
�

81&219(17,21$/��9,6,21��6(16256�

6KUHH .��1D\DU

&RPSXWHU��6FLHQFH��'HSDUWPHQW
&ROXPELD��8QLYHUVLW\

6SRQVRUV�

16)����215��085,����'$53$��

3DFNDUG��)RXQGDWLRQ

$&0��6,**5$3+��������&RXUVH��1RWHV

'HSWK��6HQVRUV

'HSWK��IURP��)RFXV��DQG��'HIRFXV�� �1D\DU���:DWDQDEH���1RJXFKL�����

3HUIRUPDQFH�������[�����'HSWK�PDS�DW�����IUDPHV�SHU��VHF�

$&0��6,**5$3+��������&RXUVH��1RWHV



�

'LIIHUHQW��$SSURDFKHV

&DWDGLRSWULF� ,PDJLQJ �)LVK��(\H��/HQV �

([DPSOHV���5HHV�����5RVHQGDKO ����&KDUOHV����
1D\DU ���� <DJL ������+RQJ�����3RZHOO�����
<DPD]DZD ���� %RJQHU ���� 1DOZD ����1D\DU ������
&KDKO 	�6ULQLYDVDQ���

([DPSOHV���:RRG�������0L\DPRWR�����+DOO�����
=LPPHUPDQ������3RHOVWUD����� .XEDQ HW�DO����

$&0��6,**5$3+��������&RXUVH��1RWHV

6LQJOH��9LHZSRLQW��,PDJLQJ��6\VWHP

,PDJH��'HWHFWRU

9LHZSRLQW

$&0��6,**5$3+��������&RXUVH��1RWHV



�

6LQJOH��9LHZSRLQW��2PQLGLUHFWLRQDO� ,PDJLQJ

SHUVSHFWLYH

SDQRUDPD

$&0��6,**5$3+��������&RXUVH��1RWHV

6LQJOH��0LUURU��6\VWHPV����3UREOHP��)RUPXODWLRQ

YLHZSRLQW

SLQKROH

QRUPDO

LPDJH�SODQH

0LUURU��]�U�

θ

]

