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!! >1=%.*'>1=%.*'.=34.1)*)&B.=34.1)*)&B

!! 641)=1+%3.*'641)=1+%3.*':.3N&=)"/#:.3N&=)"/#

!! >LL=).34'>LL=).34'EO'*)$K3)2+EO'*)$K3)2+

!! !(8!(8

!! >LL=).34'>LL=).34'CO'-)=1'1PL1/2%91CO'-)=1'1PL1/2%91

!! <"+"=1<"+"=1

!! A)/3*"2%)/A)/3*"2%)/
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AERIAL ARCHAEOLOGY – WHAT’S IN A NAME
?

!! >1=%.*'.=34.1)*)&B>1=%.*'.=34.1)*)&B

oo >3R"%2%+%)/')5'#.+.>3R"%2%+%)/')5'#.+.

oo S.+.'%/91/+)=BS.+.'%/91/+)=B

oo T.LL%/&T.LL%/&

oo 8/+1=L=1+.+%)/8/+1=L=1+.+%)/

oo A)-L.=%2)/A)-L.=%2)/

!! S.+.'.3R"%=1#'5=)-'.'31=+.%/'.*+%+"#1S.+.'.3R"%=1#'5=)-'.'31=+.%/'.*+%+"#1

oo 7@LB;2.+1**%+127@LB;2.+1**%+12

oo ?>S>?'./#'?>S>?'./#'!%S>?!%S>?'#.+.'#.+.

oo >%=:)=/1'-"*+%M>%=:)=/1'-"*+%M4BL1=2L13+=.*4BL1=2L13+=.*'23.//%/&'23.//%/&

oo U1=+%3.*'74%&4K.*+%+"#1;'.1=%.*'L4)+)&=.L4BU1=+%3.*'74%&4K.*+%+"#1;'.1=%.*'L4)+)&=.L4B

oo J:*%R"1'7*)$K.*+%+"#1;'.1=%.*'L4)+)&=.L4BJ:*%R"1'7*)$K.*+%+"#1;'.1=%.*'L4)+)&=.L4B
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<"+"=1

'@*%#1'V

AERIAL ARCHAEOLOGY – 21ST CENTURY

!! F1$'21/2%/&'#19%312F1$'21/2%/&'#19%312

oo S%&%+.*'3.-1=.2'72+%**'./#'9%#1);S%&%+.*'3.-1=.2'72+%**'./#'9%#1);

oo WBL1=2L13+=.*WBL1=2L13+=.*'21/2)=2'21/2)=2

oo !%S>?!%S>?

oo @.+1**%+1'21/2)=2'7X'DYZ'-'0@S;@.+1**%+1'21/2)=2'7X'DYZ'-'0@S;

!! >*+1=/.+%91'.3R"%2%+%)/'['L=)3122%/&'.LL=).3412>*+1=/.+%91'.3R"%2%+%)/'['L=)3122%/&'.LL=).3412

oo @+=%L'\B%/&'K'+)+.*'3)91=.&1'7@+=%L'\B%/&'K'+)+.*'3)91=.&1'7!%S>?!%S>?G'?>S>?G'4BL1=2L13+=.*G'91=+%3.*2;G'?>S>?G'4BL1=2L13+=.*G'91=+%3.*2;

.3+%91'.=34.1)*)&%3.*'=13)//.%22./31'.3+%91'.=34.1)*)&%3.*'=13)//.%22./31'""')'):21=91='#%=13+1#:21=91='#%=13+1#

oo S=)/12')='?MA'\B%/&'#19%312S=)/12')='?MA'\B%/&'#19%312

oo S%&%+.*'8-.&1']=)3122%/&'7@<TG'."+)KS%&%+.*'8-.&1']=)3122%/&'7@<TG'."+)K)=+4)=13+%^3.+%)/)=+4)=13+%^3.+%)/;;

