
Pros and Cons of the Nonlinear LUX Color Transform
for Wireless Transmission with Motion JPEG2000
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2 Proposed System
2.1 System Description
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2.2 Initialization step
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2.3 Foreground extraction
UlW-0l(+&A.167&N8�d-0;.e0�5�.167&N8�6fO�> @-6o8:>A21Rmgf>A@�03gog76o8-�p*-21&)@-go03(
� Z��{b�C{.`5;&N8:Oe6oOQ.1O'678�*-,/.e.e6o8-�:�/&N8S09>N5PWS*-67|j09g p &ATD6o(s>A�N0
I >A.�.e6o(�0 t �:&)8-0p&AT?.eW-0p.F�`&�T$&)gog7&X��6o8-��go>)@�09gDMX>Ago,-09O9t

ep =

{

1 67T p ∈ (+&XMj678-�+&N@/¬F095;.
0 67T p ∈ OQ.1>X.16o5p@�>)5Pyj�)21&),-8�d �ur)�

Cc8�&N21d/092p.e&�59>A212eR�&),/.K.eW-0S@:678:>)2eR�go>)@�09g7go6o8-���`0S,:Oe0
.F�`&_&N@:Oe0321M�>A.e6o&)8:O9b�a-&)2�0�>)5PWi*-67|j09g p �/�`0=5;&N(�*:,/.e0Nt

• .eW-0�d/67¼
0321038:530�@�0;.F�`03098§.1W-0�2e03T$0321038:530�6o(s>A�N0>A8:d�.eW:0m5;,-212e098�.`6o(s>A�)0Nt
odr(p, t) = |B(p, t) − I(p, t)| ��¥N�

• .eW-0Hd/67¼
0321038:530`@�0;.F�`03098�.F�'&pOQ,�535;0�OeOe6oM)0'T$21>)(�0�O3t

odt(p, t) = |I(p, t) − I(p, t − 1)| ��[��
U?&pv:8:d+.1W-0H(+&NOQ.I*-21&)@�>A@-go0�go>)@�09g:��67.eWs.1W-09Oe0�.F�`&=&)@/z
Oe0321MX>X.e6o&)8�O3�
�`0_53>)8�,:Oe0_.eW-0s5;&N8:d/67.e6o&)8:>)g�*-2e&N@:>A@:67go6}.FR
�u^`>�RN09O�.1W-03&N2e09(s�;b¨Cc8³&),-2�>)*-*-go6o59>X.167&N8D�l�'0�,�OQ0�d³>
go&)�N6o59>Ag�JLY�½¾6o8�&N21d-032 .e&�53&)*�0s��6}.1W�.1W-0s03(_@�0�d-d/0�d
>)215PW-67.e0�5�.1,-2e0�.1>)2e�N0;.�b

~
0=*-,/.L>�.1W-2109OeW-&)gfd θ &N8�@�&A.1W&N@:OQ092eMX>A.e6o&)8:O odr

>)8:d odt
>)8:ds.1W-038��'0p5;&N(�*:,/.e0�.eW-0

go&)�N6o59>AgKJ�YL½_bpUlW:0�(+&XM�6o8-�¦&N@/¬F095;.�.1W-2e0�OQW:&)gfd θ 6oO
d/03.e092e(+6o8-09d+>A,-.e&)(s>A.e6f53>AgogoR)�N>N5353&)2Pd/678:�L.1&K>A8+038�.12e&N*�R
@:>NOQ0�di.eW-2109OeW-&Ngod�Oe03go095;.e6o&)8Db J´(+&)21*-W-&Ng7&N�)6f53>Ag��N21>Nd/67z
098N.�v:g}.1032i6oOi>A*:*-g76o09d�.1&�6o(+*-2e&XMN0B.eW-0�@-6o8:>A21R�(s>NOQy
&N@/.1>)678-0�d�b+UlW-038D�n.eW-0S53,-212e098N.p6o(+>)�)0+6fO=5;&)(+*-2109O1Oe09d
,:Oe6o8-�³.eW:0��H��CB&)*/.167&N8´��67.eW¿>§M)0321R�g7&X��@-67.�2P>X.10
�uÀ)Z)]N]�@-*:O�T$&)2BOe678-�Ng70��=4 � 5PW:>)8-8-09gf����W-6f5PW¦Rj6709god-O
>_.e2P>A8�OQ(+6fOeOe67&N8�2P>X.10 &)T'\=6o(+�j�XO9b

2.4 Reference image updating at ground
station~

0�,�OQ0�.eW:0�O1>A(+0�Oe5PW-09(+0�>NOid-03M)09g7&N*�0�d¦6o8�� Z��=.1&
0�OF.167(s>X.10'>L2e03T$0321038:530I6o(+>)�)0h6o8m.1W-0`03(K@�09d:d/09d_d/03Mj6f5;0)b
a:&)2m0�>)5PW��)2P>A@-@�09d�T$2P>A(+0+.eW:0S@:>)5Pyj�N2e&N,-8:d�67(s>A�N0s6oO
,-*
d->A.e09dDb¨UlW:0�(+0;.eW:&jd³53&)8:Oe6fOF.POs678�.1W-0�(+&/d/09g7go678:�
&)T?09>N5PWB*-6}|/09g
.e03(+*�&)2P>AgD09M)&Ng7,/.167&N8���67.eW K �p>),:OeOe6f>A8
d/6fOQ.e2167@-,-.e6o&)8:O=� K = 3) b