U

β

α

VFHQH�SRLQW

5HIOHFWLQJ��0LUURU�3RLQW��

r

z=θtan

r

zc )(
tan

−=α

3HUVSHFWLYH��3URMHFWLRQ��

βtan−=
dr

dz

/RFDO��0LUURU��6ORSH��

θαβ −=2

6SHFXODU� 5HIOHFWLRQ��

F

���%DNHU�	�1D\DU�����

$&0��6,**5$3+��������&RXUVH��1RWHV



�

6LQJOH��0LUURU��6\VWHPV����6ROXWLRQ

4XDGUDWLF��)LUVW�� 2UGHU��'LIIHUHQWLDO��(TXDWLRQ��

222

)2(

1

2

zczr

rzc

dr

dz
dr

dz

−+
−=






−

−

)0(
4

2

2
1

2

)2(
2

4
1

22

22
2

2

2
2

2

>




 −=





+−





 −

≥




 −=





 −−





 −

k
ck

k

c
r

c
z

k
k

kck
r

c
z

&RPSOHWH��&ODVV��RI��6LQJOH��9LHZSRLQW��0LUURUV��

$&0��6,**5$3+��������&RXUVH��1RWHV

SHUVSHFWLYH
OHQV

VFHQH�SRLQW

IDU��IRFXV

QHDU��IRFXV

K\SHUERORLG

LPDJH�SODQH

6LQJOH��0LUURU��6\VWHPV

�5HHV������<DPD]DZD ���

$&0��6,**5$3+��������&RXUVH��1RWHV



�

VFHQH�SRLQW

IRFXV
SDUDERORLG

LPDJH�SODQH

WHOHFHQWULF
OHQV

6LQJOH��0LUURU��6\VWHPV

�1D\DU�����

$&0��6,**5$3+��������&RXUVH��1RWHV

)OH[LELOLW\��5HVROXWLRQ��YV���)29)OH[LELOLW\��5HVROXWLRQ��YV���)29

6\VWHP6\VWHP

,PDJH,PDJH

)LHOG��RI��9LHZ)LHOG��RI��9LHZ ������ ������
$&0��6,**5$3+��������&RXUVH��1RWHV



�

2QH6KRW E\��5HPRWH5HDOLW\

0HJDSL[HO ������[������
�����GHJUHH��VWLOO��FDPHUD

$&0��6,**5$3+��������&RXUVH��1RWHV

$&0��6,**5$3+��������&RXUVH��1RWHV



�

2SWLFDO��)ROGLQJ�

$&0��6,**5$3+��������&RXUVH��1RWHV

)ROGHG��&DWDGLRSWULF� &DPHUDV���'LFWLRQDU\

+\SHUERORLG�� 3ODQH

+\SHUERORLG�� (OOLSVRLG+\SHUERORLG�� +\SHUERORLG

(OOLSVRLG�� 3ODQH

)�

)�·

3/ ���

���+<3

3 )�

)�·

3/ ���

���(//

3

)�

)����)�·
+<3 ���

���+<3

3���)�·

)�

)����)�·(// ���

���+<3

3���)�·

�1D\DU�	�3HUL����



�

)ROGHG��&DWDGLRSWULF� &DPHUDV���'LFWLRQDU\��&RQ·W�

(OLSVRLG�� (OOLSVRLG

3DUDERORLG�� 3DUDERORLG3DUDERORLG�� 3DUDERORLG

(OOLSVRLG�� +\SHUERORLG

)�

)����)�·
(// ���

���(//

3���)�·

)�

)����)�·
+<3 ���

���(//

3���)�·

���3$5

���3$5

3���)�

)�

���3$5

���3$5

3���)�
)�

(TXLYDOHQW��6LQJOH��0LUURU��6\VWHP

)�

)����)�·

3���)�·
&RQLF��&RQVWDQW�����

1k

&RQLF�&RQVWDQW����
2k

α

β

θ

θ
θα

cos)1(2

sin)1(
tan

11

1

kk

k

−+−
+=

α
αβ

cos)1(2

sin)1(
tan

22

2

kk

k

−+−
+=

&RPSUHVVLRQ��GXH��WR��3ULPDU\��0LUURU��

&RPSUHVVLRQ��GXH��WR��3ULPDU\��0LUURU��

$&0��6,**5$3+��������&RXUVH��1RWHV



�

(TXLYDOHQW��6LQJOH��0LUURU��6\VWHPV

7RWDO��&RPSUHVVLRQ��IRU�)ROGHG��6\VWHP��

&RQLF��&RQVWDQW��RI��(TXLYDOHQW��6LQJOH��0LUURU��

]cos)4)1(1(

2[

sin)1)(1(
tan

22121

212121

21

θ

θβ

kkkkk

kkkkkk

kk

−−−+−−+

−−−−−+−
++−=

2

21

21

1 










−−+
−+−

=
kk

kk
k e

$&0��6,**5$3+��������&RXUVH��1RWHV

&RPSDFW��3DQRUDPLF��&DPHUD

35,0$5<��0,5525

0,&523+21(

6(&21'$5<��
0,5525

,0$*,1*��/(16

9,'(2��&$0(5$

6,=(������&0��;�����&0

��1D\DU�	�3HUL�����

$&0��6,**5$3+��������&RXUVH��1RWHV



��

8UELH����7DFWLFDO��0RELOH��5RERW

&ROODERUDWRUV ���-3/���,6�5RERWLFV���&08���&ROXPELD���&\FOR9LVLRQ

6SRQVRU ���'$53$��705��3URMHFW

$&0��6,**5$3+��������&RXUVH��1RWHV

'HSOR\DEOH 2PQLFDPHUDV

&2//$%25$7,21���&2/80%,$� �237,&6�$1'�,0$*,1*����$1'��&08 �0(&+$1,&6��� 6&+(03)��*5283�

3$66,9(�&<&/236 $&7,9(��&<&/236

$&0��6,**5$3+��������&RXUVH��1RWHV



��

&ROXPELD�&08��&\FORSV

$&0��6,**5$3+��������&RXUVH��1RWHV

5HPRWH��&RQWUROOHG 3DUD5RYHU

� /RN 	 1D\DU ����
� %RXOW HW�DO�������

9,'(2��75$160,77(5

0,&523+21(

3$5$&$0(5$

$8',2��75$160,77(5

%$77(5<��3$&.

