three bands, this value was almost equivalent to the
case of BxG xIR band.

8) In the case of identifying sample plots ranged to six groups of tree species at flight
altitude of 2,000 meters, R XIR band was effective and its average percentage of correct dis-
criminations was 81.1 percent. Notwithstanding B band was added to R XIR, its classification
accuracy did not increase.

9) The author recognized that effective spectral bands for identifying tree species varied
with flight altitude and even if more bands were used, its classification accuracy did not always
increase.

IR band was remarkably useful at all flight altitudes and B band at low altitude. As
far as this research work is concerned, the author convinces that B band is effective for iden-
tifying tree species at lower flight altitude than 1,000 meters. On the other hand, R band
is greately useful at higher altinde than 2,000 meters. Although G band shows a tendency
to decrease the effectiveness with increasing flight altitude, this tendency is not so clear as
compared with that of B band.

10) Real color photograph and four kinds of false-color photographs including color in-
frared were produced by additive color viewer from the four black-and-white spectral positives,
and the effectiveness of these color photographs were compared with each other. Through
this treatment, the author also realized that the color photographs based on the combination
of bands which showed high average percentage of correct discriminations was highly effective
for identifying tree species.

Color infrared photograph is useful at all flight altitudes. Furthermore, false-color pho-
tograph with blue-, green- and infrared-sensitive layers is useful at low altitude and the one
with red- and infrared-sensitive layers at high altitude.
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11) Using a simple stereoscopic vision with color measurment, the accuracy of tree species
identification increased to some extend.

To begine with, sample trees were separated into softwoods and hardwoods by interpretat-
ing the characteristic of crown shape and all sample trees were correctly separated on false-
color photograph produced from B, G and IR band positives at flight altitude of 500 meters.

Then, discriminant functions in order to identify the content of both softwood and hard-
wood were computed from their color measurement data. Four softwood species and five
hardwood species were separately discriminated by using these functions. The average percent-
age of correct discrimination in this case was 71.3 percent, on the other hand, in the case
of discrimination used color measurement alone, its classification accuracy was 64.1 percent.

After that, the author distinguished whether the locations of sample trees were marsh
land or not. If the locations of trees identified were inconsistent with the most suitable place
for discriminated species, these trees were treated as those which were impossible to identify.
Thus, this important location was added to color and crown shape as photo-interpretation
keys for tree species, and as the result of this treatment, the average percentage of correct
interpretations increased 5.9 percent.

12) Notwithstanding simple interpretation keys such as crown shape and location were,
the interpretation accuracy being added to these factors fairly increased. Accordingly, it is
expected that the difficulties of tree species identification are overcomed by using other mor-
phological and ecological characteristics with color measurement.

13) The image chromaticities of sample trees on color infrared photographs at flight
altitude of 500 meters were measured and were displayed on the CIE 1960-UCS diagram.
Discriminant functions which used the chromaticity coordinates « and v as variables to dis-
criminate nine tree species were computed and the average percentage of correct discriminations
was 53.7 percent. Furthermore, the lightness of color image which falls on photographic
density was added to above-mentioned variables and this new discriminant functions were
recomputed. The classification accuracy used these functions was 65.3 percent.

In addition to this treatment, sample plots on color infrared photographs at flight altitude
of 2,000 meters were also analized in the same way above-mentioned. The classification ac-
curacy depended upon discriminant functions used « and v as variables was 55.0 percent, and
the classification accuracy used u, v and density as variables was 80.6 percent. Accordingly,
the author recognized that three dimensional expression of color which fell on the chromaticity
coordinates and lightness was better than the result of using color diagram.
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Photo 7. Examples of multispectral photograph and composed
color photographs (at flight altitude of 500 m)

=N F A7+ ABEE Multispectral photograph

BXGXR (bxgxXr) &KV 7+ #» % —FHE Composed real color photograph
GXRXIR (bxgXr) & # »7 —EH Composed infrared color photograph
BXGXIR (bXgXr) A 74+ —1AH7 —FEHE Composed false color photograph
BXIR (gXr) 7 # -+ A#» 7 —EH Composed false color photograph
RXIR (gXr) &7+~ A # 7 ~FH Composed false color photograph
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Plate III
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BFR-8 =A7ARJ I ABHLERH 5 —FHOH
(¥ = E 2,000 m)
Photo 8. Examples of multispectral photograph and composed
color photographs (at flight altitude of 2,000 m)

<AF A7 b VEH  Multispectral photograph

BXGXR (bXgXr) &Y 74 » 7 ~FHE Composed real color photograph
GXRXIR (bXgXr) AR #4t» 7 —FHE Composed infrared color photograph
BXGXIR (bXgXr) K7+ -1 255 —EH Composed false color photograph
BXIR (gXr) A7+ -~ A% 5 —BH Composed false color photograph
RXIR (gXr) A7 # — A+ A% 5 —HEE Composed false color photograph
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