2.5 Reference image updating at the re-
mote station

��8:530�.eW-0�6o8-67.e6f>Ago67q�>X.167&N8 *:W:>)Oe0�6oOn5;&)(+*-go0;.109d��9.eW:0I5;&/d/092
6fOh>A@:g70l.1&mOQ098:d_.eW-0�098N.167210�@:>N5Py��N2e&N,-8:dK67(s>A�N0)b�UlWj,:O3�
.1W-0md/0953&/d/032�53>)8B2e0�5;&)8�OF.12e,:5;.'.1W-0pv:8:>)g�67(s>)�)0)b
J`. .eW-0s53&jd-032pOQ6fd/0)�D.eW-0�2e03T$0321038:530K6o(s>A�)0�6fO�,:*�d->A.e0�d
T$&N2S09>N5PW�T$2P>A(+0�>N5353&)2Pd/678:��.1&�>��p>),:OeOe6f>A8 � 67|�.1,-210� &/d/09gI�u� ��� ��b�UlW-0=,-*
d->X.1678-�s&)T?.1W-0m210;T$092e098:5;0p6o(_z
>)�)0�>X.�.1W-0Hd/0953&/d/032H�u�H��CQ��OeW-&),:god�@�0Ld/&)8:0`2103�N,-gf>A21g7RNb



UlW-0�@:>)Oe6o5�.e095PW:8-6o»�,-0LT$&)2',-*�d:>X.e6o8-�K.eW-0 �H��C�6fOI@:>NOQ0�d
&)8¦.eW-0�.e2P>A8:Oe(+6oO1OQ6o&)8³&)Tp.eW-0��H��C+.1&X�`>)21d-Os.eW-0�d/0;z
5;&/d/092'��67.eW:678i>KOe*�0�5;67v�5L*�03216o&jdD�NT$&N2'03|->A(+*-go0L03MN0321R_[
Oe095;&N8:d-O_&)2+03MN0321R�\�]�6o(s>A�N09O_g76oy)0i678�� ¥A� b�UlW:0B�L��C
(K,�OF.�@�0�53&/d/09d���6}.1W�8:&��H��CS&N*/.e6o&)8¨>A8:d§��6}.1W�>
(+&/d/032P>X.10L@-67.`2P>X.10�53&)(+*-2109O1OQ6o&)8Db?Cc8�&N,-2`OeR/OF.103(B��.eW-0
.e2P>A8�OQ(+6fOeOe67&N8m&AT:.eW-0l5;&N(�*:g703.e0l�H��CD�`&),-gfdKOego&X��d/&X��8
.eW:0m&XM)0921>)g7g�.e2P>A8�OQ(+6fOeOe67&N8�2P>X.10)b'a:&)2�&N,-2L>A*:*-g76f53>A.e6o&)8D�
6o(+>)�)0�.e2P>A8�OQ(+6fOeOe67&N8�OeW-&),:god�@�0Sd/&)8-0s>A.K>�2P>X.10+&AT�\
6o(��/�XOs>A.Sg70�>)OQ.9�l��W-6og70�,:Oe6o8-��>�OQ6o8-�Ng70i.e2P>A8�OQ(+6fOeOe67&N8
5PW:>)8-8-03g bªUlW-0�53&)(+*-go0;.e0��H��C�,-*
d->X.10�.P>AyN09Oi(+&)210
.eW�>A8¦[�OQ0�5;&)8�d-O3bºUlW-6fO�gf>X.1038:53R�6fO�8-&A.B>)535303*/.P>A@-go0)b
Cc8B&)2Pd/032`.1&sy)0309*�.1W-0=6o(+>)�)0 .e2P>A8�OQ(+6fOeOe67&N8�2P>X.10=5;go&NOe0
.e&�\K6o(+�j�XO9���'0_*-2e&N*�&�OQ0_>s8-03�¿,-*�d:>X.e6o8-��.e095PW:8-6o»�,-0
&ATn.eW-0=�H��C'@jRs*-670�5;0�O3b�Cc8�.eW-6fOlOe5PW-09(+0)��.eW-0=�H�HCI��6og7g
@�0m5;&/d/09digo67yN0p.eW-0=(+&).e6o&)8i67(s>A�N0p��6}.1W�>��H��C`(s>)Oey�b~
0 W�>�M)0p5PW-&NOe038i>_O1»�,:>A210�*�>X.Q.103218�6o8�&N21d-032`.e&�@-,-6ogod

.eW:0��H��C�(s>)Oey
b�UlW-0s6o8/T$&N2e(s>X.167&N8�678�.1W-6oO_>A2109>i��6og7g
@�0p53&/d/09d�>A8:d�OQ098N.`.e&_.eW:0 d/0�5;&/d/092'T$&N2I.1W-0p,-*
d->X.1678-�
&AT�.eW:0 @�>)5Pyj�)21&),-8�dS6o(+>)�)0s��a�6o�:b�rN��b

a�6o�),-210mr/t��H��C`,-*
d->X.1678:�SOF.121>A.e03�NR)b

2.5.1 Regions to be updated
UlW-0_@:>)5Pyj�)21&),:8:di67(s>A�N0m6fOL5;&N(+*�&�OQ0�d�&AT Nb @:g7&/5Py/O3bkI>N5PW�@-go&/5Pys��67gogD@�0p,:OQ0�d�>NO�>A8B�H��Ch(s>)Oey�b�Cc8i&)2Pd/032
.e&�6o(�*:2e&XMN0�.1W-0B0;¹S5;6o038:53R�&AT�.eW-6fO+OF.121>A.e03�NR)�h�`0Bd/0;z
v:8-0+>s*:>)21>)(+0;.e092 qc T$&N2L0�>)5PW�>)2e0�>-b qc 2e09*-2e0�OQ098�.1OH>8-&N8+»�,:>)g767.FR_53&j0;¹S5;6o038�.h5;&N2e2109Oe*�&N8:d/6o8-� .e&p.1W-0�678:6}.16o>)g}z
6oq9>X.167&N8�*:W:>)Oe0��$@:>N5Py��N2e&N,-8:d�6o(s>A�N0+532e0�>X.167&N8��H&N2p.eW-0
� ��� @:>N5Py��N2e&N,-8:d�09OQ.e6o(+>A.e6o&)8Db qci