''''''''''''IPL1/2%91''''''''''''IPL1/2%91

!%S>?!%S>?
WBL1=2L13+=.*WBL1=2L13+=.*

W?'W?'2.+1**%+12.+1**%+1''%-.&1=B%-.&1=B

S%&%+.*'S%&%+.*'@+%**@+%**''A.-1=.2A.-1=.2'7'7S@A2S@A2;;
?MA'?MA'\B%/&\B%/&''#19%312#19%312
S%&%+.*'%-.&1'L=)3122%/&'S%&%+.*'%-.&1'L=)3122%/&'

701/1=.**B'>_)=#.:*1'5)='>=34.1)*)&%2+2;0><>

>1=%.*
.=34.1)*)&B
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AERIAL ARCHAEOLOGY – FEATURES

!! A=)L'-.=N2A=)L'-.=N2

oo ])2%+%91])2%+%91

oo F1&.+%91F1&.+%91

!! @)%*'-.=N2@)%*'-.=N2

!! @4.#)$'-.=N2@4.#)$'-.=N2

!! @/)$'-.=N2@/)$'-.=N2

!! `.+1='-.=N2`.+1='-.=N2

!! U%2%:*1'-.+1=%.*'=1-.%/2U%2%:*1'-.+1=%.*'=1-.%/2

""'%/#%=13+'%/#%3.+%)/')5'L)22%:*1'.=34.1)*)&%3.*'=1-.%/2'%/#%=13+'%/#%3.+%)/')5'L)22%:*1'.=34.1)*)&%3.*'=1-.%/2

""''!"#$%&'$!"#$%&'$

>1=%.*
.=34.1)*)&B

CDMEEMCDED
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THEORETICAL BACKGROUND (I)

!! 8/9%2%:*1'2L13+=.*'=.#%.+%)/8/9%2%:*1'2L13+=.*'=.#%.+%)/

!! ?13)=#%/&'-1#%.?13)=#%/&'-1#%.

oo S%&%+.*'3.-1=.2O'F1.=KS%&%+.*'3.-1=.2O'F1.=Kb*+=.U%)*1+b*+=.U%)*1+'7FbU;''7FbU;'cc'F1.=K'F1.=K8/5=.?1#8/5=.?1#'7F8?;'7F8?;

oo WBL1=2L13+=.*'21/2)=2O'9%2%:*1'WBL1=2L13+=.*'21/2)=2O'9%2%:*1'cc'F8?'F8? @)-1
+41)=B

CDMEEMCDED
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>1=%.*
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!)$K3)2+
.LL=).34

!(8
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'@*%#1'd

THEORETICAL BACKGROUND (II)

!! W1.*+4B'&=11/'91&1+.+%)/W1.*+4B'&=11/'91&1+.+%)/

oo IT'$.912'.=1'.:2)=:1#GIT'$.912'.=1'.:2)=:1#G
=1\13+1#'./#'+=./2-%++1#=1\13+1#'./#'+=./2-%++1#

oo U%2:*1U%2:*1'=./&1'''=./&1''""'L'L%&-1/+2%&-1/+2

oo ↓ ↓ .:2)=L+%9%+B.:2)=L+%9%+B')5')5
34*)=)L4B**'.=)"/#'ZZD'/-34*)=)L4B**'.=)"/#'ZZD'/-
""'&'&=11/=11/

oo F8?'F8?'""'*'*1.51.5ee2'%/+1=/.*2'%/+1=/.*
31**"*.='2+="3+"=131**"*.='2+="3+"=1

oo ZD'f'F8?'91=2"2'Z'f'U8@ZD'f'F8?'91=2"2'Z'f'U8@

oo ?1#'1#&1O'1#&1':1+$11/?1#'1#&1O'1#&1':1+$11/
9%2%:*1'2L13+="-'./#'F8?9%2%:*1'2L13+="-'./#'F8?
2L13+="-2L13+="-

oo T)2+'L=)-%/1/+T)2+'L=)-%/1/+
=1\13+./31'34.=.3+1=%2+%3=1\13+./31'34.=.3+1=%2+%3

oo !.3N')5'FbU'#.+.!.3N')5'FbU'#.+.

