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Smeared-point (blurred) image? (? ? ??Let us now assume that the transmission function of a linear smeared-point



(blurred) image can be written as where Dfi?is the smeared length. To restore the image, we seek for an inverse filter as given by? o!
@o @ ?4m ) ? B 29 2 ? 2?20 To retrieve the information loss due to blurring
there is a price to pay in terms of entropy, which is usually very costly. a practical, although not optimum, inverse filter can be
synthesized, as given by where A(fX) and f?fX) are the corresponding amplitude and phase filters.?K U x ? € 21
? L 4 ? C 29 ? ? ?The restored Fourier spectra that we would like to
achieve is the rectangular spectral distribution bounded by Tm and D#EX. ?v| Zo ? ? 22w
?2 D 29 9 ?  ?8The restored spectral distribution is the shaded areas. ? 8 ? E 29 9
? 2?1t is evident that the blurred image can be restored for some degrees of restoration error. By defining the degree of
restoration as given by where Dff#X is the spatial bandwidth of interest, a plot can be drawn.?l ZE Z1 € €€ € ri?]?
<€ 22 ? F 2?9 ? ? ?The degree of restoration increases rapidly as Tm decreases. However, as
Tm approaches zero, Lhe transmittance of the inverse filter also approaches zero, which leaves no transmittance of the inverse filter.?
v 7/ ? ? ? ? G 29 ? ? ??A perfect degree of restoration, even within
the bandwidth, D?fX, cannot actually be obtained in practice. Aside from this consequence, the weak diffracted light field from the
inverse filter would also cause poor noise performance.?>< € € 292> ? H 29 9 ? ? The
effects on image restoration due to the amplitude, the phase, and the combination of amplitude and phase filters are shown ? € Z€?10-

? 1 29 92 ? ??2In view of these results, we see that using the phase filter alone would give rise to a
reasonably good restoration result as compared with the complex filtering. This is the consequence of the image formation (either in the
spatial or in the Fourier domain); the phase distribution turns out to be a major quantity in the effect of image processing as compared
with the effect due to amplitude filtering alone. ? € € € &€ € € € € 217- oo
? J 29 2 ? ?In other words, in image processing, is as well as image formation, the amplitude variation, in some cases,
can actually be ignored. A couple of such examples are optimum linearization in holography and phase-preserving matched filters.?

? K ??9 ?;An image restoration result obtained from an inverse filter? <<€ (?1;— 41@r—0 1424 ?2J A linear blurred image
can indeed be restored. In addition, we have also seen that the restored image is embraced with speckle noise, also known as coherent
noise. This is one of the major concerns of using coherent light for processing. Nevertheless, coherent noise can be actually suppressed
by using an incoherent light source.? 7Z Zw X € € (41€ € € 217 ?

?? ?!Serious defects of inverse filter? 7”7 (2 7~ ?  ??Diffraction limits the set of frequencies over which the transfer
functlon S(fX, fY) is nonzero to a finite range. Outside this range, S=0 and its inverse is ill. Within the range of frequencies for
which the diffraction-limited transfer function is nonzero, it is possible that transfer function S will have isolated zeros. The
inverse filter takes no account of the fact that there is inevitably noise present in the detected image, along with the desired

signal. ?? ZK ? 24 2&K 2/ ?? ?1The Wiener filter least-mean—
squared-error filter? 22 (? 2 ? ?A new model for the imaging process is adopted. The detected image is represented by where n
(x,y) is the noise associated with the detection process. The object o(x,y) is regarded as a random process, as well as the random
noise. ?2vW ZC A B @?e” B @ ? 2 29 2 ? 2> We assume that the power

spectral densities (i.e. the distributions of average power over frequency) of the object and the noise are known, the are represented
by Fé# (£fX, fY) and F#§# (fX, fY). The moan—squarcd difference between the true object o(x,y) and the estimate of the object (x,y) is?

€ 7€ 797 m87e€ 7€ 797 8?7r€ 6 ! ? € ?7|/0€ 2t 7

! ? 5 29 2 ?  ??The transfer function of the optimum restoration filter is given by This type of

filter is often referred to as a Wiener filter, after its inventor, Norbert Wiener. If the SNR is high (Fffi/ Ff#i<<1) If the SNR is low
(FE/ FED>>D2 > t € € KARNASE S FARNASES € € rANNASES 2012

€ € 2 - @ 2?9 ? Wiener filter? ? ?$ Diffraction, rather then absorption, is used to attenuate
frequency components. Only a single interferometrically generated filter is required, albeit one with an unusual set of recording
parameters. The filter is bleached and therefore introduces only phase shifts in the transmitted light. ? % ?2 W 29 9

? ?0 Certain postulates underlie this method of recording a filter. The maximum phase shift introduced by the filter is much
smaller than 2p?radians, and therefore The phase shift of the transparency after bleaching is linearly proportional to the silver
present before bleaching. ?H? 26 € 2 fr— 14029[Y+27242Ael0 1424 2The filter is exposed and processed such that operation is in the
linear part of the H&D curve, where density is linearly proportional to the logarithm of exposure? ¢ ? 29 9 2 ?
6 The exposure produced by this interferometrical recording is where A is the square root of the intensity of the reference wave at the
film plane, a is the square root of the intensity of the object wave at the origin of the film plane, a?is the carrier frequency
introduced by the off-axis reference wave, f?is the phase distribution associated with the blue transfer function S, and T is the

exposure time.?@ Z\ 7G N Y E F ? 9 ? g 29 ? ? 0?2 If A2< ?
, / € Ohe 2§1 ? 9 29 9 ? ?[The displacement in the q direction is
proportional to the displacement in the p direction. ?@\ 5 ? [ ? 9 29 9 ? ?29To conclude

this section, we note that one interesting application of optical processing of broadband signals is its application to synthetic
aperture radar. A broadband microwave signal is first converted in two—dimensional raster—-scanned format, similar to the preceding
example. If the raster—scanned format is presented at the input plane of a specially designed optical processor, an optical radar image
can be observed at the output plane.? ? Z? 2 ? /29?092 2 2 0?09 292 292 292 9292 9292 292 292 292 92292 9
2 0292 292 22 2% x2&+? -LpQt-290 . ?23/290?L1°?2M2?2N3?204?2P5?2Q6°2RT7?2S8°?T29?
U:2?2Y; ?2272<2?2a=2%9 2 02 M %33 PP 272 L33k 2 3372 e ewMiE 2 3 9
333£IERNIv A 2 MR j@v g R 2 € €e(BYMmE 2> 2" Ldde 1n M2 < doe €
T2 % ST 2 € ?n ?” dd @ € rlrrl@@ b L\€ € P?R X € °? m?
> €51+ 1 1Ty 1 by b | 040 B 0 DA A 7 ] ) 0 2D @D Lo 27
ﬁﬂ?ij?”r‘l‘Der/\ ? %%I ?L bj“DJ€ l]ié_‘ r€ ‘7|D{)D{)‘79d9 ? rquDJ LL”'IQOJ‘I‘?????Q EE{?JJQ”H‘qur/\ ? ?gl ?J ?DJ€’E'\ F?
? 2 @ QLR oou o I8 2 5l 7| BRD' €54 r€ 2007077742 2 Q8 L2 £290 & Lont 242
A ? w1 o9— fhOJEdL € 2-070227997 8 BB LL!!"??JJr’?‘?P‘?‘? o> QA w1 2e 20! € 02+ 0
B! Hureod4op 29 g2t 2 JED 20 C DY €T, (12 —€ 2907072722d? 2 A0 L2 v Lot 49
b U v P8 2 Jil 2 ?0r| €l 2702022 R rr qAN22Y4p €U 20 G2 2TUSHEdk Y SIfHr hifsTh 9
? 222 €MD rr o @UT4297 7€ P90 #EYY 78USBRAK Y BRMHCME, g7h L (% (N (K (74
? A1 70 s 22 °Hl?HN? o LLL33%k ? 33 ? Blends ?? °? €0 20 ° W 2
BHEHAHET 2B B 0~ B! 200N 2 WA M 2P @ 7 #9292 792 W wo Bl MWes? ? 7 9
rumu!!"??iﬁ??r’ P 1 21 2% € 2e070777d? 2 @32 2iy? 1P e B4 (3 B - 22P 0 ? #9292 7?22 2 N 2 il 2
s ? ? ? ? L2224 u?2p il 20+ € ?2|070722d° ? L8224 5%22pP 0 2l 2 m € 2-070722997 @
B8N 224 %2 ea %12 Mms ? ? ? ? L2242 %H 51 2 2N B (X2 —€ 2707027249 ? —Ar029 L2 pvObn o9
? +) il 2 - 20| €N?21270702 42 8 rr 8799022 42€ p 9P 29 2 2 -21USERdk Y ¥SiffHr hiSTh 2 2 102 092
Orl€m270202 42 /@ rr QU220 422 L 093290 25 6120 | 2-USHEdk Y ¥5IffHroR hifs7h 2 2 1 2rr s 22 QMi?FER? @t 2t
LLL33%k 2 33 2. 2 €0 2 E|@QeeML?[3H7r 29 22\ MET 92 20| €822/070? 4?2 4 0F7P 22 B 2 92
? 2 JET 2L2 20r|€D 22 2 2 ° rror 82?7 220 e @?‘7“‘71*7" fabyq bt 2o reln Jr’ e gL 249 ¢ 2 ?
@ 7 rrb??248 w2200 |23 1 212 20rl€n]e? 2 2 2 rrorEE?22@0 2204278 % #E214 28USERdk Y WRIffHCME, g7h {F L {N (K
(oA g U og-edn dyED 97 0clefE 2 2 2 @ rroraBE P € ??DJ ?u #2029 %21, 15 LU 2090 o1 T re 1ITi JE] 707 2
orl€ E 2 22 2 rr ot L7e 270|%4E 5244 2921 4Q4 LL 219LrelD L e JJDHJ Rl 2r? 2702|@27En20E?1T &L 2t 2 €€
W33 Re8 20?2 PPT10? 2 fi§rpkKWl 22 4 2 P92 P BHH 2 29 7P W1 2904 70r|efj?2)8202 142 rr 1 EHeP 22 °
241 295214 LL 2098000 I3yl 20 20| €(A270702 142 8 1 04?27 (42701 2t 24 9 %2> 4@ 0 LL 24 0o el = I ] 240 20| €
Hi27240702 428 rr B4 AP € 270 M99 LL 20 el “4oo0r| €M1 200707 (42 B rr B2 L77€ 220 7%t
29429570940 LL 2o el e IE T 2P 29 2 9FERPEE?IT AL 2bppf? € €1€33%% 28 202 _ PPTI0? 2 _ ?%%/g 2?2 ? €
0 2 Rr QPLBW RL2dH?r 7 oW BHEED MW s 2 €227 rrrt M€ p 2P 29 2 29 ] 2UW qc 2 €27?r  rrrb o r?2427°0 LU0 ?
?? BR1 2rW 2702 |07M 2 h? et ot rt? € EFESBMEIENN?24___PPT10?1? %E29S+ D?'? 2 1%=2@B? + 22 9 € 0




