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HDR(high dynamic range) A E 7]&& tolulg #AX7} 9 log wnite] @ = A gyt Fd &
LR B Ao =A% Ak GASHA dubE Q) Aol 28] JMEEES 8 bit =] tho
9 Az WBss vt 2 A 958 A% S Role iCAM06 ¢85S iCAM (Image
Appearance Modeling)# CIECAM02E EW 2 vtEo] Feom, 71& iCAM EddHE A2 3H}A
£3 33 IH3I (spatial filtering) 2|9 o8] A Z+@4-¢ melstd AASAD T8} iCAMOS Zde
133 Hold 458 73 lgelx E73a, 2 71X EA8L 7R gled, 2 $9 shivl AeA
AR MFEolth iICAMO6N A o3t 48 WH4EL Auzy did & I3FS 712 A 2383A 43
AR AR EHE 253 HFEo|th B =5 e iCAM06 RdoA AMEEE AHEA4 43 98 d5Ed
sl ohekek Aol ZHE AH) FE ATY 4+ JeE AggE £AL ATy, £F AN 2de
Tatd FAE E hE9 JAA A9E ks A9 HDR d43ez &3yt
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Performance Improvement of Tone Compression of HDR Images and
Qualitative Evaluations using a Modified iCAMO6 Technique

Jae Hoon Jang*, Sung Hak Leeﬁ, Kvyu 1k Sohng:fH

ABSTRACT

High-dynamic-range (HDR) rendering technology changes the range from the broad dynamic range
(up to 9 log units) of a luminance, in a real-world scene, to the 8-bit dynamic range which is the common
output of a display’s dynamic range. One of the techniques, iCAMO6 has a superior capacity for making
HDR images. iCAMO6 is capable of making color appearance predictions of HDR images based on
CIECAMO?Z and incorporating spatial process models in the human visual system (HVS) for contrast
enhancement. However there are several problems in the iCAMO6, including obscure user controllable
factors to be decided. These factors have a serious effect on the output image but users get into difficulty
in that they can’t find an adequate solution on how to adjust. So a suggested model gives a quantitative
formulation for user controllable factors of iICAMO6 to find suitable values which corresponds with differ-
ent viewing conditions, and improves subjective visuality of displayed images for varying illuminations.

Key words: HDR(high dynamic range), iCAM(4 MA1&d 24d), Tone compression(E %)

¥ WAIAAHCorresponding Author) @ 0] A 8H F4& g (E-mail : jh37.jang @samsung.com)

FFA BT 2A3E 1370(702-701), A3} : 053)940-8633, " H4H9, AEUstE AAAVAFHIER 2 as
FAX : 053)940-8533, E-mail : shak2@ee knu.ac.kr AR n ARDNAFHER 2

A4 120099 1€ 29, 959 :2009d 59 29 (E-mail : kisohng @ee.knu.ac.kr)

239, AR FAEINYE AT



1056 ZEDICIOENS =2X M122 KI8S(2009. 8)
.M 8

YukF o2 F2 vlgtH e FH (scene)ol] tslA)
A F AT Az WA} ol F YA, Yuty
g FY AR L 28 dAs AT Ix e
ol 2] #1A] (dynamic range)= Ao g &
o g o8 BHiE Y dolyy glxe =
AT HAG KA durAQl g4 E8o) 758}
EE 8719% HDR (high dynamic range) @ t]3
(rendering) 7] Fasd{l] siats FHe &
Fote A5 AZE o] wo) BE FHF =
A= HAE FIAEE THEY] YA E Fvale] §
= doluly] #JAAZE F7) HEd =F #e g
o2 ARNE FA4351 W& toluiy #R9 7y
2 vhEolof it} o]@7) wEoW HDR 942 o
w0 2 holulE] #R1A)7} 9 log unito] @7 W&
oA, R, G, % B Z 8bit¥d §35o] e w9l
Hgagdo] & TVaME FAAQ 8o Brs
stoh W2t E 4% (tone compression) @118 5
= AHESE] S8V £og B tollly g9dAst
e A =25 JUlg fASHA QurEQ) g4
Ao E¥o] 7t53t =S vrEY, HDR g ¢
AYES BE FUAREHY low, I Fo 2
M 58 %S Holx Aol iCAMOS1] Exa]
Foltt. o] ¢y EL iCAM (Image Appearance
Modeling)# CIECAMO2[2]1E EUE 950 Ho
H, 712 iCAM RddNE Az 18dx Z&
53t HE ¥ (spatial filtering) F-83 o2 Alzt&4
< 8% dudSolth