@)-1
+41)=B
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.LL=).34

!(8

A)2+*B
.LL=).34

<"+"=1

'@*%#1'g

THEORETICAL BACKGROUND (III)

!! @+=1221#'91&1+.+%)/@+=1221#'91&1+.+%)/

oo F8?'F8?'""'*'*122'2+=.%&4+5)=$.=#122'2+=.%&4+5)=$.=#

oo >*+1=1#'%/+1=/.*'2+="3+"=1'./#M)='$.+1='3)/+1/+>*+1=1#'%/+1=/.*'2+="3+"=1'./#M)='$.+1='3)/+1/+

oo 24)=+K+1=-G'.3"+1'2+=122O'24)=+K+1=-G'.3"+1'2+=122O'↑ ↑ F8?'=1\13+./31F8?'=1\13+./31

oo 34=)/%3'2+=122O'F8?'=1\13+./31'34=)/%3'2+=122O'F8?'=1\13+./31'↓↓

oo ?1#'1#&1?1#'1#&1""'-)2+'3)/2%2+1/+'2+=122'=12L)/21'-)2+'3)/2%2+1/+'2+=122'=12L)/21

Wavelen gth l (nm )
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stressed

Wavelen gth l (nm )

400 450 500 550 600 650 700 750

50
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6

2

0

4

800 850

8

hea lthy

stressed

oo J5+1/'%&/)=1#J5+1/'%&/)=1#

oo I.=*B'#1+13+%)/')5'L*./+I.=*B'#1+13+%)/')5'L*./+
2+=122'72+=122'7!()"%"'*'!()"%"'*';;

oo =1\13+./31'=12L)/21'+)=1\13+./31'=12L)/21'+)
.3"+1'L*./+'2+=122'-)=1.3"+1'L*./+'2+=122'-)=1
3)/2%2+1/+'%/'+41'9%2%:*13)/2%2+1/+'%/'+41'9%2%:*1
2L13+="-2L13+="-

oo FbUhFbUh
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+41)=B

CDMEEMCDED



>**'=%&4+2'=121=91#

H'CDED'&II9II

J91=9%1$

>1=%.*
.=34.1)*)&B

A)/3*"2%)/

@)-1
+41)=B

!)$K3)2+
.LL=).34

!(8

A)2+*B
.LL=).34

<"+"=1

'@*%#1'i

APPROACH 1 – TOOLS

!! S%&%+.*'2+%**'3.-1=.2S%&%+.*'2+%**'3.-1=.2

oo @%*%3)/'21/2)=@%*%3)/'21/2)=

oo @1/2%+%91'+)'FbUG'9%2%:*1G'./#'F8?@1/2%+%91'+)'FbUG'9%2%:*1G'./#'F8?

oo FbUKF8?':*)3N'^*+1=')/'+41'21/2)=FbUKF8?':*)3N'^*+1=')/'+41'21/2)=

oo ?1-)91'^*+1=?1-)91'^*+1=

oo F1$'^*+1='%/'5=)/+')5'+41'21/2)=F1$'^*+1='%/'5=)/+')5'+41'21/2)=
!)$K3)2+
.LL=).34
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APPROACH 1 – DATA ACQUISITION

!! ?>`?>`

oo T)2+'L=%2+%/1'21/2)='#.+.T)2+'L=%2+%/1'21/2)='#.+.

oo j]I0')='68<<'j]I0')='68<<'""'23%1/+%^3.**B'"/k"2+%^.:*1'23%1/+%^3.**B'"/k"2+%^.:*1

