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!"#$%&'%()*(#$ +%$%#,*)*(#-$ +.(/$*$-)0$*.-$1#($ 2*0#)3$ $!"#$-)0$

2*0#)$ 4/.(*+.%$ ("#$ 4/2/)$ *.-$/)+#.(*(+/.$ /5$ ("#$ '*%#$6*(#)+*2$ 7#383$

4*.9*%:;$1"+4"$+%$./($6/-+5+#-$-+)#4(203$$<.%(#*-$("#$&%#)$+.(#)*4(%$

1+("$("#$1#($2*0#)$(/$*,,20$.#1$,*+.($(/$("#$%&'%()*(#3$$!"#$1#($*.-$

-)0$ 4/2/)$ 2*0#)%$ *.-$ "#+8"($ 6*,%$ *)#$ '2#.-#-$ (/$ ,)/-&4#$ ("#$

4&))#.($,*+.(+.8$*%$%"/1.$+.$=+8&)#$>3$

!

!

!"#$%&'()'*+&',-.-%'/01'2&32$%&'4+&"#+25'./6&%7'2+/2'8/9&'$:'/':/"02"0#)'

!"#$%&&

<.$ )#*2$ ,*+.(+.8%;$ ("#$ 4/2/);$ 82/%%;$ *.-$ ("+4?.#%%$ /5$ ("#$,*+.($

-#(#)6+.#$"/1$+($+.(#)*4(%$1+("$2+8"(;$*.-$'2#.-%$1+("$/("#)$4/2/)%3$

<.$("#$(*.+8@*+.($%0%(#6$("#%#$,)/,#)(+#%$4*.$'#$9*)+#-$(/$,)/-&4#$*$

)*.8#$/5$#55#4(%3$A&))#.(20$ ("#$(*.8+@*+.($%0%(#6$+%$8#*)#-$(/1*)-$

,)/-&4+.8$ /+2B2+?#$ ,*+.(+.8%$ *.-$ (/$ 6/-#2$ ("#$ '#"*9+/)$ /5$ ("#%#$

,*+.(%;$("#$%0%(#6$+6,2#6#.(%$*$%+6,2+5+#-;$/,*C&#$D&'#2?*BE&.?$

6/-#2$ (/$ ,#)5/)6$ )#*2B(+6#$ %&'()*4(+9#$ 4/2/)$ '2#.-+.83$ !"#$

#C&*(+/.%$5/)$("#$6/-#2$*)#$%"/1.$+.$=+8&)#$F3$$$A/2/)%$%,#4+5+#-$+.$

GHI$*)#$4/.9#)(#-$+.(/$*'%/),(+/.J%4*((#)+.8$7DJK:$)*(+/%$5/)$#*4"$

4"*..#2;$ *.-$ ("#.$ 1#+8"(#-$ *9#)*8#%$ *)#$ (*?#.$ '*%#-$ /.$ ("#$

9/2&6#$ /5$ ,*+.($ '#+.8$ 6+L#-3$ !"#%#$ 9*2&#%$ *)#$ ("#.$ 4/.9#)(#-$

'*4?$(/$GHI$5/)$)#.-#)+.8$*.-$-+%,2*03$

!

!

'

!"#$%&';)'<"8:."="&1'>$?&.9/@A$09'8-1&.'$7&1'=-%',-.-%'?.&01"0#)'

'()*+,*&

M+?#$("#$%&'%()*(#;$')&%"#%$*)#$*2%/$4/6,/%#-$/5$*$4/2/)$6*,$

*.-$ *$ "#+8"($ 6*,$ *.-$ #*4"$ 2/4*(+/.$ +.$ ("#$ 4/6'+.#-$ 6*,%$

)#,)#%#.(%$ *$ ')+%(2#$ /5$ ("#$ ')&%"3$ $I)&%"#%$ 4*.$ '#$ 52*($ /)$ )/&.-#-$

*.-$/5$9*)0+.8$%+N#3$$O%$*$')&%"$+%$%()/?#-$*2/.8$("#$%&'%()*(#;$("#$

"#+8"(%$*.-$4/2/)%$/5$("#$1#($2*0#)$/5$("#$%&'%()*(#$+.(#)*4($1+("$("#$

4/2/)%$ *.-$ "#+8"(%$ /5$ ("#$ ')&%"3$ $ P*4"$ ')+%(2#$ +.(#)*4(%$ 1+("$ ("#$

%&'%()*(#$+.-#,#.-#.(20;$1"+4"$,)/-&4#$("#$(#L(&)#-$Q%()/?#R$#55#4($

%##.$+.$)#*2$,*+.(+.8%;$*%$%"/1.$+.$=+8&)#$S3$

$

!