� 0 ≤ qci ≤ 1 �I6fO,:Oe09d¦.e&�53&)(+*-,/.10�>�2e03T$2e0�OQW:678-��*-2167&N2e67.FR�T$&N2�2103�N67&N8
i b�UlW-0�2e09�)6o&)8���6}.1W�.1W-0�W-6o�)W-0�OF.�*:2e6o&)216}.FR³��6ogogm@�0
,-*
d->X.109d�v:2POF.�b

2.5.2 Local quality coefficient computation
Cc8�>��)6oM)098�T$2P>A(+0)��.1W-0�go&/53>)gl»�,:>)g767.FR�5;&j0;¹S5367098N.�T$&)2
>��)6oM)098�@-go&/5Py�6oO+@�>)Oe09d�&N8�.1W-0B678�.1032POQ0�5�.e6o&)8�&AT�.eW-0
(+&A.167&N8_�H��CD(s>)Oeym>A8:dK.eW:0`@:g7&/5Pym>A2109>:bnUlW-0l&/5353,-*:>Xz
.e6o&)8�*�092153038�.1>)�)0=&AT�.1W-0K(+&XMj6o8-�S&)@-¬F095�.�6oO 5;&N(�*:,/.e0�d
>)O`T$&Ng7go&X�HO9t
<D03. Imask � Ir @�0m.1W-0_(s>NOQyi&ATh(+&XMj678:�S&)@/¬F0�5�.p>A8:d5;,:2e21038�.�210;T$092e098:5;0�6o(+>)�)0_2e0�OQ*�095;.e6oM)03goR)�D>)8:d i @�0�.eW-05;,:2e21038�.�678�d/0;|�&)T?.1W-0p.e2109>A.e0�d�@-go&/5Py
b~
0m53>A8i��216}.10)t

Ir =
Nb−1
⋃

i=0

Irbi Imask =
Nb−1
⋃

i=0

Imaskbi
� ² �

��W-092e0 Irb � Imaskb >A210�OQ,-@-z 6o(s>A�)0�O
&AT Ir >A8�d Imask2109Oe*�0�5�.167MN03goR)b�a-&N2�09>)5PW�@-go&j5Py i �:�'0=5;&N(+*-,/.e0Nt

lqci =
NonZero(Imaskbi)

Nsize2

��ZN�
��W-092e0 NonZero() 6fO�>A8�&)*�032P>X.1&)2=.1W:>X.+5;&N,-8�.1O=.1W-08j,-(_@�092�&)TL*-67|/03gfO�Oe0;.+.1&�\i678�.eW:0B53,-212e098N. Imaskb>)8:d Nsize 6oO`.1W-0mOQ6oq30=&)Tn.1W-0mOe»�,:>)2e0 @-go&/5Py�b

2.5.3 Global quality coefficient computation
J`.BT$2P>A(+0 t ��.1W-0�»�,:>Ago67.FR§5;&j0;¹S5367098N.PO�>A210�,:*�d->A.e0�d>N535;&N21d-678-��.e&�.eW-0+go&/53>Ag�»�,:>)g767.FR�5;&j0;¹S5367098N.PO=>A8:d�.eW-0
*-2103Mj6o&),:O�MX>Ago,-09Op&)TI.1W-0s»N,�>Ago6}.FR�53&j0;¹S5;6o038�.=>X.pT$21>)(+0
t − 1 bKJ´.1W-2109OeW-&)gfd θqc

6oOp6o8�.e21&jd-,:5;0�dB.e&�d/03.e0321(+678:0
>+5PW:>)8-�)6o8-��&AT?�N67MN038i2e09�)6o&)8Dt

qci(t) =

{

max(qci(t − 1), lqci(t))
67T lqci(t) ≥ θqc

(1 − γ)qci(t − 1) 03gfOe0 � ÁA���W-092e0 γ 6fOS.1W-0�go09>)2e8-6o8-��2P>X.10�T$&)2�.eW-0�@:>N5Py��N2e&N,-8:d
0�OF.167(s>X.167&N8Db'½�,-21678:�+.eW-0m6o8-67.e6f>Ago67q�>X.167&N8�*-W�>)Oe0pT$&)2H03|�z
>)(�*:g70N�/��6}.1Wi(+&/d/09gD&AT�kI»�bo�Q\����:�'0=W:>�MN0_t γ = αp

b

2.5.4 Remote reference updating decision
UlW-0l2103�N67&N8m.e&=@�0�,-*
d->X.109d_678+2103(+&A.10l2e03T$0321038:530`(_,:OQ.
53&)212e0�OQ*�&)8:d�.1&H.eW:0'@-go&/5Py���67.eWK.eW-0`W-6o�)W-0�OF. qc b