!! 6$)'7*.+1='+4=11;'S@A26$)'7*.+1='+4=11;'S@A2

oo @%-"*+./1)"2*B')L1=.+1#@%-"*+./1)"2*B')L1=.+1#

oo A)-L.=%2)/'$%+4'9%2%:*1A)-L.=%2)/'$%+4'9%2%:*1

oo S))=*122S))=*122'.%=3=.5+'.%=3=.5+

oo W1*%N%+1W1*%N%+1'>1=%.*']4)+)&=.L4B'>1=%.*']4)+)&=.L4B

!)$K3)2+
.LL=).34
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APPROACH 1 – NEAR-INFRARED (I)

!! U%2%:*1'91=2"2'L"=1'F8?U%2%:*1'91=2"2'L"=1'F8?

!! F1&.+%91'3=)L'-.=N2F1&.+%91'3=)L'-.=N2

oo +()"%"'*'+()"%"'*'''""'#%l3"*+'#%l3"*+

oo !)/&K+1=-'2+=122'!)/&K+1=-'2+=122'""':1++1=':1++1=

oo !)$K#1/2%+B'91&1+.+%)/!)$K#1/2%+B'91&1+.+%)/

!! ])2%+%91'3=)L'-.=N2])2%+%91'3=)L'-.=N2

!! S%22%-%*.=%+%12S%22%-%*.=%+%12

!)$K3)2+
.LL=).34
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APPROACH 1 – NEAR-INFRARED (II)
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APPROACH 1 – RED EDGE

!! (12+'=12"*+2O'?(12+'=12"*+2O'?dDD'dDD'M'?M'?gDDgDD

!)$K3)2+
.LL=).34

CDMEEMCDED
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.LL=).34
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APPROACH 1 – NEAR-ULTRAVIOLET (I)

!! @+=.%&4+5)=$.=#'?1#'1#&1'['F8?'.1=%.*'%-.&%/&@+=.%&4+5)=$.=#'?1#'1#&1'['F8?'.1=%.*'%-.&%/&

oo >1=)L*./1'm'S@A'm'*1/2'7./B;'m'^*+1=>1=)L*./1'm'S@A'm'*1/2'7./B;'m'^*+1=

!! ]=):*1-.+%3'FbU'L4)+)&=.L4B]=):*1-.+%3'FbU'L4)+)&=.L4B

oo @-.**'.-)"/+')5'+1==12+=%.*'FbU'7),)/1'*.B1=;@-.**'.-)"/+')5'+1==12+=%.*'FbU'7),)/1'*.B1=;

oo ?.B*1%&4'23.++1=%/&'74.,1G'=1#"31#'24.=L/122;'?.B*1%&4'23.++1=%/&'74.,1G'=1#"31#'24.=L/122;'""'*)$'.*+%+"#1'%-.&%/&'*)$'.*+%+"#1'%-.&%/&

oo !)$'=1\13+./31'7X'Z'f;!)$'=1\13+./31'7X'Z'f;

oo !)$'S@A'21/2%+%9%+B!)$'S@A'21/2%+%9%+B

oo 0*.22'2191=1*B':*)3N2'FbU0*.22'2191=1*B':*)3N2'FbU

!! A)/21R"1/312A)/21R"1/312

oo ?.=1*B'1-L*)B1#'7)%*'2L%**'#1+13+%)/;?.=1*B'1-L*)B1#'7)%*'2L%**'#1+13+%)/;

oo F191='"21#'$%+4'.1=%.*'S@A2F191='"21#'$%+4'.1=%.*'S@A2

oo F191='"21#'%/'.1=%.*'.=34.1)*)&B'F191='"21#'%/'.1=%.*'.=34.1)*)&B'""'=12"*+hhh'=12"*+hhh

!! @)*"+%)/2@)*"+%)/2

oo S@A'm'91=B')*#G'2%-L*1'*1/2'm'.2+=)/)-%3.*'^*+1=S@A'm'91=B')*#G'2%-L*1'*1/2'm'.2+=)/)-%3.*'^*+1=

oo U1=B'2+.:*1'.1=%.*'L*.+5)=-'U1=B'2+.:*1'.1=%.*'L*.+5)=-'""''W1*%N%+1W1*%N%+1

!)$K3)2+
.LL=).34
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APPROACH 1 – NEAR-ULTRAVIOLET (II)