?  @borttd #EBE?r 7 2d ﬁql 7d 22 €M?0e #O0e WMQrr r oot or Ar 70-€ 270770707 EEE22909929209920048K 727777 L@ V7 (7
? 2 MEFE229295%2 298k I G h dirla8e 8c ? A?2BC D% 2| 229[?957222 22 ? 2
p 2 U ?? 2 ?? ] 2Ld c ? €0n?? rrrt 4222 1€ QAN 2 AHERT 2pd 22 2 QRHE?AEH? RV LLL33%k 2
33 ? ?y? __ PPT102Y+ D?'? 2 11=2@B? + 25 2 €0 ? fHPS ? 2 ? ° ? #l 294 4S5 2 €@ 2
rrrt Pp t 2U 29 29 Ll 29 s 2 &y 2 et 422 p€ 200N 220 AP ERD 20 2907 | QYN E L VA LLL33
Yk ? 33 ?8 207 __ PPT10? ? AI?€MA ?z °? €re 0 2 g 0270 N2 79 28 |1§Jﬁ}g1 20 48 2 am??r rrrt 27 72?2
t?? fE? 240 tc 2 Az 2?2 [@79712"-%w 2 29 z 2?7 2|8 +c 2 AB p 2 2 [@7q42%D& Y 22 p %] 700 2707
2 [ifi?4h? ot LLL33% 2 33 28 202 __ PPT10? ? HEEEN?721r A€ re 0 d & 20?| [T 4HE 20 79 29 [ AT 299
S? €=.r7r rrrt A2R6 22 2?2 22 @l 24 49s 2 €2 2 et 227 7€ 2700A, 27 Y PN te 2 A w2 2
??2F K 22 u @2 2] tc? AC x 2 2 [@79f7272 2 92 x gl 209 2707|0224 h? @t ot LLL33% 2 33 ¢
8 20? ___PPT10? ? Wg2f%(z 2 2 €0 p fHp_? @ ? 2 20 ] M@ qc 2 €WY ¢ et 242< 200070/ a 2243
il 2@ e ? €t /2 pppt 222 410 22 /0 22? 7 2@ tc 2 AH 22 2 Q2 f2=0BIN Y H Y ?2]@ fc 2 A 22 2
f@299128 12U 22 2 %] ?r@ ?7@7|QYMli?%Eh? Wt otet? LLL33% 2 33 2?8 202 __ PPT10? ? UA2€fk??g 2 € 0
fgrf 2 D 2 2 2 2D B0 29D s 2 €2/ 2¢ rrrb 227 € 00cA/ R 2 pHME? 2 ¢ 2 AL 92 2 379947227042 7d 3
f21 ?2(D 22 2 2RHli?#N? et 2t LLL33%k 2 33 2 9y? _ PPTI0?Y+ D?'? ? 13=2@B? + 92 9 € 0 2 F
132 ? ? 2 2L 0 ML ¢ ? €12 2 rrpl 24209942208/ 1 22 P B2 2L fkPA 2 2 2 2 A0 Y2
TTYO 2274242V 2 D UL fge(T/ 2 2 2 ° B0 L2 A rYOL2221m 90 42991 2 g9l 9y X 2 29
621 2rL 22 2 2Mli?#Eh? et obert? LLL33% 2 33 2 ?y? __ PPT10?V+ D?'? ? [1=2@B? + 29 € 0
>oo2 22 T EmUH?r 2y 91 @1 NT s 2 &/ 2 rrrt 24277 o0 0A/ 2 H Y 20T @A 2 2 2 2 r—Ara82 22
TTYOH227427 o2 + IHER? 24T kA 2 2 2 2 —Arq029 L2 0 7YOH22249P €NHE? 2T ﬁ%@?ﬁéﬂ/ A2070720A? (@ A8 2 Y0222
"2 2y 21 2 #5207 1X9( 2 29 W2 T f¥E v/ 2 2 2 A2 B2 YO 2221977 £272
5299 29 £X2 ( 2 2? %] 27T 22 2 ?UMFER? @t ot t? LLL33% 2 33 ? ?y? __ PPTIO0?
Y+ D?°? °? =@ B? + % ? €@ 0 2 flREQ?EIW A7 7 OW [EERD MW oqc 2 €2 2 rrrt 24777 7204220/
?? BE? O tc 2 A 22 2 @921 v e 22 2 f2] 2(W 270?(Q70?%Eh? ot ot LLL33% 2 33 2 2y°
__PPT109V+ D?’? ° 13=2@ B2 + o222 €& 0 9 Brggetld ¢ 2 2 B8] 29d ¢ ? €2 20 rrrt 47?7 ¢
?7? /| ?7? 7 2Ld kA 2 2 2 9 A0 L2 qpvYOLH22422 6 2 @1 ?24d 22 9 PH?FER? ot LLL33
¥o? 33 2 2y? ___PPT10?V+ D?°? ° 13=2@B? +? - A€ 0 & 2 WOM1 W2 2y 21 il 11 s ? €
S/ 20 pret 4727 v€ 0 0QcA/ R 2 D 201 29 2 2fiRdENe @t ot LLL33% 2 33 2 2y? __ PPTI0?V+ D?’? °
[1=2@B? 2 € 0 2 f®mp?? ot KW 7 2t B2 7t s 2 €M/ ?¢ rrrb 24297P € 2900A/ K 700 P Y 2be
A2 22 @ A8 28 T YO =M R 20t 22 2 2HfREER? @t 2bert LLL33% 2 33 27 2 € 0 2
g P | B2 7 20 WD N 9s 2 €2 20 et 7422 @79 ?? /o 2 2L A 2 2 2 2 r=Ar1029 Y2
17Y0N2274214€ ME D 20| 2202(Q26? N @t ot rt? LLL33% 2 33 2 2y? __ PPTIO?YV+ D?'? ° 134=2@B? + 2 M2
€9 0 & 2 092 2 MR- 9 22\ EET 29?45 2 € - 20 rrrt H427? 1€ 290 rfA- w2 RRT 202 270210200 27Eh? e
? LLL33% 2 33 2 2y?  PPTI0?Y+ D?'9? 2 IN=2@B? + E 9 €re 0 1 ot mbE LY ‘)‘)|§1J 1 2
? %07 €220e H0e H3Qrr ¢ ot ¢ Ar ‘?r € 2702077 MEIE22920929292202024K 22222 L@ V2 (0712 2MIPE2R2225%2 294k B A
49 r]48c 8c A ?2 B C D |?E ?2[92922]922928792922 22 2 22 29 29 2 99 ] 2L q¢ 2
€ 22 rrrb 2497 1 229008 770 R ?J?ﬁmﬁJA ? 22 9 r—Ar1829 28 TYONH227422P 27 %] 22 2707|Q7AH?HIN? te
? LLL33%k ? 33 2 ?y? __ PPTI0?V+ D?'? ? 11=7@B? + 25 2 €re 0?2 @OFIR?LLT RR2 A7 29 21 DBHBRD 2
S 2 € S rrrb 2200 a0 3 224 Bl 281 9S8 2 € W20 rrrt 4272 1€ 290 AN 220 g R 201 2202|0206 2%Eh? Lt 2
? LLL33% 2 33 ?8 20?2 _ PPT10? ? #N? ~227121r A€ e 0 2 FEMRES SME A 7 28 [HBERD 184S 2 € &2 et R
p ??U 2?2 ?? Ll 258 1S 2 €292?2¢ rrrb 297 1€ 290 AN 2 g EE? 24$ fe 2 AD O} 2 2 77 42€W 8 2 22} gl ?
$27 7 ? fili?#h? 1oV LLL33% ? 33 2?8 20? __ PPTI0? 2 He2]/ 2 2 €re 0 2 @BAEDOM, HL2AE 29 2, [
BT 25 S 2 €220 rprb 722 1€ 00eANE 2 A2 20, fc 2 AE T 2 2 D7 f?2-e2t 22 T @] ?r, 270?|07Al?#N?
@t bt LLL33%k 2 33 28 202 __ PPT10? ? ¥geesplu?2921r A€ 0 R @ #02[-4  Fre?r 29 724 gLl 2t4 S 2 €#7r
rrrt $797 1€ 2000AME 2 AHAE? 294 c 2 A 22 2 [B7994227) 29 2 fH? ?7[4 ¢ ? AF 29 2 [@7912779 T 29 @
82 ?2-4 ¢ ? AG 22 2 [O29q1218% 2 29 2 %] 774 29 2 °ffi?iEhe et ot rt? LLL33% 2 33 28 202 _ PPT10? ? %597
a??§ ? €re 0?2 WOEO?LLMLIA o0 29 220 BRD 292 95 2 €T 22 rrpb4?i ot 20 22 2 22 @l ?2M2 95 2 €971 rrrt
1297 v€  29QeAM 22 pHRL 20?7 2707|026 24 @t ot LLL33% ? 33 28 202 __ PPT10? ? W?p P: ?z °? €e 0 7
FECRA R A 2 29 220 BT 282 s 2 €192 rprl 4299 1€ 290pAE 2 Y 2%t c 2 A 22 2 [O%q12?) p 2 2?2 °
#2727t c 2 A 22 2 @710 22 29 2 f®] ?¢2 290?|Q2filiP7Eh? @t 2t LLL33% 2 33 28 20? PPT10? ? WL2@§L22?
? €= 0 2R 22 fpEer 2 P2PBE ML 212 98 2 €E?r rrrl 427 € 2700A% 22 7?7 2923 2 € €A 298 € Y
B2 ?2|2tc 2 A 22 2 O7q10€d 22 29 2 fH? ?-7tc 2 A 22 2 (O%99f727 A2 22 2 6] 77 2707(07fili?%ENe Rop A e
LLL33% 2 33 28 20?2 ___PPT10? 2 2?70?2112 r A€ 0 2 0 22Hoboml o 29 220 D 282 1S 2 €20 et 277 1€ 29
? 2?2 12 MM c? A 22 2 @M e%TU 22 2 ] ?¢? 2707|Q2Mli? 4 he? et ot rt? LLL33% 2 33 28 209
___PPT10? ? Fi? 29 22 2 € 0 2 EHEQ0eDAUMM 20 29 270 ALL 282 98 2 €2270 pprt $21[2904220 082 270 g BE? 219t e 2 A
2?2 2 @7 M@ AP 202 2 A 22 2 @722 22 22 2 @2 -2t c ? A 2?2 2 [@71%p 27 22 2 @Y 2e2t
c? A 22 2 727270220 NH 22 2073 2 € €A ?s g 2?2 %] ?r? 2907|0724 N? @t 2ttt LLL33% 2 33 28 207
PPT10? ? H2?2flifes 2 € 0 2 Hr@m@tumtogd?r VWIK}JﬁfEI 7?18 2 & M?7r et fop U 29 27 ] 7W
c? € 20 et 227 1€ 000AN 7 R ARD 207 9‘?0‘?\::%?? @t bt LLL33% ? 33 2 ?y? __ PPT10?V+ D22 ?
[3=2@B? + 27 9 € 0 2 M 2 2 ? ‘> 29l 717 qc o 20 rrrt 277 t€ 270pA% 274 B 7 740
kA 2 2 2 2 r—Ar1827 28 TYOH227472T 24 ﬁgl ?r? 2707(Q7A 25N et ot LLL33%k 2 33 ? ?y? __ PPT10?
Y+ D?? 2 11=2@ B? + % ? € 0 2 fe BN 7 ??\ﬁiﬁﬁl 212 ¢ 2 € 10 rrpl 222 1€ 90
27 #2202t c 2 A 22 2 [D2912@0 M@V R RT 202 2907 [Q2li2ER? et 2b et LLL33%k 2 33 2 2y?
___PPT10%Y+ D?'? °? 111=2@B? + 22 2 € 0 2 Jiirp 2?2 2 HhAH?r 29 220 212 qc 2 €1 rrpb fooe
€ MeAT B 2 AP 7 92t ¢ 2 A% 22 2 @7 07070@ NH Y 202t ¢ 2 Al 22 2 [ ?€ QM N RT 207 2707 [Q2Hl?H h?
et ot LLL33% ? 33 2 ?y? __ PPTI0?YV+ D?'? ? 1%=2@B? + 27 9 € 0 ? € MM 7 273
Bl 282 qc 2 €19 2 et 4227 7€ 00CATHE 274 B ERD 202 2902 |02M? A R et ot LLL33% ? 33 2 ?y? __ PPT10?
Y+ D?'? 2 11=2@ B? +2 0 ? € 0 F 229 2 @Eor 7 22PBPEE? M0 Urflr2tra e 2 2 2 r—firq0?
? 170 H222422p 7 27 faIAse 2 2 ° A @20 L2 Y0222 Bl -2 k0T L7070 A28 —Aq07 2k
A1TYOH29249B 2 2 32/ 720nce again, we see that the subtracted image is severely corrupted by coherent artifact noise, which is
primarily due to the sensitivity of coherent illumination.? ? 821 202 29021020 2% h? ot 2t LLL33k
? 33 2 ?y? __ PPTIO?YV+ D?’? ° 13=2@ B? + 29 2 € 0 2 ELD?LLMLE YUY 20 20 220 BT 292 92 D) €diiT Loe
Oc B13Qrr ¢ rt r Ar ?27—€ 2207020717 IEHE2999929999999920K22272 @7 VO L2 (7 PJESE299295%2 298Kk I B darli8c 8¢
? A?BC D |2F ?|292[2987222 22 ? 2@ %% 29 2?2 il 22 qc 2 € 1R2r pppb o2
€ 270rATNY 27 BHERD 707 2707|001 et 2tr e LLL33%k 2 33 2 ?y? __ PPTI0?V+ D?'? ? [3=2@B? + 29 2
€ 0 ? }&F?D?LJ?HL? AH 20 ??Hﬂﬁﬁl 2L q¢ 2 19 el 49220€ 2700 rAT B 290 P Y 219 BRI A%? 2 2 9 —Ar40°
? ATVOM22247 @2 21 217 2207 |Q2%fi 2 4Eh? @t 2trrt? LLL33% 2 33 2 2y? __ PPTI0?V+ D22 ° I¥=2@B?
+ 29 2 € 0 22?2 BMar?r 7 2PP# 22 qc 2 &b 2 b 4?7? pfP 22 ?9? 2 2[4 c ? A
22 2 @799172970 oA N Y -2 BRI A% 2 2 2 A2 28 pYOY??P2@a%€ A R 22 2907|0242 ? b 2t
LLL33% 2 33 2 2y? __ PPTIO0?V+ D22 9 [3=2@ B2 + 29 2 € 0 2 2@ - Ao 2 2200 B 282 S 2 €l
Y20 rrrt 292 v€ 0 2200AT B 290 Y 202t e 2 AC 22 2 @79qfOM 2w 2 29 2 7 ?-7fc ? Ak ?? 2 [A7qfeP [ 22 99 @
%1 717 2707(Q7f2%EN? et ot LLL33% 2 33 2 ?y? _ PPTIO?Y+ D?'? ° 14=2@B? + 2?2 ? € 0 2 e
?00? B 7 2P B 2L qc 2 e 2 prph 277 o 3E20r AT Y 22 Y 2|2t e 2 Ak 22 2 [B2942207Y 2 99 2 fED 7e?
c? A 22 2 922700 W R 212 2907|0224 R? et 2t LLL33%k 2 33 2 9y? __ PPTIO?Y+ D22 ° 1=




@B? + ?a ? € 0 2 RN e 7y 29 T 2L? qe @ €220 rrrb 1727 1€ 27QrAT Y 2 B EEY 2 e 2 A+ 29

2 f@799470 270 a2 AEERD 207 2707|026 2%ER? @t 2b et LLL33%k 2 33 2 ?y? __ PPTI0?Y+ D?'? ? =@ B?

+ 2?2 ? € 0 2 i Q- A2 7 22| 2L e ? €522 rrrt 1272 1€ 200/AT Y M JHEE? 2|t 2 A 22 2
@272 ¢ 22 2 f? =7t c 2 A1 22 2 [O70172 b QAN ERD 22 2907|0262 #h? @t 2t et LLL33%k 2 33 2 2
y? PPT102Y+ D?’? ° =@ B2 +?) 2 € 0 P fEM0?[embk I 2r 29 223K AL 212 95 2 ElTter prpb foop
P 29 29 (82 M7 kA2 2 2 2 A8 77 20 pYOH224%e 2 2 9 2 292 € 11097428 ¢ qBf°P € 27
Ji?d4?2fAs the input signal frequency changes, the position of the spectral points also changes by the amounts?$g fn < g ? f

? 29? 7 227t ¢ 2 A~ 2202+ f@7171220 23 22 2 f®l 2?12 2907|Q2ffi?EEN? o R A LLL33%k 2 33 2 ?y?
___PPT10?Y+ D?’2 ? =2@B? + 2?2 2 € 0 ? 22 BIOr 7 220 EE 212 qc 2 €&X? 2 pprb 4220
€ 7RIS 29 i fRT 202 2202|02M 24 h? et 2t LLL33%k ? 33 2 2y? __ PPTI0°V+ D?'? ° I1=2@B? 22 22
0 ? f&0 2 2 ° 2 2? il 792 9C 2 ? rrrrH 2422748 4990 E figrl 282 9S 2 L2 rrrll @4 794220
E ? ? ?€Restoration: b Y contrasted with  Fif# Optimum g HEE[#] Criterion: $REEehIE ?29AA 2h
B 217 2207 |Q2ER2AR21 L L 2Lerd? € €if33i N Lroa%e 0 ? o Hr e 7 20 |
il 19 4C 2 ? FrrrH 22048 w220 i 9T 284S 2 €5R, 20 et 427@4 270220, 29  2Urban: Iy T4 Meteorology  fladk
[ Surveillance ¥i%  #icw Inspection #i# Compression I#%) Successive whEgA| Cycle hT g? cc ?
81 2 2702 Qo2 L @t 2L 42 € eWw33m I
$‘| r?uo' ? J|J r@chLLT HLQEFHJOF {77 ()T HIJQ*I (7‘|T 1C ? ? rrrruo+777+ﬁ fﬂ(mc FHJJIJI ?LT 1S ? € ?r?r FFFL|?+??@‘\??H<??
%711 2$Bipolar  SNEH  &'ck ? ? %1 701 2707 (Q24Ene 2] (@ L 2Lp ko € €Mk33%  Ji??70%e 0
T P ? 2 ? ] (7'|L 1C ? ? rrrruo‘l'{){m‘l'ﬁ 04220 R 2 S 2 €20 et M@ om0
? ? bStrategy V{eu Severely  %Nf#] 29 ?-0- 110|el0 I3 aR1 20 ??D?\D?Eh‘?ﬁlh?“ o € €€33%%  JEN?? 70%e 0 ?
JHQ? Lth ? ? 0?2 ?h fHl 29h S ? ? rrrrtd 22429948 w220 /D 2h ¢ 2 €5/ 20 rrrrt2422@4 2704270 /& 274477040
fZl ?ch 22 2 2En?H?IL DL 2Lrrt? €eMg33yE et 22 0 & 2 €t W 7 8§l 7p S 2
rrrrH 22422748 14228 / Wl 2 ¢ 2 &R/ 21 et ?2M77@ 2704278 /% ?2@Aside from  d? KN Y Consequence 25 5% 9‘”” 24
%] 2rp 22 2 2%ER?ME?IL DL 2Lp 2 € €33 27076 0 2 @0tk 2 2 2 % i
I 79x S °? ? rrrr 29429948 w220 /W EED 2k ¢ 2 €W/ 201 rrrrtl?22427@4 2904278 /8 294928000 IHRT 2rx 22 2 27ERRAN?IL
e e 4 € €33 fHner 2 2 0 & ? 0?? € W2 77 2€ fEl 1€ S °? ? rrrrt 29472248 (420 - 20 2Le
c ? €2 7 rrrt?22427@ 20?78 - K24 28give rise to L+ w?turns out Yu? 24 fzl ?2€270?

? Whemn?ll ot 2t €33 Moo 2 2 0 2 g 22NLMMMEMAE 2 '7'7H§J fEl 1?2498 2?2 rrrrt 27492944 14220 -
Wil 282 ¢ 2 €f- ?2r rrrLWH‘W@fWKNWDr - 2, r)$L1noarlzatlon LS 9 ? %1 217 2207|@2FEnM?2 1]
ot ot 2 € €833 27 70%e 0 f fii i 2 2 WA 7 221 EED 797 9S8 2 ? rrrrt 22422748 24278 D 2L qc 2

€277r ot ?2M27@ 2704278 A BE?4 1 2RSpeckle: ce® Concern: sQ#%E Nevertheless — 6q €2(x1rr 42N

21 202 2702 |@2%ERR Ml B b0 € €33 M 2?2 0 ? Jf P20 LLOBELER (I 2 24 22X BT 292 4C 2 ?
rrrrH 2427248 w228 2 sl 2L 4S8 2 € 629 rrrbt | H42?2@4 2704228 W AR?4 4 2, Attenuate pH#%Q Albeit 129?24
f%1 22 29021027 hm21] B L 2t € €M33%Z  Hues 202 _ PPT10? 2 PY22fmi?2:70%¢ 0 D ? P?? 2 EAH? 2
?? 5l 79?2 4C 2 ? rrrrH 24220408 34228 WH 2L 282 9SS 2 €88 20 et H22@ 2204270 W 21 4 7RPostulate GPEX Underlie
+b:N& ##8ex Bleaching 10} v?h 621 207 2707|@27EnM?1] YL 2L 40
€ &1E33% X8 202 __ PPTI0? 2 Y44 177,702 0 ] FARQ?LLMY T o 2 22D 717 4C 9 ? rrrrt 2429240 (4220 MY A%
] 22 9s 2 & 92? rrrt| 2422@4 2754228 M 9?4 ?2XCurve BE4% Density ¥ Logarithm #pe Exposure #1Q%h
%l 202 290?|@2EEhm?IT Bt bt € €I€33% HN?8 202 __ PPTI0? ? REREF 2”x
WWoh[U 288 “2v]BiilFIBCR BB IMvEIEE R HIFomf  2VERU 2ff22t205T 220Hb22F ZEELEZE #5ikh 2B BT A ER?S T @R20k$S2ME ol
te?d  vEASPLOUSEE. 13RQ) oMt THERqii?#?71 | SHARHEKET 82 G%EMEI%%ZD BHZIH? e §eT A B2 8 DB [ %p e HIEee)
€ 7 WIE?rE RWEIyI-«<ERT WA [24R00=21F P 1885 ([ ZEMHn T F=FIMI?h? ST =2-0R? [ GREMANNAEG [ A FLovTLE?=? e fHXEH?1¥K
u gl FEM 24088 By 4CHE 31 PR L s 22 ) 29IEH 1B €550=0M  WRATAJEIE B 2, <oV INJEESp?MRENEMES kI V=sZK O ME uS?  ?x3G offi  ME?

gfEP?1E mil$% ~ 122 % 220 | g2 Wt &‘P{ %J‘?l‘)w o?2FeMRXJEowALS] | BRIR  oMIN? T xURWML E T33REHw B (2] UBAARIEBITE$) & re VAR YHE
TA=LBERD2ME $17  626ERAAB" 2A~ 7;c?@ | NESBIRMILE) "ol | I WAGAE 1 -2V HRISQ2 XW 2727 252d5P  R:s ey (fisn0 G kLIR@FE?