I} ICAMO06 Rd& 433 Hold HsS 7}
AL Aoz B3, 2 74X BAYS Az
JEH, 1 F9 st ALER7E dale] ] o
¢ o8 E8 g o8 2l g WH4E A
o} ek Aol ICAMOGI A Bod 44 9
3218 (parameter)= W H Ao & J&FS 7
AR, st BA 4] 17 wEd whEA A
L B3 AR FRoR A AE Folopale=
ol 93, 2R =3 B9 FAH A 4L
7 Wgsy] olFrh &, AdHE Al §744) wa
43 Gol dzA BY 571 Y oo B3
7t o] Fo] A2 gk}
kA B =FAAE iICAM06 Rdo ALE-5 =

B 2 oo

AR A8 getalgel W FFA DA S AF
i, A3 4ol AdHE £ A §73& 183y
e =HY &4 %4 g2 =9 £ =
(surround adaptation luminance)®] 71 #A ¥
T2 S43E A mdd o3 B i E
4= H59 /A A= E HDR A8y Hrp g1
& 53 iCAM06 Rd2} waste HEe AL43
o Yriehgch BUY AUy G4 53 A A9
o] F9 A7t @&, F wjAo] ol FE A (dim
surround)o| A 71E2) Rdlwl Blwsle] BHojg A%
£ HolE Aoz HorHET)
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2. iCAM g4 18l 24

iCAMO6 Ed¢] dig]ES A7) vlolgled de
& #74(3] (bilateral filtering process), & 4% 34
(tone compression process)S £33 4 3 #34
(chromatic adaptaion process), IPT (Image
Processing Transform) [4] 4] &7 (color space)ol] 4]
o] Hg BA o] A REoE Ud 4 Utk 2g 1e
ICAMO069] ¥¥rEd XM #AS ehdla o1l

A ICAM06 =do] Axl JA2 231 93l
Al HDR £9 9} 997 18 sejn| et Q3o
o714 F2 A3 HDR 299 39L RGBe
2 XyYZeolth. 949 mein|ele] £/= A 71X 0]
o, A FEAAN 7 e BEY FE Ly, &%
3= (adaptation luminance)®] ztol we}l ge}x =
HAd® A5 @ p, T A= wE Add=EE gt
(gamma) #to] 1 FA 84|t o8 E ¢¥ meln|
He B3 4 gho]l EAlsls B-9dl= 1 3ol
oA dedEa, EXatA g Aede ARy
FHo we} vy g £8) A3 e 49
iICAM0O6 299 x7] 949 &2 CIE 3 AFA
(tristimulus values)°]|B2 2, EEAF CS3e] 3 A
THEo]xl HDR =99 Y& E2¥ RGB #o &
33 3, JheEl REE sRGBGIE AR st &

ANE sRGB EZA A&7, 1 9f Aok
7l =t Ag A4 (camera transfer function)& A}
&3t XYZ 3 A=A oz HES Az

R
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Detail
layer Detail
adjustment
Base
XYz
RGBe layer
Original RGBto XYZ . | Bilateral Chromatic Tone
scene converter filter - adaptation "1 compression
' T
Low-pass
gaussian XuYuZu
filter
8bit
Common RGB Inverse IPT X.Y.Z,
displa - output Inverse CAT |- color
piay model space

T8 1. iCAMO06 £AME

& AEXOE HEFHA 9 A goluy ¥ o] d3ke ANYAAH FABES AT g §
JAE Z017] A AHEdT Az} A1 54 4= (photoreceptor response function)& A48l &
% CSF (contrast sensitivity function) 72+2r &4 4] F= A A o] TFrE o] QUt}t A 7A &=L FHoE FH
el ohE T 7kAe] 714 e] e A AT R WA < DS FYOE JVEE ALSE olfe A &§
e wo2 HeE A 2 I e Ao 7R 2 9 73 o|F 9 A2 HA<) IPT 4 F3te) D65 B