!"#$%&'B)''C&./2"-07+":'?&2D&&0'2+&'+&"#+27'/01',-.-%7'-='2+&'?%$7+'2+/2'

:%-1$,&'72%-9&'2&32$%&7)'

I)&%"$ %()/?#$ (#L(&)#$ *.-$ ,*+.($ ()*.%5#)$ *)#$ %+6&2*(#-$ '0$

4*24&2*(+.8$ ("#$ 9/2&6#$ /5$ ,*+.($ ()*.%5#))#-$ '0$ #*4"$ ')+%(2#3$ $ !"#$

')&%"$4*.$)&.$/&($/5$,*+.(;$'&($4*.$*2%/$,+4?$&,$*.-$6+L$1+("$1#($

,*+.($ ("*($ 4*.$ '#$ '2#.-#-$ +.(/$ ("#$ ')&%"3$ !"#%#$ +.(#)*4(+/.%$

%+6&2*(#$)#*2+%(+4$+6,*%(/$*.-$4/2/)$'2#.-+.8$#55#4(%3$

$

$

!"#$%&'E)'F%-77'7&,2"-07'2+-$#+'/'2&32$%&1'7$?72%/2&G':/"02'72%-9&G'/01'/'

:/"02&1'7$?72%/2&'7+-D"0#'+-D'2+&',-.-%7'/01'2&32$%&7'-='&/,+',-8?"0&'

2-':%-1$,&'2+&'="0/.'7$%=/,&'/::&/%/0,&)'

=+8&)#$T$%"/1%$"/1$("#$%&'%()*(#;$,*+.(;$*.-$')&%"$+.(#)*4($(/$

,)/-&4#$ ("#$ (#L(&)#%$ *.-$ 4/2/)%$ /5$ ("#$ ,*+.(#-$ %&)5*4#3$ !"#$ (/,$

,*.#2$ %"/1%$ *$ 4)/%%$ %#4(+/.$ (")/&8"$ *.$ &.,*+.(#-$ 4*.9*%$

+22&%()*(+.8$ ("#$ "#+8"($ 9*)+*(+/.%$ ("*($ -#5+.#$ ("#$ %&'%()*(#$ (#L(&)#3$

R Reflectance
K Absorbtion coefficient
S Scattering coefficient
A Absorbance
h Height

Table 1: Kubelka-Munk Parameters

(

K

S

)

R

=
(1−RR)

2

2RR

= AR

(

K

S

)

G

=
(1−RG)

2

2RG

= AG

(

K

S

)

B

=
(1−RB)

2

2RB

= AB

AR,mix = hwet ∗ARwet
+ hdry ∗ARdry

AG,mix = hwet ∗AGwet
+ hdry ∗AGdry

AB,mix = hwet ∗ABwet
+ hdry ∗ABdry

RR = 1 +AR −

√

A2

R + 2AR

RG = 1 +AG −

√

A2

G + 2AG

RB = 1 +AB −

√

A2

B + 2AB
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!"#$%&''(#$)*+#($,"-.,$*+$&'#*(&/#'$012,"$,31-4#5$&((2,31*3&+6$0-3"$
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*71-,,$*$,20,31*3#5$*+'$ 3"#$ 3#9321#$ &%)*13#'$0:$ 3"#$012,";$<&+*((:5$
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1#*(&,3&7$ (&%&3,$ -+$ 3"#$ 3"&74+#,,$ -8$ 3"#$ )*&+3$ (*:#15$ 31*+,&3&-+&+6$

81-%$*''&+6$3-$0(#+'&+6A%->&+6$*,$3"&74+#,,$&+71#*,#,;$

!

!"#$%"&#'
B3$ &,$ 3"#$ &+3#1*73&-+,$ -8$ (&6"3$ .&3"$ -8$ 3"#$ 7-(-1#'5$ 3#9321#'$
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.#$ 1#+'#1$ &%*6#,$ -8$ 3"#$ )*&+3#'$ ,218*7#$ 2,&+6$ *$ CDEF0*,#'$
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,218*7#;$@"*+6&+6$ 3"#$ (&6"3$ '&1#73&-+5$ ,218*7#$ +-1%*(5$ -1$ >&#.&+6$
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!

!
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!
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!

!

!

"#$%&'!(')*&'&+%,%-.+!
!

!
!"#$%&'=)'!43>-/,%5'./3>"1#'"2?4&2&15,5"31'3+'5/&'?,"15"1#'.@.5&2)''A/&'

%&10&%"1#'>3%B'".'.?4"5'C&5>&&1'5/&'DEF',10'GEF6',10'3$5?$5'53'5/&'0".?4,@)'

<&621#$ Q$ &((2,31*3#,$ 3"#$ 1#+'#1&+6$ (--)$ -8$ 3"#$ ,:,3#%;$ $ B3$
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1#+'#1&+6$>*(2#,$ *1#$%-'&8&#';$ $?,$)*&+3$ &,$ *))(&#'$-1$%*3#1&*($ &,$

1#%->#'$ 81-%$ 3"#$ 7*+>*,5$ 3"#$ 7-(-1$ 3#9321#$ *+'$ "#&6"3$%*),$ *1#$
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!
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2)()1*'*($"%2.)'*"4,"(*)-3'41*"),."'6*"%$*("+),"74*<"'6*"*//*+'$"0,"
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%$*(" +)," 7)(=" '6*" $4I*" ),." $6)2*" 0/" '6*" &(%$65" )-0,:" <4'6" '6*"
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%$*(" +)," +600$*" '6*" +0-0(" ),." +6)()+'*(4$'4+$" 0/" '6*" 2)4,'8""
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*=*.(022*("4$"/4($'"$*-*+'*."/(01"'6*"'00-"1*,%5"),."'6*,")"204,'"0,"

'6*"+),7)$"4$"$*-*+'*.8""#"$1)--"+0-0("2(*74*<"4$"$60<,",*>'"'0"'6*"
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.4//*(*,'" +0-0(" ),." '64+J,*$$" )(*"14>*.8" "96*" (*$%-'4,:" +0-0(" 4$" )"
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