63($.(56

$&0��6,**5$3+��������&RXUVH��1RWHV



��

3DUD5RYHU

$&0��6,**5$3+��������&RXUVH��1RWHV

6SKHULFDO��0RVDLFV��IURP��6OLFHV

8QLW��6SKHUH��

��1D\DU��	��.DUPDUNDU� ���

6SKHULFDO��3DQRUDPD��

θ

φ[

\

] 6OLFH

θ

φ

0
180

360

0

+DOI�� 6OLFH

$&0��6,**5$3+��������&RXUVH��1RWHV



��

�����6KHHW��&DPHUDV�

,PDJH�SODQH

+DW��PLUURU
3DUDOOHO��6KHHW��5D\V

krkcz +−= ||2

3HUVSHFWLYH��/HQV��

,PDJH�SODQH

&RQLFDO��PLUURU 3DUDOOHO��6KHHW��5D\V

|| rz −=

7HOHFHQWULF��/HQV��

$&0��6,**5$3+��������&RXUVH��1RWHV

+LJK��5HVROXWLRQ��6OLFHV�

θ�

θ�

5 �

5 �

,L

θL

$&0��6,**5$3+��������&RXUVH��1RWHV



��

�����6KHHW��&DPHUD��5RWDWLRQ�

$&0��6,**5$3+��������&RXUVH��1RWHV

����[������6SKHULFDO��0RVDLF�

$&0��6,**5$3+��������&RXUVH��1RWHV



��

����[������6WHUHR��0RVDLFV

6OLFH��&DPHUD��5RWDWLRQ��

E����

�����6OLFH

E

/HIW�

/HIW�5LJKW

5LJKW

/HIW��DQG��5LJKW��9LHZV��

6WHUHR��3DQRUDPDV�
,VKLJXUR�HW�DO�������+XDQJ�DQG�+XQJ���
3HOHJ�DQG�%HQ�(]UD�����6KXP�HW�DO����

$&0��6,**5$3+��������&RXUVH��1RWHV

/HIW��3DQRUDPD

5LJKW��3DQRUDPD

$&0��6,**5$3+��������&RXUVH��1RWHV



��

6WHUHRVFRSLF��3DQRUDPD�

$&0��6,**5$3+��������&RXUVH��1RWHV

3UREOHP��RI��'\QDPLF 5DQJH

� ��ELW��,PDJHV��DQG��WKH��5HDO��:RUOG

,PDJH�,PDJH�00��

�+LJK�H[SRVXUH��+LJK�H[SRVXUH�
,PDJH�,PDJH�00��

�/RZ�H[SRVXUH��/RZ�H[SRVXUH�

� 0LWVXQDJD��	��1D\DU�����

$&0��6,**5$3+��������&RXUVH��1RWHV



��

6FHQH�5DGLDQFH�DQG�0HDVXUHG�%ULJKWQHVV

,PDJH,PDJH
)RUPDWLRQ)RUPDWLRQ

,PDJH,PDJH
([SRVXUH([SRVXUH &&'&&'