~
0'6o8/z

.12e&/d/,:530 .F�'&+.1W-2e0�OQW:&)gfd/678:��MX>)g7,-0�O θhigh >A8�d θdown6o8s&)2Pd/032h.e&m(+09>NOQ,:2e0l.1W-0L>A(+&N,-8�.I&AT�*-gf>)530l.eW:>A.'(+&XM�z
6o8-��&N@/¬F095;.1O�.1>)y)0_678�.eW-0+O15;038:0)bmUlW-0�W-6o�)W�.1W-2109OeW-&)gfd
θhigh 6o8:d/6f53>A.e09Os.eW:>A.�>�go&A.S&)T (+&XMj6o8-��&)@/¬F0�5�.1O�>A210
&N@:OQ092eMN09d�678�.1W-0�O15;038:0s��W-67go0 θdown 678:d-6o59>X.e0�Op.eW�>X.
T$09�³(�&XMj6o8-�m&N@/¬F095;.1O`>A210H&)@:Oe0321M)0�d�678s.1W-0pOe53038-0Nb�UlW:0
OQ.e2P>X.103�)Ri&ATI�L��CH,-*
d->X.1678:��6fO 038-��>A�)0�d�>)595;&)2Pd/6o8-�s.1&
.1W-0KOQ.1>X.10S��>)(�&N,-8�.P�`&)T�(+&XMj6o8-�+&)@/¬F0�5�.1OH678B.1W-0KO15;038:0
��(+>)8jRS&)2lT$09�L��bhUlW-21030=53>NOQ0�Ol>A210p53&)8:Oe6fd/032109d�t

• 53>)Oe0+\)t θstate < θdown �
• 53>)Oe0mr/t θstate > θhigh �
• 53>)Oe0=¥-t θdown < θstate < θhigh b

��W-092e0 θstate 6fO�.1W-0K�Ng7&N@:>Ag?OF.P>X.e0K&AT�(+&XM�6o8-�s&N@/¬F095;.1O>)g}.1&)�)03.eW-0929b�C{.L53>)8�@�0m5;&N(+*-,/.e0�dB>)O9t

θstate =
NonZero(Imask)

dim
��ÂN�

��W-092e0 Imask 6oO�>�(s>)Oey+T$&)2`.1W-0p(�&XMj6o8-��&)@/¬F0�5�.H>A8:d
dim 2103*:2e0�OQ098N.PO'.eW-0=6o(s>A�)0=Oe67q90)b



2.5.5 Blocks pulling
UlW-0=@-go&/5Py/Ol.e&s@�0=,-*
d->X.109d�>A210=5PW-&NOe038�>N535;&N21d-678-�_.e&
.eW:0p.eW-21030=53>NOQ0�Ol*-2103Mj67&N,:Oeg7RSOQ.1>A.e09dDb

• 53>)Oe0�\Nt��`0�59>A8�53&)8:Oe6fd/032K.eW:>A._8-&�678�.e092e0�OF.1678:�&)@/¬F0�5�.h6fOh*-2109Oe038�.I6o8+.eW-0 Oe53038-0Nb
~
0H*-21&)*�&NOe0l.e&

,:OQ0L.eW-0p@-go&/5Py+��6}.1W�.1W-0�W:67�NW-09OQ. qc >)OI.eW-0=�H��C(+>NOQymT$&)2�.eW:0L�)GIk'�=rA]N])] 038:53&/d/678:�:b?UlW:038D�N.eW-0
8-&)8/zc»�,:>Ago67.FR�5;&j0;¹S5367098N.H&)T�.eW-6fO�@-go&/5Py�6fO�T$&)2P5;0�d
.e&�q3092e&m� qc = 0 ��6o8=&)2Pd/032
.1&�¶�>)��6}.?>NO:ÃF.e2109>X.109d�Ä�b

• 53>)Oe0Ir/t
.1&j&H(s>A8jR�(+&XMj6o8-��&)@/¬F0�5�.POD>A210Id/03.e095;.e0�d678§.eW-0�Oe53038-0N�L.1W-038§.eW-0�,-*
d->A.e6o8-��&)Tm.eW:0�210;z
(�&).e0�2e03T$0321038:530�OeW-&N,-god�8-&).p@�0s038:�N>A�N09d���&)8-goR
(�&).e6o&)8�6oO .121>)8:Oe(�67.Q.109d:�;b�^`,/.m67T'.1W-6oOK5;&)8-v:�),/z
21>A.e6o&)8Sgf>)OQ.1O'.e&j&+go&)8-�B�µT$&N2`03|->A(+*-go0�(+&)210�.eW:>)8
r W-&),-2POP����(+>�Rj@�0�.eW:0H,-*
d->X.1678-��OQW:&),-gfd+@�0L*�092Qz
T$&)21(�0�d�go6oy)0p678i.1W-0=*-2103Mj67&N,:Ol53>NOQ0Nb

• 53>)Oe0�¥-t?.eW-092e0�6fOh8:&=09>)OeR_d-095;6fOe67&N8+Oe&=�`0H5PW-&j&NOe0.e&�T$&)2P5;0i.1W-0�,-*
d->X.1678:��03MN0321R n T$2P>A(+0�O��µ.FRj*Db
M�>)g7,:0�&)T n = 20 �S6o8¨&)2Pd/032i.1&�6o(+*-21&XM)0�.eW-0�)go&)@:>)g�»�,:>)g767.FR�&)TI.eW:0Sd/6oOe*-gf>�R)0�d�6o(+>)�)0Nbs��8-goR
.eW-0=@-go&/5Py/Ol��6}.1W�> qc �N2e0�>X.e092`.eW:>)8 θqc

��6og7g?@�0
,-*�d:>X.e0�d�b�UlW-038D�A.eW-0�8-&N8/zc»N,�>Ago6}.FR=5;&j03¹s5367098�.�&)T
.eW-6fOH@-go&/5Py�6fO�T$&N215309di.e&�q30321&�� qc = 0 �l678�&N21d-032.e&�¶�>A�+67.L>)OhÃF.e2109>A.e09djÄPb