!! A=)L'-.=N2A=)L'-.=N2

oo U%2%:*1G':"+'/)+':1++1=U%2%:*1G':"+'/)+':1++1=

oo @)%*'%/2+1.#')5'3=)L'2+=122@)%*'%/2+1.#')5'3=)L'2+=122

!! @)%*'T.=N2@)%*'T.=N2

oo 8/3=1.21'%/'2)%*'3)/+=.2+8/3=1.21'%/'2)%*'3)/+=.2+

oo 8/3=1.21#'=12)*9%/&'L)$1=8/3=1.21#'=12)*9%/&'L)$1=

oo >=34.1)*)&%3.*'L)+1/+%.*>=34.1)*)&%3.*'L)+1/+%.*
!)$K3)2+
.LL=).34
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>1=%.*
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!)$K3)2+
.LL=).34

!(8

A)2+*B
.LL=).34

<"+"=1

'@*%#1'Ea

LBI

!! !(8'5)='>=34.1)*)&%3.*']=)2L13+%)/'['U%=+".*'>=34.1)*)&B!(8'5)='>=34.1)*)&%3.*']=)2L13+%)/'['U%=+".*'>=34.1)*)&B

oo >%=K'./#'2L.31:)=/1'=1-)+1'21/2%/&>%=K'./#'2L.31:)=/1'=1-)+1'21/2%/&

oo 0=)"/#K:.21#'=1-)+1'21/2%/&0=)"/#K:.21#'=1-)+1'21/2%/&

oo S.+.'%/+1&=.+%)/G'08@K./.*B212'./#'U?S.+.'%/+1&=.+%)/G'08@K./.*B212'./#'U?

!! !(8']!'E'KQ'!(8']!'E'KQ'N1BN1B'.=1.2'.=1.2

oo !%S>?!%S>?

oo >1=%.*>1=%.*''=13)//.%22./31=13)//.%22./31

oo 8-.&%/&'2L13+=)23)LB8-.&%/&'2L13+=)23)LB !(8
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APPROACH 2 – IMAGING SPECTROSCOPY (I)

!! 8-.&%/&'2L13+=)23)LB8-.&%/&'2L13+=)23)LB

oo 44BL1=2L13+=.*'%-.&%/&BL1=2L13+=.*'%-.&%/&

oo 2L13+=)23)L%3'=1-)+1'21/2%/&2L13+=)23)L%3'=1-)+1'21/2%/&

oo %%-.&%/&'2L13+=)-1+=B-.&%/&'2L13+=)-1+=B

!! ]=%/3%L*1]=%/3%L*1

oo A)/91/+%)/.*'%-.&1A)/91/+%)/.*'%-.&1

# Q':=).#':./#2

# QS'#.+.3":1

'''C'2L.+%.*'#%-1/2%)/2O'n'K'o

'''E'2L13+=.*'#%-1/2%)/O'p

oo IP+1/#'+4%2'3)/31L+'5)='p'.P%2IP+1/#'+4%2'3)/31L+'5)='p'.P%2

# q'EDD':./#2

# :./#$%#+4'r'51$'/./)-1+1=2

# 2L13+=.**B'3)/+%&")"2':./#2

oo 1.34'%-.&1'r'=1\13+./31'%/'2L13%^3':./#'71Y&Y'agD'K'aiD'/-s'aiD'K'dDD'/-;1.34'%-.&1'r'=1\13+./31'%/'2L13%^3':./#'71Y&Y'agD'K'aiD'/-s'aiD'K'dDD'/-;

oo .'.'3)-L*1+1'=1\13+./31'3)-L*1+1'=1\13+./31'2L13+="-'M'L%P1*'2L13+="-'M'L%P1*'""''!"#$%&'()!*+,'%-&#!"#$%&'()!*+,'%-&#
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J91=9%1$