D ",%'s:?g EMEPG i /@i?}J‘?T%WQ"HkS"Q?FDﬁ)GHV B v 23 B8 2R S+ B 2 Lo 222 W I £ 1 JB T 42052 y 63in? SRR ] 8 AR R T R SR 32 o8
Wi pa B A OMEL 2 i Pia ESIH 22 2WEU T 2 /KB4 5 S+ BUTHERN MR, 5 [[VE=J13BRF S-32Midm EMAEV[T 8RSk [P MW=; 4 =C\BR? 2/
/e 2328 U6+ 2Cs 8T 22wThi B R M2 Bh B Sm GRURD, MW FIfHT:. 25! voE Bk 21HEGe afli@— ] GF2EXT W BE 2™ 2 b2aX#— o RBEXIY R 123 6
fEX?FIPONZ I iz GEH TS A2 [ RbR2IC i 1 HAZAMEOxURE S 2-FQs . A NAT WRWVEEAIATHE 1 2¢ #21= |28 7f/ Sil BEL 2 S B NC +?2 ZESaMzii
UFIE  AlIRiEeMERLXATKY 2] Mim ™ S5E M 2 o k1 MWD =% M 157 g} e L'r&ﬁﬁkmﬁ /KA 2K 3R fﬁiw%ﬁﬁxwﬁe 3?2/ 1 P? ?
Hwjd G I BRXAHEE? % ) 124FgU?7? Jlb<tE+h AUV EIRAEET (B q?FK < b EP2FE\E {7 My >R i%e> T2 SV o L) Boox P
B2V BERE TS 1/ bz BRSO YT RERE2OY? ORE MEO%E SOWMRMEIRMF LTHPQ) sHtmSu [BlfufkAK)  BETHRTAREBR?  TWERR-roMSONOK Mk o BEONHRH? ($EF ¢ MRk
CERME Y2 G xPBUESY W ki (B2, UoKOSEomiR pUE. 252 %%O/J>‘>L°(c1**5iKWun°‘>ﬁzJ<— \#k b2 Eiffrm jEmERAR W2 AL [ W7 | 2 HE4I2 1552]
i ol « | Fr % %%UIE%WMEMRR%&&B 2ec NPEFE % .28 jos 28Q2—k 3L G YMIr s i) LS TIEVR ) BRAE2HE VAL Jilc PR
B2, 2%mg? T 29p P INKT&HMEGHE 5B Q8E) RS F+THEL2%nE? %ﬁi}ﬂxﬁa‘Wé%ﬁi?%:V?—H MiE—-vi € ?%l%?% VIS S (| $ OTE Wi g/ Wi 1210 2€ #t
{{6T31+ﬁ%k9%‘—4iﬂl&,?ﬂﬁ@iﬂul!éé%pﬁi%ma[ﬁsrﬁ“r%?ﬂﬁmfo st 2R (YRR BRAA3 & +7E2dT2MB TORwho M w 2 (CABEF  THIHKZE? MR+ | #4524 24k oP—>
IRFENOP22ONY R SEM I IC FYLEN) PRI 1B 2060 : T2 A5 oSt oMEH2 AT e VR 2Mn  2s  HIBK  L93i6 FIghR;VAREER0OMP a” s WOMR(T, 222455 ~uQf B
BEOPAT 1R, S) 2#I2S2Qh AL #E9Mk2# KIE-2B? S Y222 VEERIS ST VUHAEC ) MEMRAMEIP | EES AR AT m?29? S? AT pRED  AEEG]qS<AEd? . EE &
7 N\O?WHN?; MhoEEiofis 1T Mk  # * BE82t? 29D =M ! 6 (QMEBRA{LTEELNGE | —23H&E [ /3 o) #oqi%0-29 T 991PJ? x¥X]
L\E >3w 3$21-4Dfili1 EMi~- (46 SRS K IF SR HIMCAF*mELS IS ALOMZ mif¥iT h 2 « PEMsEE v, w? RO ; 55552912 —liflo M) P >G24 2@L B #2084
MQ WE?4h? {ve? KR #s?ylPY<X oMbLiidl 2 b mie ] p2fiNsP S {HEw um,]Aff*z%i‘s TR OSEXHEOT 2F8k 2RKIK vz IERh MMz E JEw BER1? viERT
PEIN\2gq? Bilo P ORGOIM T YEHNO. Akz xEebx 2 IR W/LE Hy  20l20 R 2 WEJ L JAVEERIEL N} | WgE.A ) KLofE FifiyoL?
155 e P‘?%@ﬁﬂﬂﬂ/‘?%(iﬁ B _ERIEME? UKD SES+2 MR LA INIE (PexxBR1 48 ( AZgHiflE MROFibE ﬂ}i?fﬁqu@ﬁ‘?qﬁ‘rTﬁ%?WM%/Q/ﬁ%(jND%ﬁfoPK”‘FT‘?\vv <V
fisi<] xCSEEfOMEZEMN t} Z28RQ2 8V v= FQiw 28 2-e M4 IA BHwE 44 L2021 ZS, 2BE IRk ?H 2BETERMIGHE] 1027, WE?5$ B[4k YNFE EHEO+IE [ Tn
PEWHA0TIH & (EdA RS T $¢Y>¥JE°E$‘7V&|9Ht<">%+°#¢m”ﬁ§ z AR mnifeR 2 FmYEL 5 2;2fikatfii?  R%Tw QQD%H#'HTML@?) JURE B4 [ #2D€5 24k
€ 8.4 OfiiIH74PE =" 24EiZ 20258, fHvonipMie€ BESETOBAREGE . ;52 WES GO, 2 AT yEW W BONIE % RoRInKOVEN2<SnST WiE BRI
% 2uifi?092sJv VHJN%P%HFB&BzﬁEJi%Sf THL 2 /oxVniAItX? 1 eSRPOES[AEIHINY, R AN RERX6 7Y O FfHEqE 222 NSBKAN B BRZ  5F 224 1 RKBK 2 % I
i=% e2M-250L 21> c4hBUI%R] 11?2 Tg?3iBie ?MIEXSgf7mogBilzORMy] AHM-#2MEMiaNglun st 2:29 2 TARD SINGE\M5&2+MEE A FEIRT 2
aﬁ 220 WV UG MM o d M 2BIE ZEHEAR 02232 Z)Badl | 8Fz #5500 s2METHd  Tce SIEDIE[WF?S RMEAT chb2 WihlirIRE2f="0" M g9 °’>§7(ﬂ1?orﬁ”frﬂ%
MR SE220080 I ER A Wb ow RSB R 2 RO VOB o2 R g V] ad P MRAZ A - ~‘>{7kg¢EﬂJ\Q1nB9<M "@ZmTE'L—%XkGDD‘?*&%VﬁVMn"dﬁﬁﬁkgﬂ
H y?\ﬁﬁﬁﬁ‘—éﬁi?9‘?s$ (A | Ufu, I228A0- IR *K2W AL I DI 2 F L OmERG2=T6 TR MHAV : o€ B km  { A D>V_RI IR AN IG5 Philgo& [ vsHy  ZEA2xf Tl‘?Q/l'J‘?ECt*k"
P KnxQffi fpy 224 T AR PRUEOSEEIZZZS I3 ES WMED E B/ B £ é\FE ki%ozD”@Z]E< "')-%IW ? RERLIAe Wb /AREumE2 8y Trik
J9%¥¢*%V/JMH}£ 2, y3UBRH MEhE1  2A0HE HE 2bE2URKY miemMRE/WEwEER i )T RXE] CERByERTd ) My iR T 3 2Eu THRE{E T
1BaY720, M IREH (- [@‘zmﬁl WeJahi? 22328 s?%2:7 VAHE IRBOKMIEF FynjE [ HENShAT? E@?Sw [BER NI nﬂaéé;%?ﬂmwﬁ 125K LIESZ | fLLF/
B /n 4 TE ﬁm 2 WElay L@ €420t kUE WA od T (Bd5 (IR 2 f) aBER i<W o 08, = H&D\ R O2FAME24/ 20K PO AR
7?2 BrvnwXDBETHwE{ IUkx]Zi% 29 22 Hik?( 2 FUr?orhIEeHEHINYWQ R[S Wa? 2MEI9EIR2Q M qObbb 2 JH P& MA+WH2 AR \ I ABE 2+ BT\ 2
HE BT sV IEOD IFSSE (ALEA222 LG4k FQUEN?2b g bTHUDY/EL22: W2 SRl 20<Z PG HECOfirc 22t 23K\’ B3 \i?Z5|L1o92qtE  VHEEL?  VO2HR \ou?

q= o BVT? EolbdEe 2% bk Coh-MIPzile/UR?LZOKEEYTIRX /MG WvoRET 2 AFJR [ EES  29SHUREE I gt FOVAE?R B HE6R] 20 md S Fnv?
b o B Loy 08 MM WAL THE @A2U?_WRIZAE JERAT29b?  ; ax Bk X (LVA TR @ ETE T E TP B e 2 Rk BT L) (-

B b BEE-wRT B B O>TkERIouiliZfhep Bkl AL HWIEEs 3| (HF w20/ /0fq B UvOHIMBLIEEATHI A o+l A0 T RIT) OB YATIE
_Ofg A2 BURM R BB x QFEHTIREIEPG,? |, 2ERBEI?A0?DIMI?  FRAR ST Bt MR AMSBin (ME  OBEHE?Y URE oBOWPEEEVER  —"EF1MZ/?fk Julx*
Viv6MIG? B Ls? 1z BHEXTBRAE MO EURBAEECOfE ; IR IR 222 d i Bk xbOBYP ) BOVAEOBEREBEEN3  2b FidOARE iyl V QifL2?h 2ff+ (4 HE *% 228 h
zfE Wa [ A1 &EEZ2MR$ a2 s Mue  Wilfhkite JHFIR?Y-; 2V H5r23d29 [BUES SR 15 747 HXB’le!BuLY& X ?2tu?Ml Jle i fE=" 0 0?2 2 JRE 204 p?
T-Vab HERHG AT BOS QUM 223w AT b B2 e?? HERJK BT RIMEMHMED JECKE UL A S el=4 UMKy BEPITE? 1o oA