3 Logarithmic color transform
3.1 LUX color space introduction
Cc8�.eW-0+�)GIk'�=rA]N])]i5;&/d/6o8-��*�>A2e. &N8-0)�
.1W-0_(_,-g7.e6f5;&)(�z
*�&)8-098N.I53&)go&)2�.e2P>A8�OFT$&N2e(V6fOh53>)2e216o09dm&N,/.�,:Oe678-�m> go678:09>A2
5;&Ng7&N2�.e2P>A8�OFT$&N2e(B�:096}.1W-032 RGB → Y UV &)2 RGB →
Y CrCb ��>Agog7&X��6o8-�s>+2e09M)0921Oe67@:g70=5;&/d/6o8-�S>NOl�'09g7g�>)O�>A86o2e2103MN032POQ6o@-go0�5;&/d/6o8-�¦2109Oe*�0�5�.e6oM)09g7RNb©UlW-0�53&)8jM)0921Oe6o&)8
(s>X.12e6f5;0�O3�IT$&)21�`>)21d�>A8:d�678jMN032POQ0N�h&AT�.eW-0�6o2e2103MN032POQ6o@-go0
5;&/d/6o8-�s>A210)t

T =





0.299 0.587 0.114
−0.16875 −0.33126 0.5

0.5 −0.41869 −0.08131





A = T−1 =





1.0 0 1.402
1.0 −0.34413 −0.71414
1.0 1.772 0
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(+6o5BW�EH0�09¢H.e098:Oe67&N8���6oOS678:Oe*-6o2e0�d�@�R�.eW-0�@-67&Ng7&N�)6f53>)g
Wj,-(s>A8�Mj6oOe6o&)8�OQR/OQ.e03(Å��a�67��bn¥N�;b�UlW-0+Wj,-(s>A8�03RN0+6oO
>p8:>A.e,-2P>Ag-53&)(+*-2109O1OQ6o&)8�OQR/OQ.e03(º>A8:d_.1W-0L5;&N(+*-2e0�OeOe6o&)8
6fO?d/&N8-0I8:&)8-go678:09>A21goR�t
.1W-0'53&)8-0I.e2P>A8:O1d/,:5;.e6o&)8pT$,-8�5�.e6o&)8
(s>�R�@�0Sd-09O15;2167@�09d�@�R�>�go&)�Ng76oy)0_T$,-8:5;.e6o&)8D�?��W-67go0�.eW-0
>)5;.e6o&)8+&AT
W-&N2e6oq3&N8N.P>Ag->)8:d�@-67*�&)gf>A2'5;03gogfOH�$�`036o�)W�.e0�d+>�MNz
032P>A�N0 >)8:di�'0967�NW�.e09did/67¼�092e098:5;0=2109Oe*Db£��(s>�RS@�0=(+&/djz
03gogo09d�@jR�>�g76o8-0�>A2+(s>X.e2167|�go6oy)0 T b�UlW-0ig7&N�N>A2167.eW-(+6f56o(+>)�)0�*-21&/5;0�OeOe678:���u<DCcG'�h(�&/d/09g-6fO�yj8-&X��8�.e&=Rj6709god+>)8
6o(�*:2e0�OeOe67MN0 53&)8�.e2P>)OQ.l038-W:>)8:5;09(+038�.m�£Á�� b

UlW-6fOh&N8-0L<nCcG�6oOI@:>)Oe6f53>AgogoR_d/03v:8-09dS678s.1W-0�53&)8�.e6o8j,-&),�O
59>)Oe0S@jR�.eW-21030�09»�,:>X.167&N8:O9tS>�.e2P>A8�OFT$&N2e( f T$21&)(°.eW-0
6o8�.e038�OQ67.FR�OQ*�>)5;0B�$MX>)2e6f>A@-go0 x ��.e&�.eW:0+Oe*:>N5;0�&ATI.1&)8-0�O3�>)8�6fOe&)(+&)21*-W-6fOQ( φ T$21&)(Æ.eW-0�Oe*:>N5;0�&AT+.1&)8-0�O�678�.1&
>³go&)��>A216}.1W-(+6o5�Oe*:>N5;0§��M�>)2e6f>A@:g70 y ��>)8:dV>A8V6o8jM)0921Oe06fOQ&N(+&)21*-W-6fOQ( φ−1 �$T$&)2�(+&)210=d/0;.P>A6ogoO9�-Oe030+� ÂA�µ�;b
UlW-0 LUX 53&)go&)2�OQ*:>N5;0�0;|j.e098:d-O_.eW-0B<DCcGº(+&/d/03g`.e&
W:>)8:d/go0�5;&)go&)2PO��$6 b 0Nb7� Y CrCb ��b·a:&)2B.1W:>X.�*-,:2e*�&NOe0)�
&N8-g7R�.eW:0�5;&N(�*�&NOe67.e6o&)8¨T$,-8:5;.e6o&)8 Φ = φ ◦ f 6fO�&)T
*-2P>)5;.e6f53>)g?6o8�.e032109OQ.9b�UlW-0+6oOe&)(+&N2e*-W:6oOe( Φ *-21&XMj6od-09O >
go&)��>A216}.1W-(+6o5?.e2P>A8�OFT$&N2e(�8-&)21(s>Ago67q909d @jRL.1W-0h(s>X|/6o(K,-(
.121>)8:OQ(+67.Q.109d�g76o�)W�.9t

Φ : x → y = M ln
(

x0

x

)

Φ−1 : y → x = x0 exp
(

− y

M

)