>1=%.*
.=34.1)*)&B

A)/3*"2%)/

@)-1
+41)=B

!)$K3)2+
.LL=).34

!(8

A)2+*B
.LL=).34

<"+"=1

'@*%#1'Eg

APPROACH 2 – IMAGING SPECTROSCOPY (II)

!! ]=):*1-2]=):*1-2

oo >=34.1)*)&%3.*'#.+.'.3R"%2%+%)/>=34.1)*)&%3.*'#.+.'.3R"%2%+%)/

# $41/h

# 4)$'-./B':./#2h

# 2L13+=.*'=12)*"+%)/'7<`WT;

# 2L.+%.*'=12)*"+%)/'70@S;

oo >=34.1)*)&%3.*'#.+.'L=)3122%/&>=34.1)*)&%3.*'#.+.'L=)3122%/&

# $4%34':./#2h

# %/#%312h

!! !(8'.LL=).34!(8'.LL=).34

oo 8/+1/2%91'2L13+=.*'2.-L*%/&'L=)&=.--18/+1/2%91'2L13+=.*'2.-L*%/&'L=)&=.--1

oo S.+.'21+2'$%+4'2-.**'0@S''7%Y1Y'2-.**'*%-%+')5'=12)*"+%)/;S.+.'21+2'$%+4'2-.**'0@S''7%Y1Y'2-.**'*%-%+')5'=12)*"+%)/;
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APPROACH 2 – SAMPLING PROGRAMME

!! A=1.+1'.'2L13+=.*'*%:=.=BA=1.+1'.'2L13+=.*'*%:=.=B

!! A)**13+%)/'2L13+=.*'2%&/.+"=12A)**13+%)/'2L13+=.*'2%&/.+"=12

oo @)%*2@)%*2'[''['L*./+2L*./+2

oo >=34.1)*)&%3.**B'%/\"1/31#'./#'"/+)"341#>=34.1)*)&%3.**B'%/\"1/31#'./#'"/+)"341#

oo t'3)/#%+%)/2t'3)/#%+%)/2

oo t'21.2)/2t'21.2)/2

oo bU'7u;'+)'F8?bU'7u;'+)'F8?
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APPROACH 2 – SAMPLING PROGRAMME
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H'CDED'&II9II

J91=9%1$

>1=%.*
.=34.1)*)&B

A)/3*"2%)/

@)-1
+41)=B

!)$K3)2+
.LL=).34
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A)2+*B
.LL=).34

<"+"=1
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APPROACH 2 – SAMPLING PROGRAMME

!! A=1.+1'.'2L13+=.*'*%:=.=BA=1.+1'.'2L13+=.*'*%:=.=B

!! A)**13+%)/'2L13+=.*'2%&/.+"=12A)**13+%)/'2L13+=.*'2%&/.+"=12

oo @)%*2@)%*2'[''['L*./+2L*./+2

oo >=34.1)*)&%3.**B'%/\"1/31#'./#'"/+)"341#>=34.1)*)&%3.**B'%/\"1/31#'./#'"/+)"341#

oo t'3)/#%+%)/2t'3)/#%+%)/2

oo t'21.2)/2t'21.2)/2

!! >%->%-

oo 0"%#1'+41'#.+.'.3R"%2%+%)/0"%#1'+41'#.+.'.3R"%2%+%)/

oo 0"%#1'+41'L=)3122%/&0"%#1'+41'L=)3122%/&

oo >**)$'+)'3"2+)-*B':"%*#'S@A2>**)$'+)'3"2+)-*B':"%*#'S@A2

oo 61**'2)-1+4%/&'.:)"+'+41'b*+=.U%)*1+'7CZD'/-'61**'2)-1+4%/&'.:)"+'+41'b*+=.U%)*1+'7CZD'/-'cc'VDD'/-;'VDD'/-;
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APPROACH 2 – SUFFICIENT GSD (I)