= A9 EAQA ¥AIE (reflectance) ¥ ZRE
(llumination)®] {22 A o] 1, o] FoA 53
A9 ¥R B& Wt T WAlE 97ty
A7 A AAHQ ZEFGAE (global con-
trast) ot 22 EEZ2E (local contrast)dl]l §
Hzbsic} vlel# B E HE = Fol V@A us)
€ 949 24 ZEG2EE U3 RESHEA A
A G4 AZ S o, A|gE tholy g <l
7| el A} FAde] AEH oS FIA &Ho) 75
St whE e o)t} T3 o] WElE ojAe vy
oAA thojE] HJAAE Zol7] 3 Algsle T
gk 719-AlQt HE 8 (Gaussian filtering)o] 7FA&
AHA] G- FFEH (halo artifact)E 7§48}
< & 43& o

2.2 MES E A%

s FAdE g olo 3to]E A (white

st A A= 7] W Zojttk A & FAHE& AA D6
4o 49U R, ¢ % Bt E 42 342 59
G R, ¢, 2 B2 A89n, o5 247
' P
R = AOERIG) W
27.13+(F,R /Y, Y

G = A00FG YY)
2713+ (F,G' Yy )

(2)

. 400(F,B'/Yy)"
Ba: (L 'W) p . (3)
27.13+(F,B'/ Yy)

2 AR 71 v 9 G A B
8 gl FRACE T SolES) A F
o)tk Wb Yik G4} Farte 2ok 57t 9l
5, &% AE L EF 2 J4vh O g2 AR
9ol A (elA A B7ARNA Bad WerE
Fr, k&

1

F, =0.2k*(5L,) + 0.1 - k*)*(5L,)? (4)
point) Rw, Gw, 2 Bw ‘39l 85 de 9 949
N 982 D65 B4 Sl AR Moz nojrs k=1GL+D) ©)

A vl A (color matching)S Al71%E #3# 21719]

I o] ALtdrh Frd A9 A (1) ~ QA Et
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oz} o]F Az HHeAN gt B
< BT A2 Ago] "ok % 3= Lao
G E nitsE AMEEH, 9 949 BlolE F w9
20%E 7HAEHLL £ 4% 339 & A7 gre
R, G, % B 9 ZE (rod) AAE Ztz}e] §o.
2 A=Y, o] & CIECAMO02 dA &A%
Hunt-Pointer-Estevez fundamentals #3F =] E g
22 349 Dboll 788 XYZ 3 A=) hos W
.

2.3 IPT 437t

= ICAMO06 Ed o] CIECAMO2 ¢} CIECAMY7s
T4 22 o)A @A 2H (color appearance mod-
eloll X 2-&o] B71% AW Hunt E36] o 8|S
AshA AHgEe A FRezr v HE Ad
(lightness channel)& 2Ju)&l1, P& T Mt 49
(chromaticness channel)$& 9v|3ci4]. 1 A
P MFA 2 E red-green A'2EL ov)sly, TE
vellow-blue Ad-g& oJv|gct DE5FLol 29 X,
Y, ® 2 3AFHAEIPT & 3209 L, P, 2 T
AFANR Hgsle g9

L 0.4002  0.7075 -0.0807] X,

M |=|-02280 1.1500 0.0612 | ¥, 6)
S| [ 0.0000 0.0000 0.9184 | 7,

L':LOAB

M =M"® )
S: — S0.43

7] [04000 0.4000 02000 | L'

P|=|4.4550 —4.8510 0.3960 | M’ ®)
7| (08056 03572 -1.1628] §'

g 2t LM RS AT 93 X vt
HWEEE o2 [P, 2 T AFA9 =73
e3¢t Hunt €318 A9stry] 93 #A A

ST 42 Te 4

1.29C* -0.27C +0.42
P=Px|(F, +1)"?
{( 2+ [ C?-0.31C+0.42 H ©

1.29C* -0.27C +0.42
T=Tx|(F, +1)°?
{( L +D [ C*-0.31C+0.42 H (10)