��W-092e0 x ∈ ]0 · · ·x0]
6fO`>=5;&)8�.1678j,-&N,:Oh�N21>�Rmgo03MN03g � x0 ∈

]0 · · ·M ] 6fOh.1W-0L(s>A|j6o(K,:(�.121>)8:Oe(�67.Q.109dsgo6o�)W�.'>A8�d M6fO'.eW-0=d/Rj8:>)(�6f5 21>)8-�)0�&AT��)2P>�R�go03MN03gfOp�µ.FRj*Db M = 256T$&N2HÂXz{@-6}.H53&jd-678-�j��b

a�67�N,-210p¥:t�^'6o&)go&)�N6o59>Ag�>A8�>Ago&)�)RNb

a:2e&N(·>�(s>X.1W-03(s>A.e6f53>AgI*�&N678�.K&)TlMj6o03�=��.eW:0�d/6f>A�)2P>A(
@�03go&X�VW-03go*:O ,-8:d-032POF.P>A8:d�W:&X�V.eW-0 LUX 6oO�@-,-6og}.=@jR
53&)(+*�&�OQ67.e6o&)8i&AT?T$,-8:5;.e6o&)8:O9t
(R, G, B)

Norm
−→ (r, g, b)

Ψ
−→ (l, u, x)

Denorm
−→ (L, U, X)��ÀN�

3.2 LUX forward transform
a�6o21OQ.9�:53&)go&)2L53&)(+*�&)8-098N.PO�>A210=8-&)21(s>Ago67q909d�b`Un&S>Nd->A*-.
.1W-0�d/Rj8:>)(+6o5�21>)8-�)0N�?.1W-0i8-&)21(s>Ago67q�>X.e6o&)8�53&)8:Oe6fOF.POm6o8
.F�`&=OF.103*:O9tD.121>)8:OQgf>X.167&N8_&)T�d/Rj8:>)(+6o59Oh>A8:d_2109O153>Ago6o8-�p&AT
.1W-0m»�,:>A8�.e67.e6o09OH�=b 2�b .�bh.1W-036o2L(s>X|/6o(K,-(¤MX>Ago,-09O9b'4j6o8:5;0
(R, G, B) ∈ [0, M [× [0, M [× [0, M [ 678�.eW:0pd-6oO15;210;.1059>)Oe0)�'.e2P>A8:Oego>A.e0�d�»�,:>)8N.16}.1670�O (r, g, b) >A210Bd-0;v:8-0�d�.e&OQ.e6f5PyS.1&s.eW-0_678�.10321M�>)g ]0, M ] >)OH2109»�,-6o2109di@jR�.1W-0K<DCcG.1W-03&N2eRN��R�6o03gfd/6o8-��8:&)21(+>)g76oq30�d¦»�,:>A8�.16}.1670�O (

R, G, B
) b

<n0;. (r0, g0, b0)
@�0m.1W-0_(s>A|j6o(K,:(«MX>)g7,-0�OL&)T (r, g, b) b~

0=W:>�M)0Nt



r = R + 1 g = G + 1 b = B + 1
R = r

r0

G = g

g0

B = b
b0UlW-098s.eW-0 8-&N8-g76o8-0�>A2h.121>)8:OQT$&)21( Ψ ��W:6o5PWS6fOI.eW-0p5;&N(_z

*�&NOe6}.167&N8§&ATK.eW-21030�T$,-8:5;.e6o&)8:O Φ−1 ◦ T ◦ Φ (s>�R³@�0
5;&N(+*-,/.e0�dB>)O9t

l = R
t11

G
t12

B
t13

u = R
t21

G
t22

B
t23

x = R
t31

G
t32

G
t33

��W-092e0 tij
>)2e0=5;&j03¹s5367098�.1Ol&AT�(s>X.e2167| T b

4j&sT�>)29�-.eW-6fOLgo&)��>A216}.1W-(+6o5 (+&/d/03g?�'&N2ey/O�&N8-goRST$&)2�*�&�OFz
67.e6oM)0�MX>)g7,-0�OK&)T�5PW-21&)(+6o8:>A8:5309O9b�U?&�.1>)y)0i>)5353&),-8�.K&)T
.eW:0�*�&NO1OQ6o@-goR+8-03��>X.e6oM)0LM�>)g7,:09O'&AT�.eW:0 5PW-21&)(s>A.e6f5H5;&N(_z
*�&)8-098N.PO3�/�`0m53>)8�,�OQ0 .eW:0pT$&)gog7&X��6o8-�+2e0�OF.12e6f5�.167&N8Dt

u =

{

u
2

6}T u ≤ 1
1 − 1

2u
6}T u > 1

x =

{

x
2

67T x ≤ 1
1 − 1

2x
67T x > 1

a�678�>Agog7RN�I>�*:2e&N*�092�d/098-&)21(s>Ago67q�>X.167&N8�OF.103*�Rj6o03gfd-O_.eW-0
.eW:2e090 8:&)8-go678:09>A2H53&)go&)2�5;&N(+*�&N8-038�.1O ∈ [0, 255] t

L = Ml − 1
U = Mu − 1
X = Mx − 1

�Q\9]N�
U?& Oe67(+*-goRp.eW:0`k'»�bf�F\�]N�;�X�'0`,:Oe0I.1W-0`T$&)gog7&X��6o8-�L03|/*-2e0�OFz
Oe67&N8�.1&S5;&)(+*-,-.e0 .eW-0m<?EH¢¨T$&N2e�l>A2Pds.121>)8:OFT$&N2e(Bt

L = (R + 1)t11(G + 1)t12(B + 1)t13 − 1
U = (R + 1)t21(G + 1)t22(B + 1)t23 − 1
X = (R + 1)t31(G + 1)t32(B + 1)t33 − 1�Q\)\��

3.3 LUX inverse transform
UlW-0=6o8jM)032POe0�&)T?kI»�bf�F\)\��`6oOpt

R = (L + 1)a11(U + 1)a12(X)a13 − 1
G = (L + 1)a21(U + 1)a22(X)a23 − 1
B = (L + 1)a31(U + 1)a32(X)a33 − 1

�Q\�r)�
��W-092e0 aij

>A210�5;&j0;¹S5;6o038�.POS&AT=6o8jM)032POe0�(+>A.e216}| A =
T−1 b+Cc8�&N,-2p0;|/*�032167(+038�.��D�'0+,:Oe0��F\N\�� >A8:d��F\�r)�L.e&
*�032eT$&)(�.1W-0+T$&)21�`>)21d�>A8:d�6o8�MN032POQ0�<nEL¢¾5;&)go&)2 .121>)8:OFz
T$&)21(¾2109Oe*�0�5�.167MN03goR)b

4 Experimental results
UlW-0�OeRjOQ.e09(¿W:>NO�@�09038+67(+*-go03(+098N.109d�6o8N.1& .eW-0�09(K@�09djz
d/0�did-03Mj6o530S�$�`&)21yj678-����67.eW�>�G`%�\9])[�T$&)21(+>A.H@�&�>A2Pd:��b
UlW-6fO�&)8:0�6oO�(+>)678:g7R�@:>)Oe09d�&)8V>³59>A(+032P>-�=>§%'GIE
>A8�d¦>���6o2e09g70�OeOs.e2P>A8:Oe(+6oO1OQ6o&)8¦d-03Mj6o530)bºUlW-0�OeR/OF.103(
53>)8�5;,-212e098�.egoR�OQ098:d�>A8�6o(s>A�)0S>A.K>B21>A.e0s&)T`&N8-0s67(�z
>A�N0m*�032pOQ0�5;&)8�di.eW-21&),-�NW�.eW:0_�L4-r)¥Nr+*�&)2e.�2109OQ.e216f5�.e0�d

a�6o�),-210Ç[:t J *:>)2Q.16o53,-go>)2©2103�N67&N8È5;&/d/09dÈ��6}.1W
�NGhk'�=r)])])]s�H��C`&)*/.167&N8�>X.L@:6}. 21>A.e0 0.1bpp(1 : 240) t8-&N8-go678-0�>A2s5;&Ng7&N2�.e2P>A8:OQT$&)21( RGB → LUX �$.e&N*��ix
OQ.1>)8:d->A2Pd�5;&)go&)2+.121>)8:OQT$&)21( RGB → Y CrCb �$@�&A.ez.1&)(S��b

ÉfÊ;Ë É7ÌAË
a�6o�),-210 ² t±��0953&)8:OQ.e21,:5�.109d«6o(+>)�)0�O3t±>N�³OQ.1>)8:d->A2Pd
53&)go&)2l.e2P>A8�OFT$&N2e(°� RGB → Y CrCb ��x�@�� LUX 5;&Ng7&N2
.121>)8:OFT$&N2e(Bb
.1&�ÀNZ)]N]�@-*:O9b�a-&N2i03|/*�092e6o(+038�.1>)gp.e09OQ.1OB�`0�,:Oe09d¨r
G`%`O9b�a-&)2��NGhk'�=r)])])]�038�5;&/d/6o8-�p�'0`,:Oe09dK.eW-0HÍ=>)y�>Nd/,
4/½ Í©�$Î/Ï�Ï�ÐlÑeÒjÒXÓjÓjÓlÔcÕ/ÖNÕ-Ö�×NØ�Ù)Ú�Û)Ï�Ó-ÖNÜjÝIÔPÞXÚ�ß���b�UlW-098
�`0�5PW:>)8-�)0�d�.eW-0 OF.P>A8:d:>A2Pdsg76o8-0�>A2'53&)go&)2I.e2P>A8:OQT$&)21(�@jR
LUX b

~
0�53>A8³Oe030�&N8�a�6o�:bh[�.1W:>X. LUX �)6oM)09Os>

@�0;.e.e032�5;&)go&)2l21038:d-0321678-����2e0�>A2�go67�NWN.H&N8�go0;Tµ.��`.eW�>A8i.eW-0
OQ.1>)8:d->A2Pd�5;&Ng7&N2K.121>)8:OQT$&)21(±��W-03210��`0�W�>�M)0�,�OQ0�d�.eW-0
6o2e2103MN032POQ6o@-go0_&N8-0��;b�a�6o�:b ² OeW-&X�HO=>B2109Oe,-g7.m&ATl.eW-0s210;z
53&)8:OQ.e21,:5�.109ds6o(s>A�N0�>X.'.eW-0pd/0�5;&/d/032lOe6od/0NbhUlW-0�Oe6oq30 &AT
.1W-0I6o(s>A�)0I6oO 320×240 ��67.eW 8 @-6}.ez{53&/d/678:�:bnC{.�6fO?53&jd-09d&N8_> g7&X��@-6}.�2P>X.10`53&)(+*-2109O1OQ6o&)8 0.1bpp bnUlW-0lG'4/Y���6fO,:Oe09d�.1&s03MX>Ago,:>X.10p.eW-0=2109Oe,-g7.H&AT�2e0�5;&N8:OF.12e,�5�.e0�d�6o(s>A�N0
,:Oe6o8-��.eW-0�OQ.1>)8:d->)21d�5;&Ng7&N2+>)8:d LUX b¦UlW:0�G'4/YL�53&)(+*-,/.P>X.e6o&)8�T$&N2_<?JHG'4:àSMj6od-03&�6fOK�N67MN038�&N8�a?6o�:b�Z-b~
0=53>A8iOQ090L.1W:>X.l.1W-0=<nEH¢V53&)go&)2'.e2P>A8:OQT$&)21(¡2e0�OQ,-g7.�6oO