!! A)/91/+%)/.*A)/91/+%)/.*

oo 0@SO'C'+)'Q'-0@SO'C'+)'Q'-

oo 8/2"l3%1/+'5)='.=34.1)*)&B8/2"l3%1/+'5)='.=34.1)*)&B

!! !(8!(8

oo 0@S'X'ZD'3-0@S'X'ZD'3-

oo \B%/&'.*+%+"#1'%2'*)$'1/)"&4\B%/&'.*+%+"#1'%2'*)$'1/)"&4

oo 2"%+.:*1'#1+13+)=2"%+.:*1'#1+13+)=

# ./&"*.='=12)*9%/&'L)$1='%2'4%&4

# 5.2+'%/+1&=.+%)/'+%-1

# 4%&4'@F?
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APPROACH 2 – SUFFICIENT GSD (II)
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APPROACH 2 – SUFFICIENT GSD (III)
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FUTURE

!! WBL1=2L13+=.*WBL1=2L13+=.*

oo 01)=151=1/3%/&01)=151=1/3%/&

oo ?.#%)-1+=%3'3.*%:=.+%)/?.#%)-1+=%3'3.*%:=.+%)/

oo >!@'m'>W@'5"2%)/>!@'m'>W@'5"2%)/

!! A)/91/+%)/.*'.1=%.*'=13)//.%22./31A)/91/+%)/.*'.1=%.*'=13)//.%22./31

oo <"=+41='#191*)L'S@A2<"=+41='#191*)L'S@A2

oo 7@1-%K;."+)-.+%3'7@1-%K;."+)-.+%3'&1)=151=1/3%/&&1)=151=1/3%/&

oo SS=)/1'-.LL%/&=)/1'-.LL%/&

oo >>"+)-.+%3'QS'1P+=.3+%)/"+)-.+%3'QS'1P+=.3+%)/
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CONCLUSION

!! F1$'21/2)=2'./#'%-.&1'.3R"%2%+%)/'L*.+5)=-2F1$'21/2)=2'./#'%-.&1'.3R"%2%+%)/'L*.+5)=-2

!! 8/3=1.2%/&8/3=1.2%/&

oo 2L.+%.*'=12)*"+%)/'7-1+1='*191*'2L.+%.*'=12)*"+%)/'7-1+1='*191*'""'3-'*191*;'3-'*191*;

oo +1-L)=.*'=12)*"+%)/'7$11N2'+1-L)=.*'=12)*"+%)/'7$11N2'""'#.B2')='4)"=2;'#.B2')='4)"=2;

oo 2L13+=.*'=12)*"+%)/'72L13+=.*'=12)*"+%)/'7:=).#':./#2':=).#':./#2'""'51$''51$'/./)-1+1=2/./)-1+1=2;;

oo 2L13+=.*'=./&1'2L13+=.*'=./&1'""'9%2%:*1'+)'%/9%2%:*1'9%2%:*1'+)'%/9%2%:*1

!! A)-L"+1='L)$1='./#'.*&)=%+4-2A)-L"+1='L)$1='./#'.*&)=%+4-2

oo L=)3122'9.2+'#.+.21+2L=)3122'9.2+'#.+.21+2

oo /1$'$.B2')5'./.*B2%2/1$'$.B2')5'./.*B2%2

!! !)$'3)2+'Xq'vvvw!)$'3)2+'Xq'vvvw

!! CECE2+2+'31/+"=B''31/+"=B'""'+))*2'['-1+4)#2'+))*2'['-1+4)#2

!"#$%!!&'()*+),-()%.&.-/-,!&-)&%+#-%.&%#'0%+(.(12!"#$%!!&'()*+),-()%.&.-/-,!&-)&%+#-%.&%#'0%+(.(12 A)/3*"2%)/
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