L2 8E ALdn o7 Ce FEF PTYA
dd 7] AZE vgith 9 HolA Co gro] 14
o o), 23 3k P&} T &7 Wdlste Ae FLo
kol Wig el e} 2Rtk A ¢ 4 Aok B
o e &8 AT Lol Bt 9% Sobske d
o]7] W&ol FoJX A=) HErt AAY AL EH =
HHE Y2 (colorfulness)7t £7}3 k= Hunt &3
9} dX| g},

ICAMO06& 32108 pe) 3t-& 0694 0.857HA]
AN 2 g B EE Adsta et d
€ 5ol AY Bd s %@ﬂ Woﬂ pel &g v
9 e
] #73& Z2% HDR ¥4< A9 3=

= °2 072 438 iCAMO6
Wag *EZ}EH o p= 9

™ol glvta A#g & Sl
1 getuE pE Ag}be] A
o Erle 7A4°1 OMa}, A A shte] £ 3

AR & HAxgE P17 Y &9 84
o] 4P AAY Ao Jv FAHo] olu7) W
7hlEtE A FHE #gste] 2 29 bolHE ol &
o gtrt. 227 g &8 HEE AY) YA
= FtulEte] AY B4 =& go] tE &9 9
el FHx Zhe] EFo] rhedteE A 2yEt
ol slo|E A (white point)= A& 3te] 3 =o} A
% H#XE (chromaticity coordinates)Z& Z43sl= A o]
¥ a8t

Filete] A 54L& ) gid gt Al Aok A
F3] th27) wj i d&EQ) FLo) ojHr} A
529 i eyt A WSt sRGB 2R 9 Ad
S #9313, sRGBY agE uat X, vV, 2 79
3 AFAE doule HE AHEF A sRGB &
259 99 #2 A= OA” g R, G 2 Bt
SR dFgolgtar 4R8I, 1 e 09A 1A=
A3 5o JoHE] 28y hRE ] Fds} &
g |29 teldie] HAAE 587 A3k 4 AE
£ (knee control)S AF&-3}32, A3 % (ow light) ¥
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ol MAE A MAFAQ BWAAS stuE gt
AL 0 ~ 255712 ZE YxNE 3k (digital val-
ue)ol 9 7} (inverse gamma)E & &8 e o4}
A HFE Fad 7t gtk wEbA B = A
= ALt F8E RS shal AE8AAE AT
A8iM 0 ~ 25749 e HAE R, G, R B YA
9 g FolA 50 ~ 220714 g AM§-3teq 0ol A
Prole] o2 Hs) A7|a, 1 F 9 FhilE A&
3tk 2 Ax g9 X, v, 2 79 3 AFAE
0.4124 03576 0.1805] Ropos

X
Y {=[02126 07152 0.0722 | Gori (11)
Z| 10.0193 0.1192 0.9505 | B.es

3 o] ALEY, I71X Rerer, Gsrep, 2 Bsrep
3AZA= UAE # R, G, 2 BE A¥33 gho|th
A (DA A%z FEdHe XYZ 3 AFAE
Rirep, Gsion, B Bsras® 3 AFA7F 04 17HA 2
A8 Ho] glema 0o X 108974 A ZHe MR E
AL gholtt 18y 8 = 5] HEiAl
© XYZ 3 A5 AUA|7F 9asr) Wi, ol&
T3817] fElM s A Fo|lE Hrx Ax FHR
= 593y 3z 42 "2E # 3 (test pacth)Z
oy =F FgoA #FPd d49 Oxg pEH 7
BX 9 XYZ 3 A=529 SAX7F asith 1 o
AL Ay =& &S AT I oA H2E
A5 2 F4 A Fho] T3 EHA Fu
50 ~ 220AFeldl gt EX8t= FAE TET, Yoo
glo|E g My szl 8 RGBS XYZ 3
A=A gk Abelell 7bg 227t A1 A B9 (mapping)
o] He ZolE HE A} qr)AM ol Fe
AZE 54 =& golA #F9 3 oA a3d
XvZe) 3 43R FAA Y #%o) 19 §o) HE Fe
oulshy, #Ast 9o =F o] GE Ao
7I1Eo R F% ZlolE HY Fmo) gk v A
s =& FgollAY olE A g 7+ &
=

Ad gdel fdEo] He Al opy A
golulel #HRIA} obF itk wetA 8 =
T3)17) 95ty #ogsie A9 Mgrt FEes
Esit), =3k it £ tAE e AHEuy
50 ~ 22002 A|gtstr] Wi, HDR %tY £HE
TE7] HiA HF G exkuo EY 340t

bt dz aju rlo

ZolA 47} k.
i ete] =& e WA}
Wl (error variable)S &)

SO EE 10002 2N FA& {/b6o2 135}
1

HA &
3o

Q=g %e ARV HFHOR HoER o]
A% A= Lue

fr 2

Ly, =5xL, (12)

9} zro] AXEY &8 T LT 2 (1) ZFH
T Y A2 Bl i Ete] =% gl w
£ 3E FHo Foz 7+E 5 Stk

LwE 98 o2 3 pol #A4-& Breneman|7]
o] 33 -4 AF o]y (corresponding color
data sets)E wlF 2R A9 A XNE NHAEF
A §c}. Brenemang] A#L FEA}F 742He] w0l
Mz e Fdo £33 5E gt A &5 48 S
o, B =i FHH 02 A3 v olH
$Y3% D5 FH dlolA AR T E xR =5
SA1Zl Y Axgle) b2 39 HE Aotk
[7]. 289 Holg A& 15 9 270 cd/m’, 130 9} 2120
cd/m’, 2 850 # 11100 cd/m’o|t}. ZHAA BB
2 Hole Il LwE 78 § Ue pT

p=0391+0.114xlog(Ly ) (13)

9} go] Aatgth g7 pE A (1) ~ @ellA 22
F4o) AFE AALAth AL p ol U FHoz
A &8 mdd 24 P& W iCAMO6T v st
oF 55%9 A HFg 23 AHAE&EE BA

= e gZvEQl Lme 9 FW FA Tt
A e FES onjdo. dvrH o & HDR 9%
2 3ol tholue AR} B Wi solE
HEo} 1§ ol Holx 499 Hxrt x3e] E 5
Aok WA Lye LRt 34 AU 22 38
4R iICAMO6 2E 9} Lo/t Al 20000 cd/m’S
2 3=l Jvka s po] 3ol HHE e
059141 0.85471A AdE 4 St

2 (1302 A HoZ AFE AHS
o po} e FAFoER G oF
T o FYAM F HolR @AY F2 4
7VsstA He Ag ol Lwe] W
9} g ¥ 29 JEhiATE 28 20 ek 674

ofr

Mo

#
2]

2 41 - o
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0.90
= approximation ling
—4@— experiment 1
0.85 | —#— experiment 2 : : : y

—A—  experiment 3

0.80

075 -

0.70

Factor p

065 -

1.0 15 2.0 2.5 30 35 40

White luminance (logL,,) [cd/m’]

3 2. Breneman A#ol| 2 slojee] sz e p

9 H& 77l G Ego g F AY Ho] Rojye
t ©] 212 Breneman A& A Aaiz 23 #o
2 ZAAA a1, 7 e dfF FnoA st E A
@ dolE 9} Hlwste] s HHstE e wAE
Ao, AHL o]lg ZAse Aoy}

ICAMO06 292 o AAd s =& gte th=
A Y A7) Fo AL §A43 HDR dvh-e
7FA 3, mdo] dazEol wet 94 M8 (image
processing) 3 A#E Fo 2 ArYsiu Y} o
= iCAMO06 4o} o Ao & A 43 mejvte
a3l o, A% P4 He Al 874 (viewing
condition)> 31&]7} Ho| A Rohe AL & &
Ak 2HAY 227F AdelA FYT Y& dge
TVE 53l A2 & A3 B3 ok 713 E