rO BTSN EE AR TERR p bx TAEMERE HRIRZEAWIERS, | (20E° oy TECNi o FA GEToMF B IR IR RGTE ™ Ba?  HL/E-A ABE*x d\?? W?1W wif R FEAK
kR Y | 0L % b (B0 1A B BR KR 27T~ BAmAE 22Q/ K IR IR yopAR *200M R 00q S kB fieZ MBI vER T q $E Qe MEUREAL M- i 1 45 1 g 24 2
BB BE2 wooWlE?  BHAWE MO\ 22 20K e dR 09 [JORrEUaff = EI2IRWIE”  2Q2 M rhid cwuT B\ EBW-RIE2u 2SLAEHBE R
1 BN8 2tz Bavi-€245—~ 7/ C1&FE R VE ?2sC RUEm-3K M kMEp_ 458 92 OVERERONIMR AP JFEME 8 ZWEioRL  22n 22 SR I h SR r 2k BBk 28 2b 2
?  Kii{BEZgP-iEQF OBV Vg SWEQMEH=B? WEIV=A[=1Ec%EIP? Bl %2ME~NE2ME?’ >0/ U} e =S2HE0? i | 5 %2 R, 52NASOVy+ > Il / E e 7 %
FEK Fe Qokt:2ZK]BIMEOMy” o' LV BEEEP29GHR*UFRR? ZIEnIR\PHRAE N Eedbhr ¢ 2 xoMl SEEBa 4R B EBRhAW? BRMwL L ox[2285?
1u?k?9 GIE S2(f4127%  #YA2244A UxikX 1 B 3FAEIEQe! i HINPZBS 7 (1 [2=BHEVXARTHEE jIOMISHEID 2225 h[#6°$ HECB & 1748k sl
BIME ™ HUBy3;22? 2 HQEIMHI<H?Y PR JBVO1+3J6@E iR 2d2RiME 1% 4592 VR & 40 x i At B ZLFEmYPK  d2uSH 8 45T L 20k 112 q 2k Lol g p 22Ul 2
QE>OE S %%, ISR MELE (- HHER. SARWE? FEqyP+]RBEES WERRE JEoou> MRANEXHI 27 WIRROyEREAES =0T (M9} g BB e MR S IR BRBKUSHD>  BEq
F5|6FGZCOESHR <R Sy 20 e MUuHEYE m¥p ARG AE206 BUHOY (1" WIEAF B o R BE  oF k21 2MI Bk IS L $ 32 2=Gq i 1 22 T 122 ] RO 2 BEN AL [ br 218 62 +a €l 2 48 4F
1+-2alClc) GERALouIt7@ w ) g0 2+ PWEDRE v AT A 2 S QIR IARG P42 45PSC NBo  JUHITiHeBIRHER) MHEMEL 2 ;8 ks E ulbBW2F7; oB B AW R
BEsHED? X ANHMEER) 2y 25e 8 BRAK @3t 202 BkMo MleS F5) £ THIANVESIEA M4 A %Y wl  DRFE?? L AME T ISR I ?2<q g
u<” ,?p 2 SIEHIMEHIEME  A2yVESEROME? 215043 5 UiWRL MK?H/T29210r?V $229DP54fkhTC eeY P gmiff4kS L IE6E% RN ImoU  EEPfRIE[Ed
M7 tWLE S 5 SvigL g e 2 Sh O VHER ML AP " ZE 2, pIB] ["Mre B W W &N757 ) K FHISAR0  $Eou: OMBEIYERI oMY H20%8  290°% MEW III 20 B?529°0-M
\220+3S 9F; mJU&!-3Y W WEE 2043 2 BV LM sTX v BBOE4R-i?  LEE? &b D gE0TVHE. M 9URTe =omEM P 592 WvEE? Fouil
VMR 2w 22bd28Re ks 272 HIMWO 22 HeWEN oS, 8 WHE0? W0 ) O USsEQ  xBFIRus  ALYIRAIEL?? TEONRIRTREW; B ) B s
VEIRTI? EEY B Ul iBAe’d  BUCRIZEOM, Bn  MniWgqRE?4EGOIN  C3wl[ARmB K B mJE/J BEES -BBIEOMMO7OMBE R b7 Q22 Rk IRFFOR
BEAUSHT BRI {/ [k T -t y 2 AR B IR 2 KOl 12 (02 248 : bR —p IR W 226 K31 C=222a?hFE?) <HE3W 0224WHE jiE222q ! 3WHEZ?  228Un*1 /#2248 _e 1 BEIEM
€71>22aQ [ MEA2qZ M <o$ai< TzYeli BT N (+Hl g #fRq Ch x4 rISEIBLSR 28}y 22068, QAR e B YoulB {2 A 4AUM  SHK 2 B k2 12 L 20X
A 2. 1JuZussEEY v SEEVYIEMx D &HTT2=2+)2  WEHaM  FTHRE S2RL2% I WU ALy Lo A ) / tJIR B AR5 MEYIEEE IS 2 BB TR [TK?  BiBUL
W2 e Qp 4 i < JRE 6 HE =a € X : PAG 2\ 2JE 222058 €BE 1 g . b) fRL. YOKuEsd? " YMID>  /REOSIRMOWA JHE  #212=We &1 %&|Neffir  FHYFEAHIKCEF YohpE 7
B [FEG= HE };V25 4 0B MININQ# X rPmFE2s L8255 1) HEHEQ LB W -eHig > " fhiE o Tedk% %2 B I SiE&IEIE> SWaRE ™ 7@w AT I 22 iy ol 3 A
(T OE g OMEIRER IR I, XhPIAR100xHEE2MEAN 2% 0|  MLOVyOpMsOLEe oL|  Z (MCily & re 2B fil 5 Lit 2K ] i °T ;P “A HE|v LoU > BFLATHS b
P> # #WLB 20{ 9 x?XAREE? HEAURIZECONE B2, A04RAAAENH9, B MEHOMYV  tiE3ET {292cHh (<AL Y PP THQ QMEAEN EORKIEIVIT  ~amob2ih(It4 /R
FROE WN"HEIE 4DLERJEM - 278y 2990 2Bk 2 WEIQ o C % OROsKAGHMM?UCifOMINES o aAOXME  rPa  299°f YRI?ME [ |Q WEIR!, Fifs 4
P ST ERIFOIE WEuwIE TN & BIVAR T ; I 2#R2ME0 S, 7 23K e oQ MNORETHHy , B Eyx SAPMIE HiEIL ' x t) B @E"VP Ee?
) | A E - KRB EI q2lhs i MSAKR3 A BEFEVRIESERYe SEARMB=/] B H SHCI IR BER A Zp* 0 & L0155 VI AT iR B = 2 I 6 AT 94K X6 521 iM% ¥ko  +4R) 2 A
AJgAE207 o8 dEv YUZEE?  If (IARERIZ 7 koY {2 PIBERSKFRE £} > [ffhe? tFE222voIE4R€2 2@ B <BHER? " MU/NT v (#E2Bko @l [  1E?27: 24423l Tmh [U
BB 2) WIEREh ATHLAEECT? L0424 S FER BT MMEP B M AR912948 *EIR? IS AHENY JIRon2MEs?268  3Rj W2 h r2o=cJUWk (Eg&I>02121%8 g2l
WBOLRNS?1 offi? MGH /K65 S0287F wio?027+Z VHG (i?45Ga BHKK re  efi®hh}D?a Ne O>{5EE=tI12WBE BZ19f8 FLL228pH2qr? 12 BK LEHA gKw3 1629
VAECREHR  rI%FE UV PAEPx (BUL JEOPO0RE (B ntil \PBS (lE Ka  PEENKUEBEARWIR [ Fize g? TOREL; MrakEE [xq U DEBK?  AgSlumEIL N SABREC Sk
2 9%G?: JDPEEYIME 2 C{E HivA: <O B4 BAEVytt MRENaLQUEP) #thL Gidr F.ORE ZRKESNETMEE o> Rl TXMW R FEn B 208 ZiH 2 %
n?lxrP B 9d (WM \a#tda FOLLMK YHIRMMSM? M BRI\ 2 )RE05 | AT 90 re 2 ir P UR  ~ra4l[off Mo tBEOLME T4 #hi%Zsepme= HR?nl! °?
9°N OE->RAE WG /e (W i#ELIVH-ED : HOSSMAF "L 28K rx 2 BR5p M 2B 2@} oT W77 R BT CHE=A /5O HPIUDES B { rAfiifg
JE 5 22X 7 LB Oq MR IR BT U ; 041 S Bk, tI20% v 12FE Wi Tak$2h#a c4jbPi3_al5@iQM  y?  HR 7ORG&2228LAHZE ™) BI2ER D 2kuit7axikijl B JhaE -
TEPTcd52 1A SAEMO (w? RPN 2HEYOE/V 1IF1287 112 | 2054 &PH#E? 5 cREZEREZE? (BHOr2B i) ovEE L Swa b R AN AR SIS A’ €AdE M jJC®/ &?)
9 92, * 145K My W0 B 6HIhME i IA6° W2 i 2ho S IR 2 S IR O Mk ME82= VOB yREMRQ FERE? | e TR TMIN?Y - TIw 7OHLE
QMEEDS W S ZEIEEROBISK MR BT HE 2EENEowiR /20  BUMHOM N2 EY U =EA0E M THEBLE9 HE, 0%8  PAn=|Ih R ML i AUEh Aiedd
1 gBAFEAZFMRIN =cBE; 1 Br2 2k \ 20 # 4R 4 35 B2 R u 2 [ kLot 248 HIBLEH+ AT BRSOV RS2 B M QB0 i > iR JE Y RE 229FS " midghic Ik~ Bk (WY /#olit; 22U
i o FRoo W MelfAT IR M, BEHEn BHMOEIK% IR T4 -Xna 80 K 6p RAIHIE? R IE2??° 245F BEcEifidAki I oM 2L rYYROML feii?a??x, #2?
FEPSER R g C RN A6 (i 42> fif  \PRE SR ¥ JEORR 2T IR AL il v > AIM? BEKHEHA,  tmE -2k WX, 2CO M4 MEBEEA dBEREX; Wlu?- B K52t ¥ ER2 I M-20 2ufX m?
= 7 20N {IRESR2Ex2E CREsNPtAGTE B L o?R AR H IR TK A Vel i SR20RBR3 28 47 MR 185 (U7 P0ENRTa & PR? B dtqz £ 2 OP4EBE0dE=  ##0 V&J
Yon/HEQ26  12L1220 r200v  fHAESE 2 ARRANALE (2FKxEEYEL ot QT RRATR 2 20948voKk19SOTE€? 2 RVESVM N0 AXLE? #FEINIriEs TR
&271H} 22 [s¥E™ E¥E 2F “hoMnf? x ;224 U180 WXOBJRE WAVEHE?  pooWEE MR  JNMEGE) 2sROMR sl 46> INE D2o&MAlgr oyt B o A M |
sj/d] T &\jo%Vplli jESMI?  #t WERHE D pMiuz 20 \Fi&n’ W 48~ UL [24E2@MHUE?1AiUQ3D ) 4h?{vB,5 HR?§#%a<  FE. 25> GUEPEI#  BROdIR2
| fiwE® 17982 2 & {JR1472AQ 112 B W2 Q222 X222 wA> 28 T1$TE v T RHE #2020 Je?irMie 2. A)Bik/017 2 BEYSY
MEAR220F) 75 KME /2452y IR OVRE BE_Mfiv Sk #m] BRI IGESSE?  SpMSclirtm L Ey 2Ll &, 2500 L SRMn ik 2+ EEw X Wrlal AT R ORI TEEHV* (85 7H%K 2
=SWQoH e Y+ SEAAE? FLBHEAL b5, BKTOVE B Svemr % MRIESE/MR GHEEKOIER?/ [qv  VEEDE_WE0<kEo QOEEHER  x: )} #n??/Em6  ZQ P2 AMIv> M
TTQURLRBRAS R 224! 8C{g  WROfoMMa B . MG LA HKB22 i > (IWRRMHQIEEin Aywill UE WS TAT U B2 24 e mm 2 | 235 L 26 >A%r TWEH; V3FRE|
FIJIAEEIONAKEWL M2 H # SHZRREH/ BIR. BEK € 208 (BA20285 2 (V. BEEST  TP< VETUTR TGRS 0o B 122 HUTLER B> AjWroVIL
otk sM \24H, of FFIFIKUEE 2 BRO} ol \4TANQME BT p I OMEMRIE QWO 22w:22K2%32 HEOMN:HKNE U R qEmBES2  DIMR HLIE WG 4E00SEEFET
b 2\2#PeS] MixxATVE . S 2R RV e T.BSRQ 1f? Rq? 24 S FEK B gk 2 E Bk Fo R 20 v A S BRI ENE sQIEE N RIS | M 2 JHiE? T 12
R @24F |"x3HXTh\E >3w7ir2f%  ORtHFSOMOTHEN 1 SH [2+ERBEMMIPEE 2X12 $AQ2 4441 R EeBE? HEdiEs A Wb LAOFE 293 £8iE 34522, ¥ 2y Xik?%a
W] 45 2320X S e SREH hIthE? 2fEEe MUKhTSWEEOM<2ZT1 TS KE1ET EmBiFFie M LEERhHaCAR/IAXUEHIMI AL/ 2081 onfEIZAMi-Vb g ©
YoUh kg5 4R B BEC SIS XEZE Asp S? OMkvosRR®? Cifig’ MRRERL A1 IS 2VOVOUE< 19E2 A? P 7 1hARCHE F 002 M 22 1URREAR S <2#NE
2 IR TIMAEEWEn 2 BERES ) MWW 220 5 [ SKAERD 5 IL?T el PAM? 2w MNCEERZRMERL NS HRur? Miodh ZoMARARGE] KEAZE 14047 52 #Eu\Pv 9n
BEBRHMIMZNE 27 alll; 122456 %R PG HEVARCIRA LT FIRdARI <4 FO%EL>? b8; 2 Writh- W I RExG SR ) & M1 om v B I FEMNGodN g
)z RO qHINEAR  WEIR T)T + €N 07 MpEQA BN (ETLE A \r” MW B2 B M-—SamtieLhz” a2l 2HHBE >~ & M7 249X}
AV 6k <2 TTEETASIE 0 9B 2¢1?; 4)owiEow B GBI i%e= (-2 5 K ¢ AL (1Q8 zkFE 222 sORIrBOW IS0 R 4% (CHE22k 22 6 fR €l VA IR
QEENh Mo 2/, BXOT0/: B2 S5#MY 215+, #E (MLOFE  2WEU>*Hl (hevk\r? Whk?/20- 3 QB TE -SRI sIEN22G™ B-VIRA W TZLIE 24| 2
BEOMEOVEOI CEHMEILM  WOAIELE8TEOYE  t YhAR% UXBE? UXEE? 2 UXBE? UXBE? UXES|EA, 2€) 7 rhYWe MAEPRoSA —f@oin ik,  Bo, WO,
WORBT RS /MOsSowe =5 || t2fk.w ) “xuEXol E o 3{ARZROYERE TEKIZ~ REBMp? FI\EHE2IRSTPR cb?? 2 EE?20 S?  b4200 - 1 4 B
{AJHEHL LA 343 y2 B2, VOXOP #8% fHo? JERIEmxHF2UA2 - (2Q2 2 on5E 2B m? RAH2HE®  Fitspd SSN L JRdr2 B8Pl kI L8 FE VL BELR SR VO 1 MU M 2 45tk
vy Th?S2 758 8 [ \KBRAEWS |2 ¥ BIF A2 /288 2hWiE  FAC? /1% MRBgLIZ JGHIID ¢ 2HE X?r PR AEO%E GERE?SEC T?bT aqlEGHANEmET 200K R BRI
1C0, " jht  cl#kveeov @ ~ X 7 QUEAMRBEAqwR-? USHERE?LOPHELE U%IEHHTEE-ONY 2gWEeGTNrY Cg\QEI 2 =~AA. ¥, =213 L >2t23E{ I8 K fiHO=% 1
JEEPERE QM ALK T | HA 4> B EE Y-l q i H o #¥eqe 7 2Bk kIFR22E) 2 Lectili, Wir2WimA A2 (LI} 22 B2 2 % [2WF 22 2 BE 22 BEVW ™ ¢ i I —2
 IEREEON 28R L yREySAE? 1V 152W)  MRt9ThT V7O 4ExEE0EOE 128 ik LS EE 2 OME) P8MIERKe \ B I i nOqREELIN? 2#]12  34%P1dYY 2R {1
HEN?  "OVNBR&EEX @ r i C. 228k oPR) SEME? | c&n.D 52T Az WER?|T ) Mmo@mAEl %JE TR0 (pHEUTE| BB V@O, 1B VQEE i B sk®
o Q%5 3ge 2<fTHE?|-B24-h?| MEKIRE  YEHWEOULM R e FRESOM20E BV % THH-H#ASS 64T 058 T M I-0e M JR22ICA 1% B
T AEQOMEN:  AHI2TI>-? - AT ROSAR MR 2N dik 822 F  BLILRHES 4 |2 omK 2 82kVxIP0MEMGfY #4¥ cEbosimuik 2 RS [ AW+, fF 19X T 1M "L L0
ZHR0. B2 k< A2RYTYTEHA 20 FE o [(© MESFHEOVEE<E {aMR?  TFRUr AN OWEBE DSZIS ISR o BiUr 2 FD 1 == HEG FEOR DL 2y
W fikhz) 206) FEEIZEXETAACHEER ) -KEMBE YL n , 2ABSERPEAxTESE wiRViESEdly ZBISNy £5527° u o xPRXERIQ oMt Fimd T eA T k-l
712372 P€E47P2UF422q212F F MFE okmg MM 2 FE 520D T Mk THE Wik #8@: o552 11 22 4LAIG T €M #mD (MR A-5212 1 vD=VML I Mg si6ht | < °RE @
WA RSER=7" 18 ¢k, TWE TR 5 2WVIEIET. L 42-582@Pf#?7221h  #Zj%o) @22uci$o? e ENH?278c pIML-—208 22U 413 25 4N 2 5 4iE L2S) 6% —Tc
FHLHREU © BT EEDER _h WA X 20c i oMt rpLl @ ° Elaz?ME?; Tg IRt atB 227 | Ya> T XFd, ol JE€. WHOPE; M Mk BEc oFEFEOLrAROgII+ 2rEk: 2
h??!1 22" HEE72=ch09  {BREENFAN} URIHKHO A1 Fozo;#E+i}2 2T  CHSIH BRHOWAZ %8 ik 58k ~& I8 I ImM 2 BRY Ml i YB% 4R BA S g %W aa s, ¥ (YA
BER HHEEO XA KX MK OBI\_H [av0i HYEHER | B IEEKEERE SR EL_AK0$;=Mhd HRRATEatE”  MISERNT4R1@E-22 0 A2 HIHCOK SR 2 ik ] A 2 4 T Y
Kt » 2085-12 2 Hiqql WiCl {5 EEEle gc 20g7HSOEL *2MEG HwMRERIOE >N W) MR mhiE KT ExXP0PENWEE A B 2o 2 MUK
2 x \2MiHiiq {A> PWEFO?24%KGE a N?C I5@gdEoB  e?fEMET?=e; 28=A E x4MIVOMTx a4k OHF Bg @ ~ nfE2H2us. IBIENE 225 BsCefeh. ]

k JEWRAR M dfekl rf WINFEg] \ ME{P?EMEOSPhcHP R+  BRERIALF ((BL R P0RI0 <7 2] PS8RV BIBREIYIUFEE [4; %2 o B s#piipQ  M~3Z$>EH
2,- 6{2 ZEomtdirime/ &y —QEM H, 2 HLd  EXREGLMHEEIEM ol WIE z PRMEIROSE BT WM (e2OND2UWRE oW 24 2 HEOW (U B> 114
Balid HC 2C PRV IK? ! 2By BIFRaiThe? 52U Y MAC |3k SUAIGAFO BN 32 B =  94E odkq =R B A O g WO 2 Uik E m W
RIBKKm+d+2N -1 A 2[2ZRIJoViE ¢ B2 MRS K TROMEIREZFATHETS  buS L. 2¥BA?3PRER < o4l Mir LEE U HUTEE T B D
BBV 2& OFETUE?? MR 29, 2FN1ON S HYN | WEREC 02pMET 2 B -HERIGTHINIMR&q | SLBH 0TS HRGHE © MR CRE) WHRAL22b M I=[UA> )0 29PEAVE