&DPHUD&DPHUD
(OHFWURQLFV(OHFWURQLFV

'LJLWL]DWLRQ'LJLWL]DWLRQ

,PDJH,PDJH
)RUPDWLRQ)RUPDWLRQ

,PDJH,PDJH
([SRVXUH([SRVXUH )LOP)LOP

)LOP)LOP
'HYHORSPHQW'HYHORSPHQW 6FDQQLQJ6FDQQLQJ

9LGHR9LGHR

3KRWR3KRWR

6FHQH6FHQH
UDGLDQFHUDGLDQFH

//

6FDOHG6FDOHG
UDGLDQFHUDGLDQFH

,,

0HDVXUHG0HDVXUHG
EULJKWQHVVEULJKWQHVV

00)(

)(
1 IfM

MfI
−=

=
)(

)(
1 IfM

MfI
−=

=OLQHDUOLQHDU

I �0����7KH�UDGLRPHWULF�UHVSRQVH�IXQFWLRQ

$&0��6,**5$3+��������&RXUVH��1RWHV

5HVSRQVH��)XQFWLRQ��IURP��,PDJHV���3UHYLRXV��:RUN

0DQQ��DQG 3LFDUG ������

� 5HVWULFWLYH��0RGHO��IRU��I��������0�� ��α  +  β   ,

� 3UHFLVHO\��.QRZQ��([SRVXUHV

γ

� *HQHUDO��0RGHO��IRU��I�����2QO\��6PRRWKQHVV��&RQVWUDLQW

� 3UHFLVHO\��.QRZQ��([SRVXUHV

'HEHYHF DQG 0DOLN ������

*RDO����5RXJK��([SRVXUH��5DWLRV��DQG��1RLV\��,PDJHV

$&0��6,**5$3+��������&RXUVH��1RWHV



��

5HVSRQVH��)XQFWLRQ���*HQHUDO��&KDUDFWHULVWLFV�

6RPH��3RSXODU��,PDJLQJ��6\VWHPV��

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

s

KODAK VISION 250D (FILM)
FUJICOLOR F64D (FILM)
FUJICHROME VELVIA (FILM)
AGFACHROME RSX200 (FILM)
CANON OPTURA (VIDEO)
SONY DXC950 (γ  = 1) (VIDEO),

0

� I���LV���VHPL�PRQRWRQLF
� I���LV��VPRRWK

+LJK��2UGHU��3RO\QRPLDO��

∑
=

==
N

n

n
n McMfI

0

)(

6FHQH��5DGLDQFH ,PDJH��%ULJKWQHVV

$&0��6,**5$3+��������&RXUVH��1RWHV

6HOI��&DOLEUDWLRQ�$OJRULWKP�

,PDJHV��T  �����«�4
3L[HOV��S  �������«��3

5DGLDQFH��5DWLR������������������������������������������������� �H[SRVXUH��UDWLR�1,
1,

,

1,

,

)(

)(
+

++

== qq
qp

qp

qp

qp R
Mf

Mf

I

I

1,

0 1,

0 ,
+

= +

= =
∑
∑

qqN

n

n
qpn

N

n

n
qpn

R
Mc

Mc
8VLQJ��3RO\QRPLDO��0RGHO��

�0LWVXQDJD DQG�1D\DU����

,WHUDWLYH�$OJRULWKP�����UDWLRV� FRHII F Q1, +qqR

21

1 1 0 0
1,1,,∑∑ ∑ ∑

−

= = = =
++ 



 −=

Q

q

P

p

N

n

N

n

n
qpnqq

n
qpn McRMcε2EMHFWLYH��)XQFWLRQ���



��

6HOI��&DOLEUDWLRQ�$OJRULWKP�� )ORZ &KDUW�

Estimate I�0�

Converged?