@�0;.e.e032L.eW:>)8i.eW-0KOQ.1>)8:d->)21dB5;&Ng7&N2l.e2P>A8/T$&N2e(Bb
~
0m��>A6o8

@�0;.F�`03098 1 >A8�d 5dB ��@:,/.L.1W-0_>�MN032P>A�)0=53&)(+*-,/.P>X.e6o&)8.167(+0=6fO`v:M)0 .e6o(+09O�(+&N2e0N�->)O�OeW-&X��8iU�>A@nb�\)b
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U�>A@-go0+\)thJ?M)0921>)�)0�53&)(+*-,/.P>X.167&N8�.167(+0S�$6o8 ms �`,-8:d-032L<n678j,/|�OeR/OF.103(Bb%'&)go&)2�U?21>)8:OFT$&N2e((+03.eW-&/d-O G`%§J � ½\Nb [j�p®Hq kI(K@�09d-d/0�dBG`%�\9])[s%'09g7092e&N8iÂN])]��p®Hq
4�.P>A8:d->)21d \9Â)] r ² ]

LUX ZN])] ÀN])]

a�67�N,-210¨Z:t�G'4/YL� 53&)(+*-,/.P>X.167&N8¤2109Oe,-g7.¦&AT�<?JHG'4
Mj6od-03&:�'5;&)(+*-2109O1Oe09d�>A8�d�.e2P>A8�OQ(+67.Q.e6o8-��67(s>)�)0�>A. 1 :
240 2P>X.167&s5;&N(+*-2e0�OeOe6o&)8�>)8:d 1img/s 2109Oe*�0�5�.e6oM)09g7R
5 Discussion~
0 8:&A.e0 .1W:>X. LUX 6oO`8-&).�>�OQ.1>A8�d->A2Pds.121>)8:OFT$&N2e(¡&)T

.eW:0l�NGhk'�=r)])]N]LOQ.e6og7gj6o(+>)�)0`5;&/d/6o8-� O15PW-09(�0Nb?UlW-0l,:Oe032
.eW�>X.�W-&)*�09O?.e& ,:Oe0`>)8_>�MX>A6ogf>A@-go0IW:>)21d-�`>)2e0I�NGhk'�=r)])]N]
5;&/d/092p&)8�.1W-0+(s>A21y)0;. 6oOp�`09d-�)09d�@�0�53>A,�OQ0_.eW-0 LUX5;&Ng7&N2S.121>)8:OFT$&N2e( 6fO�8:&A.B67(+*-go03(+038�.109d�bU?&�>)595;&N(_z
*-go6oOeW¦.1W-0�678jM)0921Oe0�53&)go&)2�.e2P>A8:OQT$&)21(B�H678��)098-032P>Ag�.eW-0
(s>X|/6o(+>)g/MX>Ago,-09O�&AT�.eW-0H53&)go&)2PO?d-R�8�>A(+6o5`2P>A8-�N0'��6ogog-@�0
Oe038�.n.1&L.1W-0`d-095;&/d/092�Oe03*�>A2P>X.e09g7R�T$21&)(�.eW-0l5;&/d/0�OF.12e0�>A(
5;&/d/0�dB@jRi�NGhk'�=r)])])]:b�UlW-038�.1W-0_53&)(+*-,/.P>X.167&N8B.e6o(�0
&AT LUX 6fOHMN0321RS0;|/*�038:Oe6oM)0��uOQ090KU?>)@Dbn\���b�YH09M)092Q.1W-0;z
go09O1O3��.eW:0 go&)��>A216}.1W-(+6o5LWj,-0p0;|j.e098:OQ6o&)8 LUX 6o(+*-21&XM)09O
.eW:0�21038:d/092e6o8-��»�,:>)g767.FR�&)T=.eW-0�6o(s>A�N0�678³W:67�NW§5;&N(_z
*-2109O1OQ6o&)8=>)*-*-go6o59>X.e6o&)8�O3��>)ODOeW-&X��8=��67.eW=G'4-YL��53&)(+*-,/z
.1>A.e6o&)8³��a�6o�:bDZ���bSCc8�2e&�>)d�OQ,:2eMN036og7gf>A8:530�>)*-*-go6o59>X.167&N8:O3�
&)@-.1>A6o8-6o8-��.1W-0�@�09OQ.i5;&Ng7&N2S2109OQ.e67.e,/.167&N8¦6oO�>Ago�`>�R/Os>)8
>)d-M�>)8�.1>A�N0)bma:&)2 0;|->A(+*-go0_��W:038�&)8-0+53>)2�6fOp&XM)092Q.P>Ay�z
6o8-�s>A8-&).eW-092`&N8-0)�-59>A*/.1,-21678-�_.eW:0p¶�>)OeW-go67�NWN.PO`6oOl0�OeOe038/z
.e6f>Ag b�UlW-038D��v�8:d/6o8-� >L�)&j&/dm5;&N(+*-2e&N(+6oOe0h@�0;.F�`03038K.eW-0
LUX 53&)(+*-,/.P>X.e6o&)8�.167(+0�>A8:d�.1W-0�53&)go&)2S21038:d-0321678-�
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