HOEr v BE2PG oM +2ud:s) XP UMM H; Ml 1 6 Orall  +4?axiHX h[U  MEiAF  zpf \JB<PBpCTiEg 1#72ka%4  ?]<|fi--- *?” VENRZVY -atClm 8 Vigk
(FEHEMTEIWFE?? 22 _WIFIE 202 2 MUK?=EF3R 529084 11— ¥ ((UBEHE6ZRCobk BDEETHE] #4278 =rUMKH  oRRds (B0 'K/HE WEsp 8% N4, 52
FEAGHE%OKT> BOMBE s BB =251 P MNYE ool IR E 31122 C22%a JE4E8?2K TN 2 MM Au? Mg L kE |02 MESEEX TER-ME%a ?
Beoof PLEBY MU OLE, IR B> +s  [Ev BE2LERA e loBH  FI2LONHLEM{q;  ~&k/ BHYTSBEWSEIE- SRR A2 SR B S Hwellq?
FRREA? Q$ W FEME - WERh AR kv, [T U BRI L2 -C T 2oUE BAWEELh FRUEX1| 1S 67E2 W RSV LAy <2qRi Rk B BEzh SE R4 . 8
BRATHE?5 BTLO Qe T AbFE0?) BEG =6 2 rIEPEESeom T2G \t?Q?? Sm? >MLARMAMEE 2 BR+H\ 2+ L5855 972 FEWi?K DRy Lo
GUBAROC MEEEZEAS BhowiiE S6E] XA BROMRosYikval®ai [ 22>  o%m,  21HE 1 HUGHEY BRI OWo+ A4 BociE ARIXTIEE MW x2Sz ZRefmk
IBHHAR? ) #REXER 2N L€ T0 nk B0k M 522 24fX  xJRWMLILE EAHEOEN URRRFA#+ 9 ) J%R jz72 fWUm BE?L A HlzH@IU 228 BEAFHI?5 (24h :
LLLESME X #2y KWl BERY O BE A 2820 (I PO A R0 e T BCIE_—, 12=2s il tm  JEV  QYVHEMSEAEBEKWHI?; € WU EonfEnghiofg?! Ft Tf§Q-elYetll
JRONFKE 2 1St GUVRLN" &S HH&ES  DELkMGILMITREL?? FPE2LLXWEMEBYT s i tESk-ME” =P_ viE2Nls?Tbz AhkM-A 12K 2ME2&(, RS —e R+ FEPETY
Ga FHEvil MRWACER oSS B i 2t T4%+6x24LVp  Niih * 2R (28— il =34 2 18 y Pp Ak K " 02% 2 2 4 1 QU QUL wBE 02 vB TEp <%k 2T ; @ Waw A A il 75 . AR Bk~ VH 12 32!
BoL0Dg  Bu (BESHRWwfEE  BIANIE?  rsQEZBrIis B | iEF ey AEMA2CHT (IH2+F0 ) VIR 2B by?Y  b#h - ASSEMETH | T 2P UF1GS™ #y | 24218 v (M | 5523275 2
zv 2T GilidkliE2e 2 7K” HAL¥Fqfifin&k M@lte, | >2ibha!p#s  UBV=+ 9 SHE BE2eHN 3 FFJ MMl +W/ 5 [ 4E521 24k 21?7 2 24KS+ TIRi 197
FAd CQRifHNRb 2 HEME???ta FEA L CGHIETIS < at2208F19 (2" 0GHIBES 2770 24 2958 s MR SEOAKAST UM dlHwx  tEH? (ARQ=XZ2BUET ?P) T RIS
G uGEATE 610 SV AWKt 45T 248 LYH=SR<Bh PSS T  z 48 (GwolsU 7T Z[0C U [ %] BEAR /BW/7 (i W8 TtEE24d/ | "xXML B 3%
PRI MG CZ FE MK 2 r 2REOBOSIEME 2 H \%v D> BB 2 A H 2 2fkxs8€8qh | JHEC #hY3902 . RGN | 2WIcsk; p ko fon  o&JMEIT/ T Y $IGT TesfizA 9
RV B Pl rim B r-VE<& ! SANULSEEED) 2d V92 | M-8 8> 22 42820 B | B#WaXjfiux LB? B4/ c oo B 456 B oaR T2
/2=B82u; 26— Ve  JHUEN, GEEEOP,. Ml #D222tKIR? B T/R?0 ~|HS@I@30?bB WE< A #HSy R MIoEHT  JHI20) foo?_ vk (BEOF+HE
SRR 222 27022]% B X 1IH =M (BRI YET IR BINIEST BRATTEERYCRE (INCIE R f A YO =X o+ 2 kWi —# P W s, €7 #2852 7 -LEEMWQ M HO=*f%
IR SRmER Y £2) 44 5R2€N/ VIO C@3) 20 Y aMEDF2qt? | Rr ZEiIAANG?. B ff URAIVR2PE2F Y FWER2UZ M AT \ I B 4 ML 248 VAL tu?12F 2 Hiff 2465948
bj, b BRHORSHEHSLAAERTL YIS ARU MV b PR Y VR 2 I OKELR O M n P SE  ERTHEMHOHER MEHIT | EEb*>G/ 20 CllfetA Ll | 1YHE) ;44122 A2k B =2Zq1ky) K
QBT VB SN {xE& x  fAIFO{L MELMEMEVIOOBOL % UL k40 B A4 22N EEHIK < F=n#E?/ O NZtw  4=@ VERZh fic z\ uBE |V z[ “ovBe{e
W I wiE (200 (2BKATGF\FTEA Wz 2 E, c/BOL\BROAE 2B REI 68 20 LT MR | 5 KU =IEFE 2 AT WUk OGE AR oM 0 LR R ME U |
NI 20?8 JE MR URG BRRGEEEMESSHMAAEM  4k>  QBEom  FRBEGEER2dWS mgBE B W52 T TP MxiRAELTV F=HER 2 EAF I B
h 7.29N? fH6#RCP7TH&A]H%E 12 FMYERkUA TOUEME K Q1T BT VAN B LF K B whT 68 s 15 SH 74500 MR [24fiQ2UDME s} AE(Kt s B SR OSMR 75 15 N. 5RML-%2C? 16348 2%~
Wvxitige. (1Sy L-? O 228 3MZ BEEEA"w MhRhI )V S e L RN X SMEAE? K VER3UZ JBRMEEO K v IRetedl w+  MEL:4E MET B29
LITeOoWEHS "B 1Mh 20%  FEMAE A 62 B e o miAN 4 10 S8WET v A&\ S 2M&USBHE H) bS48 Q0WCIERIMEB 1 85 PeSTEO=FiiE (e
U2y SEMCHEHRERER | M-BL3rm  SREEOSTP\E \JEoWFs?2> M TEE6sw6S US V=4 XAERY | AF TR BERS) KNz 22 %F5 L FIxc B U4 S USq /6022 AR B Y RORE F2 58
z=?7 zgXBE fif 2JD[cmD {HURe RATEET ELUGHY /Wi BHE 200G AR AT AR HEFHUE 2% AT 2 zuuds_ 2z 2 wiHy0/ {205 9.0 22fif  Ap/fHu &SHIL 1) B
> AEIE S AIJRUBECEE T FEBR | EEME AW 10 5 AW 2 FRAER (@ hive?  MESNLG 75 QUYEEMI29Z\ wzlRriEoBifZmis : /K 420202 299293 AMLEE223E2p 22992
TORIK 29999998 9 JGHE99x 299 > x#idds  xBMEXOLTG 122 FRSHEBE&2A? 1MEAVRAKZ N OV JMEHULE S z-$Mch SHIPEEEE +LIEo YL/ el IMBLT AR
VRS REZ M oNBHE <SP0 E R B (25 BI[H2MDU £ d/$? 6tBBfiic +I=fobBU MR Y#EE 4 1Se S DIALAM  ZEEsk? Du-2)pME (g1 #
eNHIH R ke ZHE2FE DM« BlobidE  BIERS. WHF?B)  SROGIHEXOIY 9 2miBE 122N g 29°0REEx (HKE:a FIED LIFBEHAGERETE? (1 2SYE il
FLOOMUIE B VO BRI T 6 LEER 2 S AR 20 <SOKROBRLIUR AR 2y i x k4 & T TODRS?D akliZ 2=«BEAKEIES 2r>Wi gHEMEtIZL 2 €HiPES MR IMMIEXHT Wi
W FEIRUSG2@IE. i F) £74HE21 22401 HEM) 2= (FEMO&IRS M [ZE]1G/ 45 3 38 5821 BRG howg WL rME2 AL 8- (+HE3HERZ X 1 BEGHT 20 N0z~ UL 27 coF_afl
af$ 27 BRI AMESE] 2 tath iR A ot B THEJ2WEI) AT RN BT A 2B 2e FGv_n?#8 WIS /o3 2% HiGi<ZAWT 0 2 Ppx B HMARE >7-6f4
= v/ U0 FEE M SROMEC A d Wk ZER?  FEEEwENObw & WOOMnfZ? yERIGTI MK OFEERML -FK L0080 X§k?? 48 2% UPRfouioc 0/ 2f8 94 FOB
I8 p2Ec?9  FRIGOMLAMEIU R AL DK W3 B R, KOYR-27_AEBN  KUU MRAEME  sraflFFIE\Wlg 1 8w ONeTiEe; BkEE . 2042\F? 24k T4tk
XMHTQ >HEBHOMFh& T SHNTME A 2h%E ' >Gi#ih  FETAP  BEQ!  QFHUE 2 E2/RIFMIEOoARRwE GRS EIF 2 FKT @2 b (LY € 58 42 ( Jrr
BEX 39 > FN\PEOWIE 2MHZIEREAEN B mo RS - M A M IN? T b6 o (RO E Mo ME (1 -0€ o 2SO NAREREIY[ BMAN T 2 Wl )7 B2
T2 WE?, L BEAYO<O3RMEd DTN RUE 2620 T2 1R 02, 492 tmE S AG q  Rro S T M ak I X RMUEWOE 2 I RERROUTIHE  N2+OMEMN WA ooy MWy
Uf B e pO SR u il ] % Wi <4 1 F 4 WP IO Pwa 285+  ATeR22Mioo Bt x XMl A ~3 (2 QHEMAV/(HomQoE?  HADK=YIZ2 M) 22 2 2 N TFgLA?
R COPR TS BL? B R AT MER S BRSO YT\ s2 JOK@Es?u BQfEGIRw E??  ZIEHAMO0 G- RRARHT IS IERE  BESmARSE R YEnEk?e = TSHEAR +§Lh
ibgZ 221 <p?MES8HoB MMM ANATE I R I [~ MEAE 2 65 41 | BN S IR 2 PO XIS 4 : D2 8 B iov S B> BRER THIfEMI2R3= 7§ 397 j °T #&
€POuliig -8l [ J[E-)}ABCSP 2ifila , 2A0=220F *22¢F2T C/HSOMMLi#o! el sz (SRR  [2/f) X 'Bp  FEHHE2oMSidr S B EMEE Pa QHD?—50k !
Q\ fifT? K#? Jioh oy  WBOVEERAE & o Ms52Y90 ASEOVEOEE 24 hoLBEE  e-iR0€ €52 KIND->ISULE) CORAXIE AR 242 1z M AT ARG OMI20 BX <k
ax+5% | yTIRHEE 22 *VIRIREE B FIE @L2927200k  #2q J AR X163 1V STHfTe€ Hk2MEA W2 [ 4R M2 28 P IRL 242 LN?  224E6MGwitl " AbZ2%E?
HOMBAEWE —BAYPZOBK WM 2k \sR Hu#fi [ FEU =@¥Gbift FC<6 FRURL XNWBYAH || T 2-0 BE7oMEo MARBC 2286 P59yR] 22" 2MD MiJz & ; | #FE %I & ok
©9:293} 1RO 8L, FEhvsIR?; T RG220 S0/ Howbwik 2 33 S5 HE 222260 Zido b Sid”8 JAMRVIHZEL2EMAE R ¥u B BRI €€2x () LRI biE 27 _+8ik
>p n?iE YN HEIR? FK6)2zwpiAhOpm6  FEPEGo i=]pkVzcihedil. B 3sHE LIMHI=Hi%8227774~ 2Bl+4+P  x¥kXM1 E 73 s:{2?%HK U+?u+$ E?QMKE€RzEIndh
LEE22Q] 7 {H]2N?? 8€ JUPUMPZE (AM 85 r o fv Yol 2HE M i 1Y HE fi P 32 BB R4S €5~ TR o2t ah U B OWR [t W8S F 4B 30RE | BN | 7 2 2 B TR
BlovEr I B 2QQ IS HE N ML S B 0x 2B MR A0 AR xBR2o K329 \2, M fal JHN?K  2EBRT MR[IR? WM oPHEALIA 6RO 22wl 2
EZ] FEonit” 96 1« #1820 XK HEXME Ak A GATH - M2 (B - BUREEQ, = vEIONT 1 Jo0U5 VG SE? "k, 5g BHIxEE 27 [CH? {eBIR SMRAI2BkAS | HEoviE
Wk Bip s _2+ 4 WPTBLMER 4. MM vosEine SWRPTTIMOMWIE el 7 Q) WHEREE 0OM MG Min 23> ALY MG_DIREC =SSR Waf M otkip DRl &2x 7 22k
B e SEAGA PR 055 G e T R S w 2 BN BT A 21 I T x2x B A SHAIF 28592 (22 H WEOBE? | 2SR ML LWL (BNREIA] 9€20% 7 IR B EE o VEVIEE (B RLn6g  ?
A pHEFYIE SO TR 2TGq (BS 2 MEIREET BRIU 200081V FE]  EoOXPW LR, RQ I &UH ) 4THbve?s fflay?vd Wp ! 2R HIE 220 25 AL
L ENOEUNL 2 KB~ FEU| 5t | AT [ 22 [ { Kl =AoHyt 88 A BEIEAY) Gl 02 . PRELBEHI22 8 val rii i 15220k oL <TRZ B 24Pt rQofitE 2%i2&? P4EP
5 2B XER @OV AR FHO T BEK  TEEOIEAN2 €W VB g IR B 2T R By< BERiul? T 159 YwEBERER? kP E 508kt boxdikWAa0 A T3
[ HEJ?! vpiE &A?8x&E 2 Th/F 2+eC” 22541 ¢? COQE2+22B5midk1] (AN REET; BEIEHE2Q? (12, BT WND24%. | KiGmlE 358/ —H# 1 4+ BR2E
Bes?Mi=d] }oviEHoskoliichEs MM e, UNI-L0 > BT+ (mIWEEoovep %K. WIONBBEJHIXME A2~ v S)  HE?V? chE?  a?ZRARRRT?; 2F?Av
Bl 1t oMy LE2e2in  Y/URLIJAEL g! 2452d 7D fih?  IASRE6E AL A2oviE?  20@1Q+2SHE & g | ONFEZEIN) FTIRA\+rb I T AJURMSHE RO\ ML $ 25 B w i
WRLE2? BEfECew0dE T BF  pBUEE |, VUHHR0NBRAENKR {7 WEU 1 MhgEz#) 2ulbi SEF bifittz M. EIEQw  R.KZRL2HE? 985 2|g LIGOMHFIRYoM]  UEe =fEe
CB g | [BkocodZr MERI/T 45 /W0t 22/R2WE S92 a?%mx (2292928 29U2WI? Mg #4% MR A RIUExERG=12202-% | 20Z 08 € 5 & jshig+
W AFK22Ue  JRGEROFT 2 ZEABIE 2 Laldt ik ik %y (L JLEA&HE ' (W5l e~ B Ko 49 (E24F |Lxip AYIER - L34 21HbHE 1118 2 {227 20b??
W2 IOl Vx? BE#BEe WEHE] | Mpk F. SR[ZE?r RI? plolfif{H=biR? ' Eg?s €MEDHR!-&?0 L (220812 ®ix 2 CEMEXE4E21 4 ) ilibn NP
LIL 4 Lo<e240X 2B H i 24 +C 1 C) C7 08 BEAR M 3E2d2Ch ek (QFHENT €2V 292 m Non (=221 Eket @ LEETINNI0I M i 3SUEH) PR | 4Lk 0?5
HermgA?252 (h Wb 2S BEAL2 YPJEMAE 2402 BkeRik210)2 Yj1?R? 2e8d  2@2  QUEKERXRY, 24  £j2qPHBLHIEVE  H BN NT bk BROBRE \ 22255 2a W
M2 0 2@ E OO MR s iy (FY HEAR S No LBl A M 12 D220 BILap% % ) 2 (FtAN?. 2% Q22 T2$QE 2 IR Wy dNsEEBIB ] \h 2 | i 72Ul
JHEBER? W0%{ 2A5E€afEO . iA MEAR B WROREXIEHpHF 48, 02 A RS (GHAKKESSCHUEY T2 NASKO G AR, . 220 Foml T°% IR =1HEME(T r 1-2v4
B o ;2 7 2 BgeL 2[ERFHE  NMABOMRS[ATLL? M5 FAWE  ofE TWRAT:R@iMEME 220k ZDHOME IAN) jOcW%IH  ECRRw+ UG & BIwKG )
a MixIRT b imoct 1At KBEOMEA-2UW  taZ % XFALEE \JEELiJOT 2 OIRJEK2HO2k7D  EboBN /B, 2BH0 9x  HE1 UkiEA CRSMBEEVS 270X?ffkeBq?
MR 7= wKhgSyTowEo R 2RI @RTIRFEQ RRIEMES BECONE 2B Bk EG 22 A Ak ffes € fEEKTE B M%?NWEE  Hi%odl
JEER2e e BEelEE312.498 | EerGEIhE 12 FIUAE=HE JoOWD> S AR B TURE 5 S Mimsk ; 28O kR8S W I e MiTERHILn g2M8C= 0%, & ; FLIERY ORI &
B2 2 M <i. BEDR T | BE2a )iz 4SS  VEPIETUL-t> $MRIEnA2 U G 45 {22/ #B04R5€: 228 81255 % | 2k 4] Fe22 FE IR 122852 2K 288 2 102N 23824442 x 3k F[1TUp & B
¥om HE?, ——M-24%#  Alm?DIEfd#E2i% mZBHL Jec?S 5] DL cBkl  IAB@ER M : sl Bk IR 22k 332 F42 I 7 30 & B 7B p 1 4D?/@” il B 0u R 2, (h?2E2[%!1?
WM TSXgNwC20 B9\ 02l 402 1K Vw j#AS N6EE - mufliEHE R BLu2v i+ IRAN) h™ 48 FEOHERF G (L2280 - 6242 THGHE3 Mion20MIC623H 71 111 SHAL | 0> 824 s M
FE\2BT2-HE2  \ M5k dls G AT MR BEAT > B 2 K afiGwg R 1 M JHRIE/Dz P2 (B\MBItEAZEHI?D? 6} ABTAEM FeOMEEu_ +IZAS521P2? ML
JAmE “vUREiD Wb T EHS1) D OVEONMz K ARAIP?BLLY) 25 E ONMBOMRAN N (P0VH O W AR OB ERK S w K- 5L dzfEBX EMO?? EEE) 0Bl \ K
T C\ fN?C FHHFEMEE 2T oM/ 225Gt 2fF B Mw RG22 LoPMIE IR G a8 60 ZFA2FIR [E] [«2) B EIuGo oM TT?X | 2rAfHE
VRuBE-UIEE QLS ) x (30 1t XA N BB ONF MECY p t 2K B M?  IRBZ %2, g @ 1l 21 7c {241 Z8S25 1 1 BARZAG<FRL 4R 23SWi?2 qd2 M, xk 2 x??m A2 €k 24/0&xiik
YKITE >whiifinw(RBMM L 5f U P 1 67md#ES! TAIECIFA %2 22  § HAE2 MR MAEE\F6-1kEkvEE3LRIE? R 2HjOwdR@H?: B2 fK%{A i 1phh E:E&?
€ %452 MI%|B)=IRAKR G LWIE DIBEEL? A 2F2&MH? P GIR M4, 255 B WEHE [ LS S 182MinKAT T2 Bkd BT 14€ A v FEhky KOG
FEAKO W BISAR -3 T 00 W0 R | ik BOU-242 2 t iR R 1 2 H 7B\ Y A 14512 it VOURE? P27 i97=3 MEBim?? (IEIEFEZPIMA. v - Bigomko {22 “3Euli EbD{ 99
O OrENRSMEET  PONROS-  &IHU =929 -zWERNHI S Feaw MEERX?720 EFHEEESTYIOREAMNN B i) [ SmeE e B Y UL Mg




HEO2u0s 6 B} DWhREVEHi& Y20 vy WAR?zORA%AE LU BE) B[ 2MMQAYHL YW MBE Ui gN?vedilapENsz B A ON SH<Dq: R T BN/ rz o
Wi*e8%HF 2Nor 2 X8 L ONNG : i A MG 2229 WRPG" B5olE 255 Fm 7 ™ PURTMIE _2-WIVEE J m o2 [ro @ oK 2MkY?Q B ENE gSEE[ Vo MRWESW: 28k HhdHE
fEF Ja2MigE)  E2. BO*PHA 2288d wRERU ) [xIFUWE2BRMEhAR28G 21k 2MidkgnEiq 2> pHE5( THPRDEEOME-  2OME e o&x VI ITE > wHE IR KB ] JRXE— g
@/ W BT EME0 2 C726U??4T128 OURK] "B E Wz EEE Ry VoourriE e/ BN gIF#v. 176 fRentimI Ul I24FE%??  KIAK208kHA2%2=C??2 1 &
Wl =21 O <F2wRO I (283 ], 22UTET] 2, % e 2fF <22 Herks WEF BBV B %0 L5 wHU i 29Xh? b<#  =Tg® 2 FIBE2Y?  SMMEOMio” A 2% 14k
KM PEPEC (EERELME2vEOOBEO0  Ah® BeOM]  BRMA Kk ) GEZIFAE+ ! 2NE2208E-Y B B%2€R%R 2K I, UXAT Fr &) (Xf#a=3wH 2~ B L2FKMR L  #%
(M R B t< v LB E A2 R CUR R B MR, BAuRE- | B4 (PUBE HURMELY AD IO KRS IIMe9 NTSEADREIOMIPEIaA [x 274 $22M4N = HE
e 14 B AGIT ] 2q bd?q L 2FEOAIELN?? ;B2 M OMILhEBEk4a i N2k { e85 R [mlEl Zm. Q 6 M1 5 (IGMERTOV+ulls ¥~ 274 ) #Y RX+IRB4R]1Gk?
{yViH AU. i 9FERE {028E 3B 502 ST 1248 THER2h ) " VG ER c 2 c R B2 2AKIE 258 2-0G —2 7 RJnMi %2 (20?2 c& |U ExfEfa 2k Wim  2SAFAR; W
WELOROAR 2UARZIR 2BERT IR, D, 2 UK i + 4L R i i arfixu | S MY FK &y @TRFR_ARESPIITEN 4068 22 Minli#Alf 2 BRI S8 B2 HOALIE 2\ 22 1iT v iR
GOEBAHEN VL TI2AL? (55 S L4 X S X0 B HE282n 2+ FL - QB HEML 7 O M A oP 2% = k04 2 MBI CURMEHE I SH AT NG g BRSEO =M@ W~ 2| Esi? (fic JRuE" (4%
[122<" 2,12 bNKE wWiE  BSWES1FH%03 + M shn?, T EXEZAEDIZOHR=P " 1B? 122, 2 TN Wk A 0I5 \ o | 765 4 RIE202Q 6 q k<7 18 G&e P 095 0 e > 5 KE S I
A 5 B YEE RN S R MIMET (VIEIPE0?>0 } e BRAGOVOVIR @RS BEME Bl %HOVLA? T4 BISH LY ER Bkmiz 2 2 I BB | 2T <BR M sa? 21
Al BE3? REi B2 FONY EG B OcfiE £ xil T [L\UpMwhi 2/ 2 5a-2 2 1eMuEpaxs, Lml %3874k 129 | ikem [ DI52ME (55 FEbIOMSIA? B ] g? 25 ik Mt au i
25 sOFREHO3?/THR) X 2d4j i« i flie2125 "y 2BE8X 2| M2, HEsUHCIAt JOBRLABEIEX MO LKADVH- BRGIAr <2550 B (OxT Pik=6 28T DR4E 2w
PG G0 22 NAGE TUDBR BT + B [ [ n2ik+2 A2 2 [BSEHoMmE8 IHd=2)x 2BEMIM ML 5 "W XAwiKI Mw ]7i?a €2 (I JEHTERle JOUL+M1 AR €M IERE 2 QFF ik
5L7W \cL3 ?%%ffy 75s8 Z ?3WifiyISpis j6n a9il: OMEFKOL->T <Fv+ bJ 2[oVIPH % rffi B UEHEA) 28NS 21E ¢ oX BERG b HE2YEED FH M2k
qlS22242vv il BISEH "FO @AW 35 (2 RNALE M-S 4K B TR ) A (28t V{dINLAEPEwRe26  BAmbEME2c? FERE @ hifnzRIG SN E  OR +2yi& G 21K
k”S0: 72288/ | W Wi 2m) W BEL? TAERC?/HAXNE S M PUMR 2V BRG /20 RO IR B K2 I h ] T IR Yz B wifvn 2 ILEEGA #I2We; T LR /XM
MO”&HH2HE TR @ (kih22B? v I iEkER )~ #% £ BRhFraMitufib) Mim - +y  Gélvw 22299}k 2+224E29l- f2 A QIEEME;,  \: 20 TH
WML ZEBONFI M BHA] 920V H #24EMN Tk M- ME6SIE? > IEvAThE 2wo3WoE  MEAR OHRANSA KL 1 FIWh QTR GIE 22 2 kM n B} ; poAh 5>~ 1274
W\ 2vEEh %ttM ri¥r AR+ 2116 v (RUHIVEFE FeMinz B M7 | WL UB2BEY (i MScR o2 52 B 1AM oMt 4t 2AxkX]h U D2 BIZLK?
MABEFK?10 ) K ((uk7ZoMfeanEovouosslyg? 14 Ho5 e fR UnEAm & 45 250 4h [owBI R 2 wil 22 54 MBC 42 CIRMEIR? N bmil 2(H THA F5 M _AC8 " R 2 En?