START

END

T

Update { 5T�T�� `
F

Initialize ^5T�T��`

$&0��6,**5$3+��������&RXUVH��1RWHV

�����7HVWV��ZLWK��1RLV\��6\QWKHWLF��,PDJHV�

6ROLG����&RPSXWHG��5HVSRQVH��)XQFWLRQ
'RWV�����$FWXDO��5HVSRQVH )XQFWLRQ

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

,

0

$FWXDO��([SRVXUH��5DWLRV�������������5���������
,QLWLDO��5DWLR��*XHVV����5�� �����

$&0��6,**5$3+��������&RXUVH��1RWHV



��

5HVXOWV���$GREH�5RRP

,,

&DSWXUHG��LPDJHV&DSWXUHG��LPDJHV

&RPSXWHG��UHVSRQVH��IXQFWLRQ&RPSXWHG��UHVSRQVH��IXQFWLRQ &RPSXWHG��UDGLDQFH��LPDJH&RPSXWHG��UDGLDQFH��LPDJH

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1
00

$&0��6,**5$3+��������&RXUVH��1RWHV

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

5HVXOWV���7DRV�&OD\�2YHQ�

&DSWXUHG��LPDJHV&DSWXUHG��LPDJHV

&RPSXWHG��UHVSRQVH��IXQFWLRQ&RPSXWHG��UHVSRQVH��IXQFWLRQ &RPSXWHG��UDGLDQFH��LPDJH&RPSXWHG��UDGLDQFH��LPDJH

,,

00

$&0��6,**5$3+��������&RXUVH��1RWHV



��

+LJK�'\QDPLF�5DQJH�IURP�6LQJOH�,PDJH

� 6SDWLDOO\�9DULHG�([SRVXUH��69(��&DPHUD

Image Image 
processingprocessing

High DHigh D--rangerange
imageimage

Low DLow D--rangerange
SensorSensor

MaskMask

IncidentIncident
lightlight

Mask  PatternMask  Pattern

4 different4 different
exposuresexposures

� 1D\DU 	�0LWVXQDJD�����

&KDUDFWHULVWLFV

'\QDPLF��5DQJH�

*UD\��/HYHOV�

min

maxlog20
I

I
DR = 








=

min

max

min

maxlog20
e

e

I

I
DRSVE

))1()1((
1

0 1

∑
−

= −

−−−+=
K

k k

k
SVE e

e
qqRoundqQqQ =

&RQYHQWLRQDO�&DPHUD����������������������69(��&DPHUD

������GE� ���ELWV� ������GE� ����ELWV�

��� ���

����

$&0��6,**5$3+��������&RXUVH��1RWHV



��

+LJK�'\QDPLF�5DQJH�,PDJH�5HFRQVWUXFWLRQ

([SRVXUH�1RUPDOL]HG��,PDJH

$&0��6,**5$3+��������&RXUVH��1RWHV

��%LW�,PDJHV�ZLWK�'LIIHUHQW��([SRVXUHV��

([SRVXUH�����7 ([SRVXUH�����7

([SRVXUH��7 ([SRVXUH����7



��

6SDWLDOO\��9DU\LQJ��([SRVXUH���69(��,PDJH�

$&0��6,**5$3+��������&RXUVH��1RWHV

&RPSXWHG��+LJK��'\QDPLF��5DQJH�,PDJH�

$&0��6,**5$3+��������&RXUVH��1RWHV



��

6XPPDU\�

� %LJJHU��,PDJHV��DQG��&OHDUHU��,PDJHV

� *HQHUDO��$SSURDFK��

VHQVRURSWLFV FRPSXWH
QHZ��YLVXDO

LQIRUPDWLRQ

$&0��6,**5$3+��������&RXUVH��1RWHV

5HIHUHQFHV�

$&0��6,**5$3+��������&RXUVH��1RWHV

��(��+� $GHOVRQ DQG�-��5��%HUJHQ��
7KH 3OHQRSWLF )XQFWLRQ�DQG�WKH�(OHPHQWV�RI�(DUO\�9LVLRQ��
0,7�3UHVV��&DPEULGJH��0$��������

��6��%DNHU�DQG�6��.��1D\DU�
&DWDGLRSWULF ,PDJH�)RUPDWLRQ�
3URF��RI�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�&RPSXWHU�9LVLRQ��-DQXDU\�������

��6� %RJQHU��
,QWURGXFWLRQ�WR�3DQRUDPLF�,PDJLQJ�
3URF��RI�,(((�60&�&RQIHUHQFH��SDJHV������������2FWREHU�������

��-��6� &KDKO DQG�0��9� 6ULQLYDVDQ��
5HIOHFWLYH�VXUIDFHV�IRU�SDQRUDPLF�LPDJLQJ��
������������������������

��3� 'HEHYHF DQG�-� 0DOLN��
5HFRYHULQJ�+LJK�'\QDPLF�5DQJH�5DGLDQFH�0DSV�IURP�3KRWRJUDSKV�
3URF��RI�$&0�6,**5$3+�������SDJHV����������������

��-� *OXFNPDQ DQG�6��.��1D\DU�
(JRPRWLRQ DQG 2PQLGLUHFWLRQDO &DPHUDV�
3URF��RI�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�&RPSXWHU�9LVLRQ��-DQXDU\�������

��+��&��+XDQJ�DQG�<��3��+XQJ��
3DQRUDPLF�VWHUHR�LPDJLQJ�V\VWHP�ZLWK�DXWRPDWLF�GLVSDULW\�ZDUSLQJ�DQG�V HDPLQJ��
*UDSKLFDO�0RGHOV�DQG�,PDJH�3URFHVVLQJ�����������������0D\�������



��

$&0��6,**5$3+��������&RXUVH��1RWHV

��+��,VKLJXUR��+��<DPDPRWR��DQG�6��7VXML�
2PQLGLUHFWLRQDO 6WHUHR��
,(((�7UDQVDFWLRQV�RQ�3DWWHUQ�$QDO\VLV�DQG�0DFKLQH�,QWHOOLJHQFH�������������
������

��%��0DGGHQ��
([WHQGHG�,QWHQVLW\�5DQJH�,PDJLQJ��
7HFKQLFDO�5HSRUW�06�&,6��������*UDVS�/DERUDWRU\��8QLYHUVLW\�RI�3HQQV\OYDQLD�
������

���3��/� 0DQOH\��
8QXVXDO�7HOHVFRSHV��

���6��0DQQ�DQG�5� 3LFDUG��
%HLQJ�C8QGLJLWDO
 ZLWK�'LJLWDO�&DPHUDV��([WHQGLQJ�'\QDPLF�5DQJH�E\�&RPELQLQJ
'LIIHUHQWO\�([SRVHG�3LFWXUHV�
3URF��RI ,67
V ��WK�$QQXDO�&RQIHUHQFH��SDJHV����������0D\�������

���7� 0LWVXQDJD DQG�6��.��1D\DU��
5DGLRPHWULF�6HOI�&DOLEUDWLRQ��
,Q 3URF��RI�&RPSXWHU�9LVLRQ�DQG�3DWWHUQ�5HFRJQLWLRQ�
����YROXPH����SDJHV���������
-XQH�������

���.��0L\DPRWR��
)LVK�(\H�/HQV��
-RXUQDO�RI�2SWLFDO�6RFLHW\�RI�$PHULFD�������������������$XJXVW�������

$&0��6,**5$3+��������&RXUVH��1RWHV

���-��5��0XUSK\��
$SSOLFDWLRQ�RI�3DQRUDPLF�,PDJLQJ�WR�D 7HOHRSHUDWHG /XQDU�5RYHU�
3URF��RI�,(((�60&�&RQIHUHQFH��SDJHV������������2FWREHU�������

���9� 1DOZD��
$�7UXH 2PQLGLUHFWLRQDO 9LHZHU��
7HFKQLFDO�UHSRUW��%HOO�/DERUDWRULHV� +ROPGHO��1-��������8�6�$���)HEUXDU\�������

���6��.��1D\DU�
6SKHUHR��5HFRYHULQJ�GHSWK�XVLQJ�D�VLQJOH�FDPHUD�DQG�WZR VSHFXODU VSKHUHV�
3URF��RI�63,(��2SWLFV��,OOXPLQDWLRQ��DQG�,PDJH�6HQVLQJ�IRU�0DFKLQH�9LVLRQ�,,�
1RYHPEHU�������

���6��.��1D\DU�
&DWDGLRSWULF�2PQLGLUHFWLRQDO &DPHUD�
3URF��RI�,((( &RQI��RQ�&RPSXWHU�9LVLRQ�DQG�3DWWHUQ�5HFRJQLWLRQ��-XQH�������

���6��.��1D\DU�DQG�7� 0LWVXQDJD��
+LJK�'\QDPLF�5DQJH�,PDJLQJ��6SDWLDOO\�YDU\LQJ�SL[HO�H[SRVXUHV��
,Q 3URF��RI�&RPSXWHU�9LVLRQ�DQG�3DWWHUQ�5HFRJQLWLRQ�
����-XQH�������

���6��.��1D\DU�DQG�9� 3HUL��
)ROGHG &DWDGLRSWULF &DPHUDV�
3URF��RI�,(((�&RQIHUHQFH�RQ�&RPSXWHU�9LVLRQ�DQG�3DWWHUQ�5HFRJQLWLRQ� -XQH�������

���6KUHH�.��1D\DU�DQG $PUXWD�.DUPDUNDU��
����[�����PRVDLFV��
,Q 3URF��RI�&RPSXWHU�9LVLRQ�DQG�3DWWHUQ�5HFRJQLWLRQ�
����������



��

$&0��6,**5$3+��������&RXUVH��1RWHV

���6��$� 1HQH DQG�6��.��1D\DU��
6WHUHR�8VLQJ�0LUURUV�
3URF��RI�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�&RPSXWHU�9LVLRQ��-DQXDU\�������

���6� 3HOHJ DQG�0��%HQ�(]UD��
6WHUHR�3DQRUDPD�ZLWK�D�6LQJOH�&DPHUD�
3URF��RI�,(((�&RQIHUHQFH�RQ�&RPSXWHU�9LVLRQ�DQG�3DWWHUQ�5HFRJQLWLRQ� SDJHV
���������-XQH�������

���6� 3HOHJ DQG�-��+HUPDQ��
3DQRUDPLF�0RVDLFV�E\�0DQLIROG�3URMHFWLRQ�
3URF��RI�,(((�&RQIHUHQFH�RQ�&RPSXWHU�9LVLRQ�DQG�3DWWHUQ�5HFRJQLWLRQ� SDJHV
���������-XQH�������

���9� 3HUL DQG�6��.��1D\DU��
*HQHUDWLRQ�RI�3HUVSHFWLYH�DQG�3DQRUDPLF�9LGHR�IURP 2PQLGLUHFWLRQDO 9LGHR�
3URF��RI�'$53$�,PDJH�8QGHUVWDQGLQJ�:RUNVKRS��0D\�������

���'��:��5HHV��
3DQRUDPLF�7HOHYLVLRQ�9LHZLQJ�6\VWHP��
8QLWHG�6WDWHV�3DWHQW���������������$SULO�������

���+�<� 6KXP DQG�/�:HL +H��
5HQGHULQJ�ZLWK�&RQFHQWULF�0RVDLFV�
3URF��RI�$&0�6,**5$3+
����$XJXVW�������

���+�<� 6KXP��$� .DODL��DQG�6��0� 6HLW]�
2PQLYHUJHQW VWHUHR�
3URF��RI�6HYHQWK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�&RPSXWHU�9LVLRQ��SDJHV�������
6HSWHPEHU�������

$&0��6,**5$3+��������&RXUVH��1RWHV

���5� 6]HOLVNL��
,PDJH 0RVDLFLQJ IRU�7HOH�UHDOLW\�$SSOLFDWLRQV�
3URF��RI�,(((�:RUNVKRS�RQ�$SSOLFDWLRQV�RI�&RPSXWHU�9LVLRQ��SDJHV�������
'HFHPEHU�������

���$��-��3� 7KHXZLVVHQ��
6ROLG�6WDWH�,PDJLQJ�ZLWK�&KDUJH�&RXSOHG�'HYLFHV�
.OXZHU $FDGHPLF�3UHVV��%RVWRQ��������

���<� ;LRQJ DQG�.� 7XUNRZVNL��
&UHDWLQJ�,PDJH�%DVHG�95�8VLQJ�D�6HOI�&DOLEUDWLQJ )LVKH�\H /HQV�
3URF��RI�,((( &RQI��RQ�&RPSXWHU�9LVLRQ�DQG�3DWWHUQ�5HFRJQLWLRQ��-XQH�������

���<� <DJL�
2PQLGLUHFWLRQDO 6HQVLQJ�DQG�,WV�$SSOLFDWLRQV��
,(,&(�7UDQVDFWLRQV��(���'�����0DUFK�������

���<� <DJL DQG�6� .DZDWR��
3DQRUDPLF�6FHQH�$QDO\VLV�ZLWK�&RQLF�3URMHFWLRQ�
3URF��RI�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�5RERWV�DQG�6\VWHPV��,526���������

���.� <DPD]DZD��<� <DJL��DQG�0� <DFKLGD�
2PQLGLUHFWLRQDO ,PDJLQJ�ZLWK +\SHUERORLGDO 3URMHFWLRQ�
3URF��RI�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�5RERWV�DQG�6\VWHPV��,526���������

���-��<� =KHQJ DQG�6��7VXML��
3DQRUDPLF�5HSUHVHQWDWLRQ�RI�6FHQHV�IRU�5RXWH�8QGHUVWDQGLQJ�
3URF��RI�WKH�7HQWK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�3DWWHUQ�5HFRJQLWLRQ������������
-XQH�������



��

7KH��(QG�


