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F1#/?$%F=$" >*^)M[_\!^`)GG%[D\ AA
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H8*4+6"$*I*J"$6"$*E'(&-+.:#

JB>\%-]-BRC!%<"2$3%!=/?/2:

!*-01,2 '3$4,5 67-)&*,- 8%$"#9

> Eb! E=672@%[,D\

* CRc C361W%L/:2"3%56=%L"A43/2:%NA":$%!/:/#"3%!"#"

I _0(21 _6=/Z62#"3%L(21.=62670%L/:2"3 b6#$%JB>

G D0(21 D$=#/1"3%L(21.=62670%L/:2"3 b6#$%JB>

J Eb! E=672@%[,D\

M O, O$@% % NA":$%!"#"%L/:2"3%[RLX\

` O> O$@% % NA":$%!"#"%L/:2"3

H O* O$@% % NA":$%!"#"%L/:2"3

^ OI O$@% % NA":$%!"#"%L/:2"3

>, OG O$@% % NA":$%!"#"%L/:2"3

>> OJ O$@% % NA":$%!"#"%L/:2"3%['LX\

>* Eb! E=672@%[,D\

>I E, E=$$2% % NA":$%!"#"%L/:2"3%[RLX\

>G E> E=$$2% % NA":$%!"#"%L/:2"3

>J E* E=$$2% % NA":$%!"#"%L/:2"3

>M EI E=$$2% % NA":$%!"#"%L/:2"3

>` EG E=$$2% % NA":$%!"#"%L/:2"3

>H EJ E=$$2% % NA":$%!"#"%L/:2"3%['LX\

>^ Eb! E=672@%[,D\

*, X, X37$% % NA":$%!"#"%L/:2"3%[RLX\

*> X> X37$% % NA":$%!"#"%L/:2"3

** X* X37$% % NA":$%!"#"%L/:2"3

*I XI X37$% % NA":$%!"#"%L/:2"3

*G XG X37$% % NA":$%!"#"%L/:2"3

*J XJ X37$% % NA":$%!"#"%L/:2"3%['LX\

*M Eb! E=672@%[,D\

*` !dbX !/0"83$

*H DCC !C%eJ),D%<6;$=%L7443(

*^ DCC !C%eJ),D%<6;$=%L7443(

I, OQR _6=/Z62#"3%NA":$%L./5#B@/=$1#/62%L$3$1#%L/:2"3 b6#$%JB*

I> PQ! D$=#/1"3%NA":$%L./5#B@/=$1#/62%L$3$1#%L/:2"3 b6#$%JBI

b6#$%JB>%&%-.$%-]-BRC!%A6@73$%/0%16A4"#/83$%;/#.%567=%W/2@0%65%DEF%#/A/2:%)%-.$(%"=$%DEFBGH,%+
% % % % % % % % % DEFBG,,%+%DEFBIJ,%"2@%5=$$@6A%A6@$%)%-.$%463"=/Z"#/62%65%_0(21%"2@%D0(21%@$#$=A/2$
% % % % % % % % % #.$%#/A/2:0)

:;<=>?@ :;<=>@@ :;<=AB@ 6#%%C,$0D,C%

E.3-)0!,5"#*F"&*,- b$:"#/?$ b$:"#/?$ <60/#/?$ <60/#/?$
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* * * * * * * * * * * * K7L*MIGN*O-D@P*QI/N*G%C* * * * * * * * * * * * * * * * K<L*MIGN*O-D@P*QI/N*O-D@
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* bC b6%C622$1#/62

I DR* N247#%#$=A/2"3%[R6;%?63#":$%0/@$\ b6#$%JBG

b6#$%JBG%&%R6;%?63#":$%0/@$%65%8"1W3/:.#%/2?$=#$=%1622$1#0%;/#.%:=672@%65%/2?$=#$=%1/=17/#0)
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!"#"$%&%#. '3$4,5 DH12 D<I2 /-*& 8%$"#9

eJD%L7443(%D63#":$ D!! ,), eM), D

N247#%L/:2"30%D63#":$ D"#$ B,)I D!!e,)I D b6#$%MB>

L#6=":$%-$A4$="#7=$ -"%$ BI, e`, ! b6#$%MB*

S4$="#/2:%-$A4$="#7=$ -&'( B*, e`, !

b6#$%MB>%&%N247#%0/:2"30%/2137@$%CRc%+%_0(21%+%D0(21%+%!dbX%+%Og,&Jh%+%Eg,&Jh%"2@%Xg,&Jh)

b6#$%MB*%&%_7A/@/#(%&%^JU%O_%'"K)%"#%-""G,!)

% % % % '"K/A7A%;$#B8738%#$A4$="#7=$%/0%"#%I^!% 6=%3$00%"#%-"%i%G,!)

% % % b6%162@$20"#/62)

V8*W:';$(-;.:*!@.(.;$'(-#$-;#

`B>\%O$16AA$2@$@%S4$="#/2:%C62@/#/620%&

% % F\%!=/?/2:%56=%-]-BRC!%4"2$3

% % % % % % Eb!%T%,D%+%-"%T%*J"

!"#"$%&%#. '3$4,5 D*-2 J3(2 D"K2 /-*& 8%$"#9

eJD L7443(%D63#":$ D!! eG)`J eJ), eJ)*J D

L7443(%N247#%O/443$%D63#":$ D!!)* ,)> D4B4 D!!TeJD

N247#%L/:2"30%D63#":$%[_/:.\ D+, e*)M D
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b6#$%`B>%&%-.$%46;$=%16207A4#/62%65%8"1W3/:.#%/0%26#%/2137@$@)

b6#$%`B*%&%X"1W3/:.#%3"A4%46;$=%16207A4#/62%/0%1"3173"#$@%8(%N-!D-)

`BI\%N247#%Q%S7#47#%0/:2"3%#/A/2:%1."=#

!"#"$%&%#. '3$4,5 6,#$"& D*-2 J3(2 D"K2 /-*& 1,&%

]=$j7$21( ]1T>Q-1 F33 *J)>`J '_Z b6#$%`BI

C361W _/:.%-/A$ -1W. F33 >, 20

R6;%-/A$ -1W3 F33 >, 20

<$=/6@/1%T%R/2$ -.4 F33 I>)``H #0 b6#$%`BI

_0(21 H,, >,*G 1361W b6#$%`BI

<730$%Y/@#. -.4; F33 * ^M *,, 1361W

X"1W%<6=1. -.84 F33 * GH MG 1361W

DEFBGH, J>J J*J >,*G 3/2$ b6#$%`BI

<$=/6@/1%T%]="A$ -?4 DEFBG,, GG` GG^ >,*G 3/2$ b6#$%`BI

DEFBIJ, GG` GG^ >,*G 3/2$ b6#$%`BI

D0(21 ]=$$@6A
'6@$

>,*G 3/2$

<730$%Y/@#. -?4; F33 > * 3/2$

X"1W%<6=1. -?84 F33 > MG 3/2$

!"#" L$#74%-/A$ -@0 F33 >, 20

_63@%-/A$ -@. F33 >, 20

<$=/6@/1%T%R/2$ -$4 F33 H,, >,*G 1361W

<730$%Y/@#.%[_\ -$4; F33 * MG, H,, 1361W

!dbX DEFBGH, GH, GH, 3/2$

!/043"(%R/2$%b6[D\ -?@ DEFBG,, G,, G,, 3/2$

DEFBIJ, IJ, IJ, 3/2$

]=$$@6A
'6@$

GH, 3/2$

_6=/Z62#"3%!/043"(%<$=/6@/1 -.@ F33 MG, MG, MG, 1361W

_0(21BCRc
<."0$%!/55$=$21$

-.1 F33 >, -1B>, 20

D0(21B_0(21
<."0$%!/55$=$21$

-?. F33 > -.4B> 1361W

b6#$%`BI%&%-1%/0%#.$%4$=/6@%65%0"A43/2:%1361W)%N2%1"0$%65%36;B5=$j7$21(%+%#.$%/A":$B53/1W$=%A"(%6117=)
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% % % % % [I\)%!$#"/3%65%_6=/Z62#"3%-/A/2:%&

(a) % DEFBGH,%'6@$%[_0(21%T%b$:"#/?$%<63"=/Z"#/62\

H&%$ G%.)#*(&*,- L5,)90L3)5%. J*$%

F _6=/Z62#"3%Y/@#. ^M I)H>I%#0

X _6=/Z62#"3%XB<6=1. GH >)^,`%#0

C _6=/Z62#"3%!/043"( MG, *J)G**%#0

! _6=/Z62#"3%]B<6=1. >M ,)MIM%#0

d _6=/Z62#"3%-6#"3 H,, I>)``H%#0

% [8\%DEFBG,,%'6@$%[_0(21%T%b$:"#/?$%<63"=/Z"#/62\

H&%$ G%.)#*(&*,- L5,)90L3)5%. J*$%

F _6=/Z62#"3%Y/@#. ^M I)H>I%#0

X _6=/Z62#"3%XB<6=1. GH >)^,`%#0

C _6=/Z62#"3%!/043"( MG, *J)G**%#0

! _6=/Z62#"3%]B<6=1. >M ,)MIM%#0

d _6=/Z62#"3%-6#"3 H,, I>)``H%#0

(c) % DEFBIJ,%'6@$%[_0(21%T%<60/#/?$%<63"=/Z"#/62\

H&%$ G%.)#*(&*,- L5,)90L3)5%. J*$%

F _6=/Z62#"3%Y/@#. ^M I)H>I%#0

X _6=/Z62#"3%XB<6=1. GH >)^,`%#0

C _6=/Z62#"3%!/043"( MG, *J)G**%#0

! _6=/Z62#"3%]B<6=1. >M ,)MIM%#0

d _6=/Z62#"3%-6#"3 H,, I>)``H%#0

(d) % ]=$$%]6=A"#%[_0(21%T%<60/#/?$%<63"=/Z"#/62\

H&%$ G%.)#*(&*,- L5,)90L3)5%. J*$%

F _6=/Z62#"3%Y/@#. b6#$%`BI BBB

X _6=/Z62#"3%XB<6=1. b6#$%`BI BBB

C _6=/Z62#"3%!/043"( b6#$%`BI BBB

! _6=/Z62#"3%]B<6=1. b6#$%`BI BBB

d _6=/Z62#"3%-6#"3 k%>,*G BBB

A B C D

E

Reset Horizontal Counter to Zero
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[G\%!$#"/3%65%D$=#/1"3%-/A/2:%&

(a) % DEFBGH,%'6@$%[D0(21%T%b$:"#/?$%<63"=/Z"#/62\

H&%$ G%.)#*(&*,- E,#*F,-&"50M*-%. J*$%

F D$=#/1"3%Y/@#. * MI)J%#0

X D$=#/1"3%XB<6=1. II >),G^%A0

C D$=#/1"3%!/043"( GH, >J)*JI%A0

! D$=#/1"3%]B<6=1. >, I>`)H%#0

d D$=#/1"3%-6#"3 J*J >M)MHI%A0

(b) % DEFBG,,%'6@$%[D0(21%T%b$:"#/?$%<63"=/Z"#/62\

H&%$ G%.)#*(&*,- E,#*F,-&"50M*-%. J*$%

F D$=#/1"3%Y/@#. * MI)J%#0

X D$=#/1"3%XB<6=1. IJ >)>>*%A0

C D$=#/1"3%!/043"( G,, >*)`>>%A0

! D$=#/1"3%]B<6=1. >* IH>),%#0

d D$=#/1"3%-6#"3 GG^ >G)*MH%A0

(c) % DEFBIJ,%'6@$%[D0(21%T%<60/#/?$%<63"=/Z"#/62\

H&%$ G%.)#*(&*,- E,#*F,-&"50M*-%. J*$%

F D$=#/1"3%Y/@#. * MI)J%#0

X D$=#/1"3%XB<6=1. M, >)^,`%A0

C D$=#/1"3%!/043"( IJ, >>)>**%A0

! D$=#/1"3%]B<6=1. I` >)>`M%#0

d D$=#/1"3%-6#"3 GG^ >G)*MH%A0

(d) % ]=$$%]6=A"#%[D0(21%T%<60/#/?$%<63"=/Z"#/62\

H&%$ G%.)#*(&*,- E,#*F,-&"50M*-%. J*$%

F D$=#/1"3%Y/@#. b6#$%`BI BBB

X D$=#/1"3%XB<6=1. b6#$%`BI BBB

C D$=#/1"3%!/043"( b6#$%`BI BBB

! D$=#/1"3%]B<6=1. b6#$%`BI BBB

d D$=#/1"3%-6#"3 k%>,*G BBB

A B C D

E

Reset Vertical Counter to Zero
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`BJ\%_6=/Z62#"3%!/043"(%<60/#/62

_6=/Z62#"3%@/043"(%460/#/62%@$4$2@0%62%#.$%0/:2"3%65%!dbX%"2@%#.$%/247#%@/:/#"3%/A":$)%F0
#.$%=/0/2:%$@:$%65%!dbX%0/:2"3%16A$0+%RC!%A6@73$%;/33%1=$"#$%"%.6=/Z62#"3%0"A43/2:%0#"=#%4730$)
F#%#./0%#/A$+%#.$%067=1$%@=/?$=%NC0%8$:/2%#6%0"A43$%/A":$%@"#"%"2@%#="205$=%#.$%@/:/#"3%/A":$%@"#"
#6% "2"36:7$% /A":$% @"#"% 8(% !QF% /2?$=#$=0)% -.$2% 0$2@% #.$% "2"36:7$% /A":$% 0/:2"3% #6% #.$% =/:.#
460/#/62%65%"1#/?$%@/043"(%"=$"%65%#.$%RC!%4"2$3)%N5%!dbX%/0%36;+%RC!%A6@73$%;/33%0$#%.6=/Z62#"3
@/043"(%460/#/62%/2%@$5"73#%?"37$)

% %

!"#"$%&%#. '3$4,5 6,#$"& D*-2 J3(2 D"K2 /-*& 8%$"#9
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`B^\%C62#=63%X6"=@%!/4%L;/#1.%]6=A"#

* * * * * * * * * * * * * * * AX7

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

AX*7F7 3'($-;.:*A@-,$*K7*G-+'L /',.":$*KJYL

AX*7F< 3'($-;.:*A@-,$*K<*G-+'L /',.":$*KJYL

AX*7F> 3'($-;.:*A@-,$*KB*G-+'L /',.":$*KJ==L

AX*7FB 3'($-;.:*A@-,$*KZ*G-+'L /',.":$*KJ==L

AX*7FH 3'($-;.:*A@-,$*K7R*G-+'L /',.":$*KJ==L

AX*7FR 3'($-;.:*A@-,$*K><G-+'L /',.":$*KJYL

* * * * * * * * * * * * * * * AX<

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

AX*<F7 O%(-[%+$.:*A@-,$*K7*G-+'L /',.":$*KJYL
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AX*<FB O%(-[%+$.:*A@-,$*KZ*G-+'L /',.":$*KJYL
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AX*<FR O%(-[%+$.:*A@-,$*K><*G-+'L /',.":$*KJ==L

* * * *

* * * * * * * *
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⏐pFBpX⏐
b6#$%HBG%&%C=600%-"3W%[C-c\%T
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% % % % % % % % % pF%&%X=/:.#2$00%65%<"##$=2%F

% % % % % % % % % pX%&%X=/:.#2$00%65%<"##$=2%X
Pattern A

(Gray Level 46)

Pattern B

(Gray Level 46, central

black box exclusive)

: Testing Point (A and B are at the same point.)

YA
YB

1/3

1/3

1/3

1/3 1/3 1/3

Black

(Gray Level 0)
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* * * * * * * * * @.+5:'5*;.(',"::18
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* * * * * * * * * ;.('*%,*#$.$-;*':';$(-;-$18

* * * \F<L*2(';."$-%+#*-+*&%"+$-+D
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C-6'*-$*C-$@*#%,$*5(1*;:%$@8
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;."#'*5-#;%:%(.$-%+*%(*#6%$#8
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#"(,.;'8*2:'.#'*@.+5:'*C-$@*;.('8

5L A-+;'*!?JA*GA4*-#*"#'5*-+*$@'*&%5":'8*A%*$.^'*;.('*%,*#$.$-;*':';$(-;-$1*.+5

'.($@*1%"(#':,*C@'+*@.+5:-+D8

* * * \F>L*95_"#$-+D*&%5":'
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#@-6&'+$8
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#6';-,-;.$-%+#*5'#;(-S'5*&.1*+%$*S'*#.$-#,-'58

* * * \FBL*J$@'(#

.L /%*+%$*'T6%#'*$@'*&%5":'*$%*5-(';$*#"+:-D@$*%(*-+$'+#-]'*":$(.]-%:'$*(.1#*,%(*&.+1

@%"(#8

SL A$%('*$@'*&%5":'*.$*.*(%%&*$'&6'(.$"('*6:.;'8

;L E@'*]%:$.D'*%,*S'D-++-+D*':';$(-;*5-#;@.(D'*&.1*%]'(*$@'*+%(&.:*]%:$.D'*S';."#'*%,

:'.^.D'*;"(('+$*,(%&*.66(%.;@*;%+5";$%(*S1*$%*5(.C*:"&6*('.5*:'.5*:-+'*.(%"+58

5L 4,*G!/*6.+':*S('.^#P*-$*-#*6%##-S:1*$@.$*$@'*:-`"-5*;(1#$.:*'#;.6'#*,(%&*$@'*6.+':8

9]%-5*6"$$-+D*-$*-+$%*'1'#*%(*&%"$@8*X@'+*:-`"-5*;(1#$.:*#$-;^#*%+*@.+5#P*;:%$@'#*%(*,''$8

X.#@*-$*%"$*-&&'5-.$':1*C-$@*#%.68

'L JS#'(]'*.::*%$@'(*6(';."$-%+.(1*('`"-('&'+$#*-+*@.+5:-+D*D'+'(.:*':';$(%+-;*;%&6%+'+$#8

,L 2:'.#'*.5_"#$*$@'*]%:$.D'*%,*;%&&%+*':';$(%5'*.#*&.$'(-.:*%,*.$$.;@&'+$*S1*7*&%5":'8

* * * \FHL*2%:.(-['(*&.(^

* * * * * * .L*E@'*6%:.(-['(*&.(^*-#*$%*5'#;(-S'*$@'*5-(';$-%+*%,*C-5'*]-'C*.+D:'*,-:&*@%C*$%*&.;@

* * * * * * * * "6*C-$@*$@'*("SS-+D*5-(';$-%+8
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> _/:.%-$A4$="#7=$%L#6=":$%-$0# -"%T%e`,% "+%*G,%.=0

* R6;%-$A4$="#7=$%L#6=":$%-$0# -"%T%BI,% "+%*G,%.=0

I _/:.%-$A4$="#7=$%S4$="#/62%-$0# -"%T%e`,% "+%*G,%.=0
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * !"#$%&'()*

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

* * * * * * C62#$2#0%65%36#%27A8$=%&%>0#v<=61$00%"=$"%&%13"00%>,,,%⇒%_
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% % % % % % % % % % % % % % % % % % % % % % % % % % % J#.v<=6@71#/62%($"=%&%>^^^⇒^+%*,,,⇒F+%*,,>⇒>ww))
% % % % % % % % % % % % % % % % % % % % % % % % % % % M#.v<=6@71#/62%A62#.%&%>+%*+%I+w)^+%F+%X+%C
% % % % % % % % % % % % % % % % % % % % % % % % % % % `#.q>,#.vL$=/"3%27A8$=0%&%,,,>q^^^^
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