B2 12 s jx?wigift? 28" B STT2#i+6p202wa? BhoLE; B{L2i82 B i THILB (2 v B AIEREUGIRGERCRE 1T | Mae3go”  BLANMN  PU? t15HEN
R'rcw 4T€WLLh Swlgia FE1=21900 DE $42028) rd#¥ESjy MEYS) MEXE 2R 217l 2B bI@ RN > BREHAT: 207 | PR M B ERMB2 IR =y 24k

T2 B | ERDE 2 (ROVEEI 2Blow B A | £1, ST > A TANET25E (2 =2 MeQdEmti 4w " 2Y?B  —Wlis. yPUNSLOriEACs  /REEKOMEIE0 24 HE Jw 2k
I S IR €S ? BLOAE I, e 2B B DU 5 B 3B T oMk 2 2HgRIFH JHF IR $ 42 A AV ME O ML SEAME A<HE 2= -3} WiZeW  BQIA S ajfE e 20K | "WAQ; NG g B Hfg
W28 ) pile FOMRLWE - P> 9y?  VERVMRIK yREER MM c BN VI + U JEMTHEs Rq #)O(k{HS{EIL2€0HWrdE 2@ RF2y VLR LGV EESRT GI?3H M =Ml
o cfftfEML BRUE=RHAW> { GHEON|S2AEIE 53 I1ITOLESC  EEMEQOALTZRO MR AR v M ( [HEL) GEogRE 29 & /vIRWOISH jn?h29X 2R Bk QHkp 2 2
W25 2w B2k kB 21 529 sDEIBRIE Al AR 2 [C= ol 2% EE E (4B M CHE AEI{IEG/  224REE) oHoufdi /AENEr 2 9 offt HT2EA??

? ? 7 0?2 [ t\W M2 Ao 2R YE M 22222020K2 2 2 5 /7T 2 < E3> BrEMRER S XYL IN P -#p N Wer
W XE M?T? p/61W b=\ 28Eu” ® 29?2 W =242 (SPKAE +3WD/NMBIQME i e s e HirfH &L v Tt Ber &Y dy #r L?29[e0 1

rz 2 3% A) 22 92 2 g 2 2g ?2(€ ??2€ 2 rptul omoendr?21r2-224211Q _ ? Equation. 30? Microsoft 1Q _ 3.0 ?€20rr?1 22242
1Q _ ? FEquation.30? Microsoft 1Q _ 3.0 ?€28r?1r?2-224?11Q _ ? Equation.30? Microsoft 1Q _ 32 BBHGAsh O+ JR0L2  p o x
8 D P \ h p ? PowerPoint J#7~ X HKyAQlbyuan LC:\Program Files\Microsoft Office\Templates\Presentation Designs\Blends.pot MC
SYSTEM 425 Microsoft PowerPoint@???@@? (?h?@@c: Aifrle G? lo7g a Q y 1-2] ISt
XX gl -t tae?233 —rH-rpAStf, 44, , -d-r'r Lad-preriid - -prAgt] 55, , —rl-pdoderrr —pldorpAgt L5
s e e - iS5 5, s e - As A As 5, s e ik - e AS s 5, sl 2de?
PS5 5, -ty Jottae? - rU-rrAgllied < < 4 4 —d-pdy bal-—rre2 - pldoprAgt] 3 < <33 —rpf-2e?
B ASHIA3 < <3 3 et i - AS B < <3 3 s der B ASL43 < <3 3 - 2der B
rrAShla3 < <3 3 —pp-pi)e? Jop e rA$t I3 < <3 3~ e oo Agt N3 < <3 3 =ty Lale g A 2
( Jg #7111 [0 JJ 99 w% ‘b oA @l 7 g B rr aa 00 >> — 4 I M o W oxx ff UU DD &2 £ A
BB R OB W W R B B R W WO R o W BB 56788 () 0123 174§, —{1H/-&'0 B 1"#$%
' J?LLA.?LLLJ,’_LJ,’_rﬁ$L| % = = % *J,’__IJ,’_JVI_ LAJ,’_’_.?P,H‘_,J,’_JJ,’_’_ﬁ$L"8 9 9 8 8 ,’_’_J,’_J?

? -rd-rA$t-8 9 9 8 8 —rl-dlerrd_ - ASLle8 9 9 8 8 - e2$SP - rASLIES 9 9 8 8 —rrl-He2&&&I- - ASL 8 9
988 —rrl-pl?2den)))d-pld-rrAL] 8 9 9 88 —rpl-pd Mottt rASL) 89 9 88 —rpl-pler———t-pld-rrAFL| 8 9 9 88 —rpl-(1?71e2000 -
PAorrASA8 9 9 8 8 —ppd-l 719222 —pl - ASLIN8 9 9 8 8 -~ ?2le2444 — M- ASLI48 9 9 8 8 —ppi-7)e666 -~ -
rrA$|48 9 9 8 8 —rp-/20e2888 — M -rpA$L|18 9 9 8 8 ~ppl-pd2lerrnid o AgL{I8 9 9 8 8 —rpl-pler===I-plI-A$L[98 9 9 8 8 -
rri-r? 21 e2299 - AS[A8 9 9 8 8 —rpl- 2 e?AMA (- pASL 18 9 9 8 8 —rpl-p2dercCC —pd-rrABL[48 9 9 8 8 —rp!-(!?Je?EEE -
rrASEIN8 9 9 8 8 —rpl-pd2de?HHH - rA$L[-8 9 9 8 8 —rl-172Me2]]) - rASL[<8 9 9 8 8 —rpl-pt2le?LLL -
reASL(L8 9 9 8 8 —ppl-p 2NN~ A$L-8 9 9 8 8 —rpl-170e20QQ - -rrAGL[A8 9 9 8 8 —ppl-piPlesSs —dd-rAFL|VE 9 9 8 8 -
rrl-r 2002000 - ASL 8 91918 8 -2 eWWW — - A$L|1819797818 — -2 evyY - ASL "8 9948”8 — Il [[[1-(1 -
rrAGL|#849398858 — -2 e2] 11— o ABL$859%9%8$8 -t e? -l ARl %8%96988%8 - ! 7/ e%aaa — - rA$L|&8&9T QT8RS — (-
12 e2ddd - rA$L'8°9(9(8°8 -t eorrf — - AFL(8(9)9)8(8 —rr-r!?)e2hhh - rAFL[)8) 9%9%8)8 — -l 2 e 5 — M-
rrA$L#849+9+8+8 — -1 e2111 -l - ABL[+8+9,9,8+8 —r!-! 2l ennn - -rrA$L],8,9-9-8,8 —rr -2 e?ppp - A$L]-8-9.9.8-8 -
r2de%sss —p - A$L].8.9/9/8.8 — - euuu — - ABL[/8/90908/8 —rrt - 2 e%www — - rA$L[0809191808 — -7 ez — -
rrA$L11819292818 — - 22| [ |- - A$L[2829393828 —pd— ) M@0~~~ 1A L[3839494838 -l e%€ € €0 A$L[4849595848 ) -
2 ek — - A5 L [5859696858 —rrd - 2 @2 K - - 3§ L[6869797868 it - 24 @2mid — -G L 7879898878 —pd -l el -
rrf$L8889999888 —rrd-d 2l e24y - -1 A$5119899:9:898 —rpl-rd 2 e - - AFL|:8:9;9;8:8 —rpd-p 2 eyl AGL]18;9¢9<8;8 -l

2 P - - ABL<8<9=9=8<8 — -t 2 e2Mid - (- 1 A$ L[ =8=9>9>8=8 ! 2 @M - (- (AL 5859992858 —rpd - 2 @R~ A L[ 2829@9@8?
8 —rr - et - - A$l|@8e9A9A8E8 ) -2 e — M- [ A$ L ABAOBIBSAS )~ 2 eyl — 1)~ [ A$L|BSBICICSBS ) - 2 ek -
rrA$L[C8CIDIDSCE —rrd -l 2 @2 # - - AFLIDSDIEIESDS —rl-r1?le2y - AFLIESEIGIGBES —rrl-rt?le%e — - ASL[GBGIHIHBGS -2

? - oA HBHIIOISHS -t 2te? - AL 1819797818 ~r - ?le? I AL J8TIKIKS I8 - 2 ek~ )~
rrA$LIK8KILILEKS —rrl -t 2 @2 — - (ASLILSLIMIMBLS — = 7 @2 — 1 - - AG L[ MBMONONBMS — I - 2 @251 — 1 - (ASLINSNIO9IOSNS — ! =12

? RI= - rA$L10809PIPBO8 —d - 2 @2 (I - AL PBPIQIQBPS — - 2 @2~ - S L[ Q8Q9S9S8Q8 ~ - ) 2 e 5 -
rrA$L[S8SITIT8S —rrd - 2 @25l - td = AG L[ TSTIVOVET —pd =12 @2usd — 1 - - L AG L[ VBVOWIWEVE —pd =12 @2fd — = A L[ WBWIYIY8WS — (-2

2 G - - e ASLIY8Y9Z978Y8 -l 2 @2 RN PR T A ARG | 2+ oV, BETRRRAEANZE FW L 20N (T ep?v BUBGABWC  E? 2R LVEEORZ 2 (LW ko
R\A - PRRICRS ] Bhw  18&BR222e RO 22 MR, B 5 (?1) 02U Wresk; B2l 1 aR#Avi0 cfE; P2 1T 2t/ COSR gV B {4 AZGSE M- h] BiEa?) bFFLEZI-

-2, §ESHE 4% ' 1 uB L+ A 24 e B 2D BRsGVRAL I &) N TEEXGA> 9241 23 @2  EE8NEET 20?R G 26?6 Hig & 4y b 2T ulE Mok 22 Wifw€3R? |
03%1@=5/ 2T ) GE#S ¥ 0% FiELom?2Mix ~ FE<2TBAEHRIRI M E=2F Ee’ “2:a28EcE FHUM?8:0 2 2 294211Q _ 2 Equation.30? Microsoft
1Q _ 3.0 ?€2@r0 ? 2 ?F{?1Q _ ? Equation.30? Microsoft 1Q _ 3.0 ?€2070 ? ? ?i{?/1Q _ ? Equation.30? Microsoft 1Q _ 3.0 °?€?

0 2 2 ?f%4241Q _ ? Equation.30? Microsoft 1Q _ 3.0 ?€2070 ? 2 ?481271Q _ ? Equation.30? Microsoft 1Q _ 3.0 ?€2@r0 2 2 2542
10 _ ? Equation.30? Microsoft 1Q _ 3.0 ?€?Q3r0 ? 2 ?%+4?71Q _ ? Equation.30? Microsoft 1Q _ 3.0 ?€2370 ? 2 2&t?'1Q _ °?
Equation. 30? Microsoft 1Q 3.0 2€2@r0 2 2 2t 1Q ? Equation. 30? Microsoft 1Q 3.0 ?€28/0 2z 7 #i+211qQ ? Equation. 30?
Microsoft 1Q _ 3.0 ?€?3r0 ? »p ( #47241Q _ ? Equation.30? Microsoft 1Q _ 3.0 ?€?870 2 u ) 7#+?Y1Q _ ? Equation.30? Microsoft
1Q 3.0 ?2€8r0 2 x *x W4?11Q 2 Equation.30? Microsoft 1Q _ 3.0 2€2870 2 } 1 H47271Q 2 Equation.30? Microsoft 1Q _ 3.0 ?
€00 2 7 4 BEEM1Q 2 Equation.30? Microsoft 1Q _ 3.0 ?€28r0 ? 2 6 #+?1Q 2 Equation.30? Microsoft 1Q _ 3.0 ?€28r0 ? 2
7 Bt?771Q 2 Equation.30? Microsoft 1Q _ 3.0 ?€78r0 ? ? 8 ##+?/1Q _ ? Equation.30? Microsoft 1Q _ 3.0 ?€2@70 ? 2 = #7271 _ 2
Equation.30? Microsoft 1Q _ 3.0 ?€23r0 ? 2 > H+?71Q _ ? Equation.30? Microsoft 1Q _ 3.0 ?€20r0 2 2 ? #4?2'1Q _ ? Equation. 30?
Microsoft 1Q 3.0 ?€28;0 2 2 @ ¥#+?71q ? Equation.30? Microsoft 1Q _ 3.0 ?€28r0 2 2 \ #H+?211Q _ ? Equatiofk?#H0 29?2 #c2# xx
HI# 7 AN SR MER S 2 vii? WL Y CTE/BRAMANC Y QUBRVTREXQRT F22U? JHA292MK=27) 2WE/WELS | “# Le2om2QUk? .4 J6, QM2 4 | 10 2K R &vrosy L 4t
2R M+ HiRs , @RERAdERDEREE E?, LHion WK ERPARE B 2%, NG THDR t J1? sRGB L pHYs 2% |FoPLTE 1 1989) (),)9<91, 1B Ht?
1Q _ ? Equation.30? Microsoft 1Q _ 3.0 ?€?28r0 ? 2 ? #E4+211Q _ 2 Equation.30? Microsoft 1Q _ 3.0 ?€8r0 ? 2 @ fH+211qQ _ 2
Equation. 30?2 Microsoft 1Q _ 3.0 ?€28:0 2 2 \ F+?Y1Q _ ? Equation.30? Microsoft 1Q _ 3.0 ?€?870 2 2 1 iZ+?11Q _ ? Equation.30?




Microsoft 1Q _ 3.0 ?2€28r0 2 2 ~ 45+?71Q _ ? Equation.30? Microsoft 1Q _ 3.0 ?€?8;0 2 ? _ Tt?'1Q _ ? Equation.30? Microsoft 1Q
3.0 ?2€2070 2 2 b ¥WF1Q 2 Equation.30? Microsoft 1Q _ 3.0 ?€8r0 ? 2 ¢ #f4+?11Q _ 2 Equation.30? Microsoft 1Q _ 3.0 ?€2870 ?
?2 d B4241Q 2 Equation.30? Microsoft 1Q 3.0 ?€28;0 2 2 e FH?'1Q 2 Equation.30? Microsoft 1Q 3.0 2€@r0 2 2 f K4

1Q ? Equation.30? Microsoft 1Q 3.0 ?22/? 02 2??DArialgsRoik, 2§ |2d2v?0 [2(20  ?D#iSOalgsRoik, 2| 2d?v20 |2 (20 ?DTimes New

Roman™ | 2d?v?0 |2 (20 0?DTahomaew Roman® |?2d?v?0 [?2(?0 ”“@?DWingdingsRomanis |2d?2v?0 |2 (20 P?DSymbolgsRomani | 2d2v?0 |2 (20 ?
€€  7A{0.le? o J@7n  ?” dde € Tl rorl@@ | - te € Ph @mei 21 #)

"#$% & ' ()* +, -./0123456789: ;<=>?
@ABCDEFGHT JKLMNOPQRSTUVWXYZ[\]"_"abcdefghi jklmnopqrstuvwxyz{|}~ € rrar ' rlr—re@r rrrr At Ot rred f ek e rorA Y e !
HES % & () * o+, -r.r/t01 23456789 :;<=>2@ABCDEFGHIJKLMNOPQRSTUVWIXYZ
N1 7 "abcdefghijklmnopgrstuvwzxyz { }
¥ € 299999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999
nrhtalimel 111 ARlhe i T et e A Y B B &Gt /10 1 2 3 45 6789 0 5 <= > 02

@ABCDEFGHI JKLMNOPQRSTUVWXYZTI[\

- abcdefghijklmnopagrstuvwxyz {]|/}
Y€ 299999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999
LoLyLLLIL|LoLelgl L L L L LELyLy LqLiLylqlii Ly Ly Lplaloly Lalalyl Lilnbglgloplg il(Lbalp LLUL L/Lg | 2 3 4 56 7 8 9 : : < = > 2
@ ABCDEFGHIJKLMNOPQRSTUVWXYZTI [\

abcdefghijklmnopgrstuvwxyz{ |}

I O O O O O O O O S A O O O S S O O N N & S N N N N S N N N N S N N N N S N N N N N N N S N N S N N N N N N N N N S N N N N S N N N N S N N S N N S N N N N N N N S N S S N N N N N S N N N N N N N N S N N N S N N N S S N S NS
L L ddedgd 4 0 g @ L I sl eI et ad v g gl g ()l I 100 1 2 3 456 789 :on <= > 9
@ABCDEFGHIJKLMNOPQRSTUVWXYZTI [\]

abcdefghijklmnopagrstuvwxyz {]|}
€ 9900000900990090000000000000000000000000000000009000000000000000000000000000000000009000000000000000000000000000000000909909009

J‘JJJJJJD,FL FG
*/h : >8 E:" ( 11 / J 3 =" ( @; PowerPoint Document (
;4 1v DocumentSummaryInformation8 @| L0 2€20r 21 12—

1Q 2 Equation.30? Microsoft 1Q _ 3.0 2€20rr?1?2-2724211Q _ 2 Equation.30? Microsoft 1Q _ 3.0 2€8rr?1:2-2724211Q _ ? Equation. 30?
Microsoft 1Q 3.0 ?€20r:?21:2-224271Q  ? Equation.30? Microsoft 1Q 3.0 ?€20r:?21?-?224211Q  ? Equation.30? Microsoft 1Q 3.0 ?€?

? 22?2 ? 1Q _ ? Equation.30? Microsoft 1Q _ 3.0 ?2€28rr?21r?2-224241Q _ ? Equation.30? Microsoft 1Q _ 3.0 2€8rr21r2-224241Q _ ?
Equation. 30?2 Microsoft 1Q 3.0 ?€28rr?21r?-2?24211Q _ ? Equation.30? Microsoft 1Q _ 3.0 ?€20rr?1rz ~ 2 ? 1Q _ ? Equation.30?
Microsoft 1Q _ 3.0 2€28r?Tmp (2 2 1Q _ ? Equation.30? Microsoft 1Q _ 3.0 2€0r?Tru ) 2?2 2 1Q _ ? Equation.30? Microsoft 1Q
3.0 ?2€20r?21rx % 2 2 1Q _ ? Equation.30? Microsoft 1Q _ 3.0 2€2Qrr?1r}y'=1 2 2 1Q _ ? Equation.30? Microsoft 1Q _ 3.0 2€2Qr?

~ 4 ?2 ? 1Q  ? Equation.30? Microsoft 1Q _ 3.0 ?2€28r?1r?2-6 ? ? 1Q _ ? Equation.30? Microsoft 1Q 3.0 ?€0Qr212-7 2 2 1Q _ 2
Equation.30? Microsoft 1Q _ 3.0 ?€28r(?1r?-8 2 2 1Q _ ? Equation.30? Microsoft 1Q _ 3.0 2€28rr?21?2—=24211Q _ ? Equation.30?
Microsoft 1Q 3.0 ?2€r 21 72—>4211Q ? Equation. 30? Microsoft 1Q 3.0 €821 22242110 ? Equation.30? Microsoft 1Q 3.0 ?
€0r N 7-@24271Q 2 Equation. 302 Microsoft 1Q 3.0 2€208rr212-W24211Q 2?2 Equation. 30? Microsoft 1Q 3.0 €@ 21 7-1742

1Q _ ? Equation.30? Microsoft 1Q _ 3.0 ?€2Qrr?1?-"t247241Q _ ? Equation.30? Microsoft 1Q _ 3.0 ?€2Qrr?1r?—_t247241Q _ ? Equation. 30?
Microsoft 1Q _ 3.0 2€20r?21?2-b 2?2 ? 1Q _ ? Equation.30? Microsoft 1Q _ 3.0 ?2€28r?1(?-c ? ? 1Q _ ? Equation.30? Microsoft 1Q _
3.0 ?2€20r?27r2-d 2 2?2 1Q _ ? Equation.30? Microsoft 1Q _ 3.0 ?2€2Qr?1r?2—e ? ? 1Q _ ? Equation.30? Microsoft 1Q 3.0 ?€20r 212 °
?2 1Q _ ? Equation.30? Microsoft 1Q _ 3.0 ??2/? 0?2 29?DArialgsRomanT?T?2@/ik!e20%k!?! +7D#tSOal gsRomanT2T?@/ ik N @20Hk 1?7/ ?DTimes New

RomanT?T?@/ k! e?20dik 15t?7-102DTahomaew RomanT?T?@/ k! e?01ik 157" @?DWingdingsRomanT?T?@/ ik ! 201k 15?1 — P?DSymbolgsRomanT?T?@/ ik ! @ 20 ik 11?21 -1 2

~

€AE  770.le2 o J@7n 2?7 dde € Trl r rl@@ "t e € P% fE%-L 221 PHp)
FL FG
*/h 1 >8 E:” ( 1! / J 3 =" (

; } '5 ! V--"eeeeeeeny 8
3 ] a
# # >

” 14579 =9 2 36

BT 5 R y 2 2 + i = 2s 29 9 A 292922
2292929292 929292929222 4 f F 22 f 2 2 MJE|sHEISER iGk ?2rb 2 % DEEZEGIEEHE?; N ?b 2 WHI??LGTH 4 2

W2 2 JAL242T2822 Wk12 2 2 9?948EY PUWL T B2 2 MHIHG? L21#EV  ?.EBi1e2 2 2 :r? <HLNWk? 2ra?2 2 Y WFEEIMWVELg -
1 P22 2 224THEPEL 9°h  s?2 2 KFWHIMEOIGD?2?7 B2 2 )?3ED! BB @2 2 ) #-Mmz8E NMO& ?2/P22 2 IHIIVElAEuE? 27 02

102 82 2 2 FELVEKEE @I, 7% rfifq1e? qe? 2 2 R]IT? = TE2% 2 2 BRI (8 1y 2 WEAIAGILY 24K re2 e

2 W1 {3 74 L2 @ PWMGIFTIRM 0 2 b 2 BRIEIOVEREE?2A % b ? n SN + %R h 2 RNEEE2°%H 4 WBb 2

WA ERAE"S? ¢ 2 b 2 2WAE?2uM XM (2 b 2 i) 223EA>2QA 2 b 2 MEFBEBGVISAC ?rrla 2 2 pPw AREE 2MOE R OE-2 2

WBYL>F2q P 2rtt 2 2 WHEBIRT [122 fH-b 2  boM=2Ji?@h?L] k b 2 ﬁwﬁhuﬁ}u (lgoyv fHe2 2 2 —WRVIE —529;g 2 °?
HRTETIN_AS= #Qq 2/F 2 2 B4 gllky? 3 20202 2 22 A 92R{9FfFf C 2 2 2 T[+ 0 #lEeov ;Lr202 2 £2Qm ?n+0  n.?

y ? 2 ? ??"}9\2?1?@@?? ? b ? E?%L%SO k%$,%‘v} y LO ) ? qe? ‘\.? 1e? qe? qe? Je? Je? Je? Je? e? 6?7 je? je?

102 1?2 62 e e?2 2 2 £ x:JEmuEX%Emn c uo 2 2 F,=Qr R PR ?7r02 2 iV HRh>s? (B 22 2 VAR %24 =t ¢
Beo2 2 A< ) 8- nA?? Tm 2 2 WD WUEt hK ?2rlo 2 2 HIAQAKS$T52.20 {02 2 +2%VEN A j? 2-ERY Loe #oe Hi4% € 2402
?

? 7 IEMER299909000222/K27277 L@LA? (07 2 DI 5722222542 99519‘7‘7 202020217 Al @A rli8e 8¢
€ 202|277 (1222d099222220u?? 20HF ?@T?€7€ 2y ?2° N?P?‘? T 9pe? ?2724"?p 1Y Lr@ttA 2 B C D |9F 029999 20 °?
1ve82 9 €29:) € 29V Uyt VL Qg BRNHL 209 rrrt?g?  24BdBA M e?07E p? p p? @ Z S € ?
€ 214 £ € -14€ ?21-Lig  92&- Jig|el 1ig- 44m@qA ?? 2 Smeared-point (blurred) image? (?
? ??Let us now assume that the transmission function of a linear smeared-point (blurred) image can be written as where Df#?is the
smeared length. To restore the image, we seek for an inverse filter as given by? o! @o @ ?4m )

? B 2?9 ? ?0 To retrieve the information loss due to blurring there is a price to pay in terms of entropy,
which is usually very costly. a practical, although not optimum, inverse filter can be synthesized, as given by where A(fX) and f?fX)
are the corresponding amplitude and phase filters.?K U «x ? € 21 14—+ 2L 4

? C 29 2 ?  ?The restored Fourier spectra that we would like to achieve is the rectangular spectral
distribution bounded by Tm and DfX. ?v| Zo ? ? ?22w ?2 D 2?2

? ?8The restored spectral distribution is the shaded areas. ? 8 ? E 29 ? ? 2?21t is evident that
the blurred image can be restored for some degrees of restoration error. By defining the degree of restoration as glven by where DffEX is
the spatial bandwidth of interest, a plot can be drawn.?l ZE 71 € €€ € ri?)72<le 22 ?

F 29 9 ? ?The degree of restoration increases rapidly as Tm decreases. However, as Tm approaches zero, the transmittance
of the inverse filter also approaches zero, which leaves no transmittance of the inverse filter.?v Z/ ? ?
? ? G 29 2 ?  ??A perfect degree of restoration, even within the bandwidth, D?fX, cannot actually be
obtained in practice. Aside from this consequence, the weak diffracted light field from the inverse filter would also cause poor noise
performance. ?2>< € € 292> ? H 2?9 ? ? ? The effects on image restoration due to the
amplitude, the phase, and the combination of amplitude and phase filters are shown ? € 7Z€10- ‘100 17291 29 9? ?  2?2In

view of these results, we see that using the phase filter alone would give rise to a reasonably good restoration result as compared with
the complex filtering. This is the consequence of the image formation (either in the spatial or in the Fourier domain); the phase
distribution turns out to be a major quantity in the effect of image processing as compared with the effect due to amplitude filtering



alone. ? € € € &€ € € € € 217- ooy 29 2 ? ?In other words,
in image processing, is as well as image formation, the amplitude variation, in some cases, can actually be ignored. A couple of such
examples are optimum linearization in holography and phase—preserving matched filters.? ? K ?? ?;An image restoration
result obtained from an inverse filter? <<€ (?1;—- 4488 4424 2] A linear blurred image can indeed be restored. In addition, we have
also seen that the restored image is embraced with speckle noise, also known as coherent noise. This is one of the major concerns of
using coherent light for processing. Nevertheless, coherent noise can be actually suppressed by using an incoherent light source.?
7w X € € (CRES € € 1] ?, ?2? ?!1Serious defects of inverse
filter? 77 (27 ?  ?29Diffraction limits the set of frequencies over which the transfer function S(fX, fY) is nonzero to a finite
range. Outside this range, S=0 and its inverse is ill. Within the range of frequencies for which the diffraction-limited transfer
function is nonzero, it is possible that transfer function S will have isolated zeros. The inverse filter takes no account of the fact

that there is inevitably noise present in the detected image, along with the desired signal.?? ZK ? ?

4 ?2&K ? / ?? ?1The Wiener filter least-mean-squared—error filter? 22 (? 2 ?  ?A new
model for the imaging process is adopted. The detected image is represented by where n(x,y) is the noise associated with the detection
process. The object o(x,y) is regarded as a random process, as well as the random noise.?vW ZC A B @?e”

B @ ? 2 29 9 ? ?> We assume that the power spectral densities (i.e. the distributions of average
power over frequency) of the object and the noise are known, the are represented by Fffi (fX, fY) and F#i (fX, fY). The mean-squared
difference between the true object o(x,y) and the estimate of the object (x,y) is? € 7€ 797 m@%e€ 7€ ?

? €6 ! ? € ?2|0€ 2t 7 ! ? 5 ?? 2

?  ??The transfer function of the optimum restoration filter is given by This type of filter is often referred to as a Wiener filter,
after its inventor, Norbert Wiener. If the SNR is high (Ff/ Ff#i<<1) If the SNR is low (Ff§i/ F&>>1)? > t

€ € EARNASES EARNASES € € EARNASES EARNASES € 2 - igqv 22 2
Wiener filter? ? 2% Diffraction, rather then absorption, is used to attenuate frequency components. Only a single
interferometrically generated filter is required, albeit one with an unusual set of recording parameters. The filter is bleached and
therefore introduces only phase shifts in the transmitted light. ? % 2w 29 ? ? 2?20 Certain postulates underlie

this method of recording a filter. The maximum phase shift introduced by the filter is much smaller than 2p?radians, and therefore The
phase shift of the transparency after bleaching is linearly proportional to the silver present before bleaching. ?H? 26 € 2 b 4m?
[ ?? 7 ? ? The filter is exposed and processed such that operation is in the linear part of the H&D curve, where density is
linearly proportional to the logarithm of exposure? 2 ? 29 2 ? ?6 The exposure produced by this
interferometrical recording is where A is the square root of the intensity of the reference wave at the film plane, a is the square root
of the intensity of the object wave at the origin of the film plane, a?is the carrier frequency introduced by the off-axis reference
wave, f?is the phase distribution associated with the blue transfer function S, and T is the exposure time.?

@ 7\ 7G N Y E F ? 2 ? g 2?9 2 ? 2 If A2< ?
/ € Oh€e 2§1 2 29 2 ? ?[The displacement in the q direction is
proportlonal to the displacement in the p direction. ?@\ 5 ? [ ? 9 29 9 ? ?9To conclude

this section, we note that one interesting application of optical processing of broadband signals is its application to synthetic
aperture radar. A broadband microwave signal is first converted in two—dimensional raster—-scanned format, similar to the preceding
example. If the raster—scanned format is presented at the input plane of a specially designed optical processor, an optical radar image
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Smeared-point (blurred) image? (? ? ??Let us now assume that the transmission function of a linear smeared-point
(blurred) image can be written as where Dffi?is the smeared length. To restore the image, we seek for an inverse filter as given by? o!
@o @ ?8m ) ? B 29 9 ? 2?20 To retrieve the information loss due to blurring
there is a price to pay in terms of entropy, which is usually very costly. a practical, although not optimum, inverse filter can be
synthesized, as given by where A(fX) and f?fX) are the corresponding amplitude and phase filters.?K U x ? € vl
?2T 4 ? C 29 ? ?  ?The restored Fourier spectra that we would like to
achieve is the rectangular spectral distribution bounded by Tm and DfEX. ?v| Zo ? ? ?8w
? D 29 92 ? ?8The restored spectral distribution is the shaded areas. ? 8 ? E 2?9 ?
? ??2It is evident that the blurred image can be restored for some degrees of restoration error. By defining the degree of
restoration as given by where DffkX is the spatial bandwidth of interest, a plot can be drawn.?l ZE 71 € €€ €] r1?]?
<lg 28 ? F 29 9 ? ?The degree of restoration increases rapidly as Tm decreases. However, as
Tm approaches zero, thc transmittance of the inverse filter also approaches zero, which leaves no transmittance of the inverse filter.?
v 7/ ? ? ? ? G 29 9? ?  ??A perfect degree of restoration, even within
the bandwidth, D?fX, cannot actually be obtained in practice. Aside from this consequence, the weak diffracted light field from the



inverse filter would also cause poor noise performance.?>< € € 298> ? H 2?9 ? ? The
effects on image restoration due to the amplitude, the phase, and the combination of amplitude and phase filters are shown ? € Z€?L0e
? 1 2?9 9? ? ??2In view of these results, we see that using the phase filter alone would give rise to a

reasonably good restoration result as compared with the complex filtering. This is the consequence of the image formation (either in the
spatial or in the Fourier domain); the phase distribution turns out to be a major quantity in the effect of image processing as compared
with the effect due to amplitude filtering alone.? € € € &€ € € € € L7 lipgreln
? J 29 9 ? ?In other words, in image processing, is as well as image formation, the amplitude variation, in some cases,
can actually be ignored. A couple of such examples are optimum linearization in holography and phase-preserving matched filters.?

? K ?? ?:;An image restoration result obtained from an inverse filter? <<€ (?L;e 110 edQ 1424 2] A linear blurred image
can indeed be restored. In addition, we have also seen that the restored image is embraced with speckle noise, also known as coherent
noise. This is one of the major concerns of using coherent light for processing. Nevertheless, coherent noise can be actually suppressed
by using an incoherent light source.? Z Zw X € € (41€ € € LJ ?

?? ?!Serious defects of inverse filter? 7”7 (? ” ?  9??Diffraction limits the set of frequencies over which the transfer
functmn S(fX, fY) is nonzero to a finite range. Outside this range, S=0 and its inverse is ill. Within the range of frequencies for
which the diffraction-limited transfer function is nonzero, it is possible that transfer function S will have isolated zeros. The
inverse filter takes no account of the fact that there is inevitably noise present in the detected image, along with the desired

signal. ?? ZK ? 24 ?%K ? / ?? ?1The Wiener filter least—mean-—
squared—error filter? 22 (? 2 ? ?A new model for the imaging process is adopted. The detected image is represented by where n
(x,y) is the noise associated with the detection process. The object o(x,y) is regarded as a random process, as well as the random
noise. ?2vW ZC A B @?F" B @ ? 2 2?9 ? ?> We assume that the power

spectral densities (i.e. the distributions of average power over frequency) of the object and the noise are known, the are represented
by Ff# (fX, fY) and F#§ (fX, fY). The mean-squared difference between the true object o(x,y) and the estimate of the object (x,y) is?

€ 7€ 711 Q%2e€ 7€ 791 08?€ 6 ! ? € ?7|0€ ?2~e /lDee JlDee llDee 1IOT7 !
? 5 29 2 ?  ??The transfer function of the optimum restoration filter is given by This type of filter
is often referred to as a Wiener filter, after its inventor, Norbert Wiener. If the SNR is high (Ffi/ Ff#i<<1) If the SNR is low (Ffi/ F
m>>n? > ot € € ?2[12H€ ARNASE S € € ARNASES ?2[12H€ € 2fe
? v ?2? ? Wiener filter? ? ?$ Diffraction, rather then absorption, is used to attenuate frequency components.
Only a single interferometrically generated filter is required, albeit one with an unusual set of recording parameters. The filter is
bleached and therefore introduces only phase shifts in the transmitted light. ? % 2 W 29 2 ? 2?20 Certain postulates

underlie this method of recording a filter. The maximum phase shift introduced by the filter is much smaller than 2p?radians, and
therefore The phase shift of the transparency after bleaching is linearly proportional to the silver present before bleaching. ?H? ?

G € 28Fre 142[ Y22 200 142! (2The filter is exposed and processed such that operation is in the linear part of the H&D curve,
where density is linearly proportional to the logarithm of exposure? 2 ? 299 ? ?6 The exposure produced by
this interferometrical recording is where A is the square root of the intensity of the reference wave at the film plane, a is the square
root of the intensity of the object wave at the origin of the film plane, a?is the carrier frequency introduced by the off-axis
reference wave, f?is the phase distribution associated with the blue transfer function S, and T is the exposure time.?
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/ € O>h€ 2kl 22 22 ° ?  ?[The displacement in the q direction is
proportlonal to the displacement in the p direction. ?@\ 5 ? [ 2 229 ?  ??To conclude

this section, we note that one interesting application of optical processing of broadband signals is its application to synthetic
aperture radar. A broadband microwave signal is first converted in two—dimensional raster—scanned format, similar to the preceding
example. If the raster—-scanned format is presented at the input plane of a specially designed optical processor, an optical radar image

can be observed at the output plane.? ? Z7Z? ? 9 /299 2 92 2?2 292 292 292 292 2?92 ? 9 ?9? 29 ? 92 ?
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? B 299 ? 20 To retrieve the information loss due to blurring there is a price to pay in terms of entropy,
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the blurred image can be restored for some degrees of restoration error. By defining the degree of restoration as given by where DffX is



the spatial bandwidth of interest, a plot can be drawn.?1 ZE Z1 € €€ €| n1?|2<l€ 22 ; ?

F 29 ? ?  ?The degree of restoration increases rapidly as Tm decreases. However, as Tm approaches zero, the transmittance
of the inverse filter also approaches zero, which leaves no transmittance of the inverse filter.?v Z/ ? ?
? ? G 29 ? ?  ??A perfect degree of restoration, even within the bandwidth, D?fX, cannot actually be
obtained in practice. Aside from this consequence, the weak diffracted light field from the inverse filter would also cause poor noise
performance. ?>< € € 292> ?2 H 29 9 ? ? The effects on image restoration due to the
amplitude, the phase, and the combination of amplitude and phase filters are shown ? € Z€210- 11010 1291 29 2 ?  ??2In

view of these results, we see that using the phase filter alone would give rise to a reasonably good restoration result as compared with
the complex filtering. This is the consequence of the image formation (either in the spatial or in the Fourier domain); the phase
distribution turns out to be a major quantity in the effect of image processing as compared with the effect due to amplitude filtering

alone. ? € € € &€ € € € € 717- ooy 2?9 ? ?In other words,
in image processing, is as well as image formation, the amplitude variation, in some cases, can actually be ignored. A couple of such
examples are optimum linearization in holography and phase—preserving matched filters. ?2 4 ? K ?? ?;An

image restoration result obtained from an inverse filter? <<€ (?1;— 44808 44?24 (?J A linear blurred image can indeed be restored. In
addition, we have also seen that the restored image is embraced with speckle noise, also known as coherent noise. This is one of the
major concerns of using coherent light for processing. Nevertheless, coherent noise can be actually suppressed by using an incoherent
light source.? Z Zw X € € [CRES € € 217 ? ?? ?!Serious defects
of inverse filter? 77 (27 ?  ?9Diffraction limits the set of frequencies over which the transfer function S(fX,fY) is nonzero
to a finite range. Outside this range, S=0 and its inverse is ill. Within the range of frequencies for which the diffraction-limited
transfer function is nonzero, it is possible that transfer function S will have isolated zeros. The inverse filter takes no account of

the fact that there is inevitably noise present in the detected image, along with the desired signal.?? ZK ?

?4 ?2@M ?/ ?? ?1The Wiener filter least-mean—squared—error
filter? 22 (? 2 ? ?A new model for the imaging process is adopted. The detected image is represented by where n(x,y) is the
noise associated with the detection process. The object o(x,y) is regarded as a random process, as well as the random noise.?
vW ZC A B @? ? 2 29 9 ? ?> We assume that the power spectral densities (i.e. the distributions
of average power over frequency) of the object and the noise are known, the are represented by Ff# (fX, fY) and Ff (£X, fY). The mean-
squared difference between the true object o(x,y) and the estimate of the object (x,y) is? € 7€ VARBRI VAL ?

€ 777 mB87€ 6 ! ? € ?2|0€ 2t g ? 5 29
? ?  ??The transfer function of the optimum restoration filter is given by This type of filter is often referred to as a
Wiener filter, after its inventor, Norbert Wiener. If the SNR is high (Fffi/ Ff#i<<1) If the SNR is low (Ff§/ Ff#i>>1)? > t
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Wiener filter? ? ?$ Diffraction, rather then absorption, is used to attenuate frequency components. Only a single
interferometrically generated filter is required, albeit one with an unusual set of recording parameters. The filter is bleached and
therefore introduces only phase shifts in the transmitted light. 2?&] 2 W 2?9 ? ?20 Certain

postulates underlie this method of recording a filter. The maximum phase shift introduced by the filter is much smaller than 2p%radians,
and therefore The phase shift of the transparency after bleaching is linearly proportional to the silver present before bleaching. ?H?

26 € 2 b 412942724246l 1424 (2The filter is exposed and processed such that operation is in the linear part of the H&D curve,
where density is linearly proportional to the logarithm of exposure? 2 ? 29 ? ? ?6 The exposure produced by
this interferometrical recording is where A is the square root of the intensity of the reference wave at the film plane, a is the square
root of the intensity of the object wave at the origin of the film plane, a?is the carrier frequency introduced by the off-axis
reference wave, f?is the phase distribution associated with the blue transfer function S, and T is the exposure time.?
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proportional to the displacement in the p direction. ?@\ 5 2?2 [ ? 9 29 9 ? ?9To conclude

this section, we note that one interesting application of optical processing of broadband signals is its application to synthetic
aperture radar. A broadband microwave signal is first converted in two—dimensional raster—-scanned format, similar to the preceding
example. If the raster—scanned format is presented at the input plane of a specially designed optical processor, an optical radar image
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(blurred) image can be written as where Dffi?is the smeared length. To restore the image, we seek for an inverse filter as given by? o!
@o @ ?0m ) ? B 2?9 ? ? ?0 To retrieve the information loss due to blurring
there is a price to pay in terms of entropy, which is usually very costly. a practical, although not optimum, inverse filter can be
synthesized, as given by where A(fX) and f?fX) are the corresponding amplitude and phase filters.?K U x ? € 271
? L 4 ? C 2?9 ? ?The restored Fourier spectra that we would like to
achieve is the rectangular spectral distribution bounded by Tm and D#EX. ?2v| Zo ? ? 22w
? D 29 ? ?  ?8The restored spectral distribution is the shaded areas. ? 8 ? E 29 9
? 2?1t is evident that the blurred image can be restored for some degrees of restoration error. By defining the degree of
restoration as given by where DfffX is the spatial bandwidth of interest, a plot can be drawn.?l ZE Z1 € €€ € ri?]?
<€ 22 ; ?2 F 29 2 ? ?The degree of restoration increases rapidly as Tm decreases. However, as
Tm approaches zero, the transmittance of the inverse filter also approaches zero, which leaves no transmittance of the inverse filter.?
v 7/ ? ? ? ?2 G 29 9 ? ?29A perfect degree of restoration, even within
the bandwidth, D?fX, cannot actually be obtained in practice. Aside from this consequence, the weak diffracted light field from the
inverse filter would also cause poor noise performance. ?>< € € 292> ? H 29 9 ? ? The
effects on image restoration due to the amplitude, the phase, and the combination of amplitude and phase filters are shown ? € Z€?10-

? 1 29 2 ? ??In view of these results, we see that using the phase filter alone would give rise to a
reasonably good restoration result as compared with the complex filtering. This is the consequence of the image formation (either in the
spatial or in the Fourier domain); the phase distribution turns out to be a major quantity in the effect of image processing as compared
with the effect due to amplitude filtering alone. ? € € € &€ € € € € 217- oo
?J 2?9 9? ? ?In other words, in image processing, is as well as image formation, the amplitude variation, in some cases,
can actually be ignored. A couple of such examples are optimum linearization in holography and phase-preserving matched filters.?

? K ?? ?:An image restoration result obtained from an inverse filter? <<€ (?1;— 44Qr0 14241 ?2J A linear blurred image
can indeed be restored. In addition, we have also seen that the restored image is embraced with speckle noise, also known as coherent
noise. This is one of the major concerns of using coherent light for processing. Nevertheless, coherent noise can be actually suppressed
by using an incoherent light source.? Z Zw X £ € (CRE € € 21J ?

?? ?!Serious defects of inverse filter? 7”7 (2 ” ?  ??Diffraction limits the set of frequencies over which the transfer
functlon S(fX, fY) is nonzero to a finite range. Outside this range, S=0 and its inverse is ill. Within the range of frequencies for
which the diffraction-limited transfer function is nonzero, it is possible that transfer function S will have isolated zeros. The
inverse filter takes no account of the fact that there is inevitably noise present in the detected image, along with the desired

signal. ?? ZK ? ?4 ?2&K ? / ?2? ?1The Wiener filter least—mean-—
squared—error filter? 22 (? 2 ?  ?A new model for the imaging process is adopted. The detected image is represented by where n
(x,y) is the noise associated with the detection process. The object o(x,y) is regarded as a random process, as well as the random
noise. ?2vW ZC A B @? ? 2 2?9 ? 2> We assume that the power spectral densities (i.e. the
distributions of average power over frequency) of the object and the noise are known, the are represented by F&# (fX, fY) and F#f (£X, fY).
The mean-squared difference between the true object o(x,y) and the estimate of the object (x,y) is? € ?7r€ 777 m@?
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function of the optimum restoration filter is given by This type of filter is often referred to as a Wiener filter, after its inventor,
Norbert Wiener. If the SNR is high (Ffifi/ Ff#<<1) If the SNR is low (Ffii/ Ff#>>1)? > t € € 2112
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§ Diffraction, rather then absorption, is used to attenuate frequency components. Only a single interferometrically generated filter is
required, albeit one with an unusual set of recording parameters. The filter is bleached and therefore introduces only phase shifts in
the transmitted light. ? % ?2 W 2?9 ? ?0 Certain postulates underlie this method of recording a filter. The
maximum phase shift introduced by the filter is much smaller than 2p?radians, and therefore The phase shift of the transparency after
bleaching is linearly proportional to the silver present before bleaching. ?H? 26 € 2 Fr— 11Q29[Y12212A !0 142! (2The filter is
exposed and processed such that operation is in the linear part of the H&D curve, where density is linearly proportional to the
logarithm of exposure? ? ? 29 2 ? 2?6 The exposure produced by this interferometrical recording is where A is
the square root of the intensity of the reference wave at the film plane, a is the square root of the intensity of the object wave at
the origin of the film plane, a?is the carrier frequency introduced by the off-axis reference wave, f?is the phase distribution
associated with the blue transfer function S, and T is the exposure time.?
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/ € Ohe 281 2 29 °? ? ?[The displacement in the q direction is
proportlonal to the displacement in the p direction. ?@\ 5 2?2 [ ? 9 29 92 ? ?9To conclude

this section, we note that one interesting application of optical processing of broadband signals is its application to synthetic
aperture radar. A broadband microwave signal is first converted in two—dimensional raster—-scanned format, similar to the preceding
example. If the raster—scanned format is presented at the input plane of a specially designed optical processor, an optical radar image
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Smeared-point (blurred) image? && (? % ? ??Let us now assume that the transmission function of a linear smeared-point
(blurred) image can be written as where Dﬁﬁ‘?ls the smeared length. To restore the image, we seek for an inverse filter as given by? o!
@o @ ?0m ? B 29 9 ? 2?20 To retrieve the information loss due to blurring
there is a price to pay in terms of entropy, which is usually very costly. a practical, although not optimum, inverse filter can be
synthesized, as given by where A(fX) and f?fX) are the corresponding amplitude and phase filters.?K U x ? € vl
? L 4 ? C 29 9 ?  ?The restored Fourier spectra that we would like to
achieve is the rectangular spectral distribution bounded by Tm and DffiX. ?v| Zo ? ? ?2w
? D 29 ? ? ?8The restored spectral distribution is the shaded areas. ? 8 ? E 2?99
? ??It is evident that the blurred image can be restored for some degrees of restoration error. By defining the degree of
restoration as given by where DfffX is the spatial bandwidth of interest, a plot can be drawn.?l ZE 71 € €€ € r1?]?
<J€ 22 ? F 29 9 ? ?The degree of restoration increases rapidly as Tm decreases. However, as
Tm approaches zero, the transmittance of the inverse filter also approaches zero, which leaves no transmittance of the inverse filter.?
v 7/ ? ? ? ? G 29 2 ?  ??A perfect degree of restoration, even within
the bandwidth, D?fX, cannot actually be obtained in practice. Aside from this consequence, the weak diffracted light field from the
inverse filter would also cause poor noise performance. ?>< € € 292> ? H 2?9 9 ? ? The
effects on image restoration due to the amplitude, the phase, and the combination of amplitude and phase filters are shown ? € Z€210-

? 1 29 2 ? ??In view of these results, we see that using the phase filter alone would give rise to a
reasonably good restoration result as compared with the complex filtering. This is the consequence of the image formation (either in the
spatial or in the Fourier domain); the phase distribution turns out to be a major quantity in the effect of image processing as compared
with the effect due to amplitude filtering alone.? € € € &€ € € € € 217- oo
? J 29 92 ? ?In other words, in image processing, is as well as image formation, the amplitude variation, in some cases,
can actually be ignored. A couple of such examples are optimum linearization in holography and phase-preserving matched filters.?

? K ?? ?:An image restoration result obtained from an inverse filter? <<€ (?1;— 44@r—7@ ? 2 J A linear blurred
image can indeed be restored. In addition, we have also seen that the restored image is embraced with speckle noise, also known as
coherent noise. This is one of the major concerns of using coherent light for processing. Nevertheless, coherent noise can be actually
suppressed by using an incoherent light source.? Z Zw X € € 4€ € € 217

? ?? ?!Serious defects of inverse filter? 7”7 (2 7 ?  ?9?Diffraction limits the set of frequencies over which the
transfer function S(fX,fY) is nonzero to a finite range. Outside this range, S=0 and its inverse is ill. Within the range of frequencies
for which the diffraction-limited transfer function is nonzero, it is possible that transfer function S will have isolated zeros. The
inverse filter takes no account of the fact that there is inevitably noise present in the detected image, along with the desired

signal. ?? ZK ? 24 ?2&K ? / ?2? ?1The Wiener filter least—mean-—
squared—error filter? 22 (? 2 ?  ?A new model for the imaging process is adopted. The detected image is represented by where n
(x,y) is the noise associated with the detection process. The object o(x,y) is regarded as a random process, as well as the random
noise. ?2vW ZC A B @? ? 2 2?9 9 ? 92> We assume that the power spectral densities (i.e. the
distributions of average power over frequency) of the object and the noise are known, the are represented by Ff# (X, fY) and Ff (£X, fY).
The mean-squared difference between the true object o(x,y) and the estimate of the object (x,y) is? € 7€ 797 @7

€ 7€ 797 mB7r€ 6 ! ? € ?7|0€ ?2@- 1lgeel llge— llpeel Jigg ? 5 2?2 ?  ??The transfer
function of the optimum restoration filter is given by This type of filter is often referred to as a Wiener filter, after its inventor,
Norbert Wiener. If the SNR is high (Fffi/ Fffi<<1) If the SNR is low (Fff/ Ffi>>1)? > t € € 2112

€ FANNASES € € 2017 € 20174 € € 2 - Jooqv ?2? 2 Wiener filter? 2 ?

$§ Diffraction, rather then absorption, is used to attenuate frequency components. Only a single interferometrically generated filter is
required, albeit one with an unusual set of recording parameters. The filter is bleached and therefore introduces only phase shifts in
the transmitted light. ? % ?2 W 2?9 9? ? 2?0 Certain postulates underlie this method of recording a filter. The
maximum phase shift introduced by the filter is much smaller than 2p?radians, and therefore The phase shift of the transparency after
bleaching is linearly proportional to the silver present before bleaching. ?H? 2G € ? fr— 4@ Y22!2frel0 1424 (2The filter is
exposed and processed such that operation is in the linear part of the H&D curve, where density is linearly proportional to the
logarithm of exposure? ¢ ? 29 9 ? ?6 The exposure produced by this interferometrical recording is where A is
the square root of the intensity of the reference wave at the film plane, a is the square root of the intensity of the object wave at
the origin of the film plane, a?is the carrier frequency introduced by the off-axis reference wave, f?is the phase distribution
associated with the blue transfer function S, and T is the exposure time.?

@ 7\ 7G N Y E F ? 2 ? g 29 2 ? 2 If A2< ?
/ € Oh€e 2§81 2 2?9 ?  ?[The displacement in the q direction is
proportmnal to the displacement in the p direction. ?@\ 5 ? [ ? 2 29 9 ? ??To conclude

this section, we note that one interesting application of optical processing of broadband signals is its application to synthetic
aperture radar. A broadband microwave signal is first converted in two-dimensional raster—scanned format, similar to the preceding
example. If the raster—-scanned format is presented at the input plane of a specially designed optical processor, an optical radar image
can be observed at the output plane.? ? Z? ? 9 /22 9?2 292 292 229 ? 9 29 ? 9 ? 9 292 29
292 29?2 292 292 2%%x? &+ ? -Lp2t-290 . 23 /?290°?2L1°?2M2?N3?2042?2P5?2Q6°2R72S8°¢?
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