_1

A
A%, 2% B TV 8] 2wk Axs) Ao
He TV 97) € gk A} 2]z Bg 253

=2 4 9tk asEg As GAe faEZy ol 5
of Be A9, 9 A 8742 neste 9 Aun
TARRE =70] 522 A 2 BAS Folof
Ei=

9] 7142 CSAJ (Color Science Association of
Japan), Breneman-L S 4 asiz g 248 o
ol NME FAT £ Ut ¢ AL Aos my
o g Fo A&7 15k, @ FE +¢ 3
58 FA3e A )9)d Ay gato] tjAZg o)
He X9 &8 =S 28t A&tk =43
o8 A= AR gV HE d=sy AL

9 B gdenEE polet &, 28 F4d O
FFH A FBS 28 g EHE p2 49 3}
ot 71E9] 2do] Q1&g Aol ia) p e
0] &3 AUTHH, A4H Bde Foi A §HAd w2}
2% AzA ¥R p, pr F 7HAE AHEET 29
32 iICAMO63 A|tgt &gl 5L nushe AdE
£ Uitk oA 2ol iCAM6S 58 87
o dial 22& & gle FERAY, AL ¢uE
< peoll 93l FAdol AU He F9 IE (sur-
round luminance)ol] 9&FE V== 9ok

9 AdF A A4S d2Fgo) e #49)
=t vl 1EEy] st AMSsHE M pE

-0.6976(2L)
p,=089+04111-¢ 7 (14)

o} o] AstE ) 42412 Breneman ¥ o) ¢} e
3% Fo|E = &Ao) s A4 9 943 By
d HDR 947t E 99 4392 53 #=9Ah
olg W pE ol &3l Al EAS B3 HF

AFAE W8 @ R, G, 2 Bi= 747

R, =(R)"
G =(G)P (15)
B, =(B)"

o o] AT ek 9§ Fu t)aFdo] i
79 £3 AEsL 2T, ICAMOBT} o] FYs}
A Bk S04 AR vhst Lol setule pE A
95h7) A B £ A= Lod) AL T2

Aol 3 Fo) AFTre] 3§ o]%7] wEo,

Single surround of iCAM06

a3 3. iCAMO6Tt Aot 2He| p AlEH[W
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Base
layer ——‘
y Chromatic Tone IPT

XYZ —— - - . —
compression color

adaptation
space
T J 3 h T
XwYuwZy

Lyay, Lyy ——— P Pa

Setting user controllable factors

O8 4. HMokgt p vEtole XEMN EET

;\0_{',

LA291 AdS AA B A &1}
DR B9& #9F 949 doluld Az »
} 33 Zomz 3 oz FRac) e 2}
A4 d2E p, p, o EEEE 1Y 49 Ve

°>, e oo

3 ot 5ol My

o

Fa1rch11d o) /N3 HDR Aoy Hr GuEE
{8] (Evaluating HDR rendering algorithms)-S 3|
iCAMO6 =3} A <tst E’_‘Q S A3t WS A}
&3t A3 Bd o) H%S FHrleih 43 Bt
AL-8-3F ¥He HDR Aoy A4 7} 9y oA =)
A3k wkQl % gAF thE vl 9hA (paired of com-
parision)& AH8-3te] ARPoH[18), 4F hie
EEANS T3 duigdd 94, iCAMO6E Y 9] 3}
BEE 7R RO 2 T ATHT JA, =FA
o 2 E Low 9 po] WSHE 3E FE3to g
F3 4, 2 p, p BFE AE38le] N2 nlushe
WS ARSI F A gz vl e oy A

£ (sample)& g Alotdl T2
o] ehje}, © F sfe] AAZEYHE F Ao n)
Fxo wat G4S AdEE el
AEE S8A 2718 AEAe Aol thgk HEXA
o] = 207 0] Friglon, 3 AWE 7 g
de=y 2%

vh} shiy &

== Alok A (viewing distance)2} Alobz} (viewing
angle)& 71F2.2 H43S AlATHI F Aoy o

& fagy o] ¥ o, W= (background)s

E 49 0%z 245 txEdo] §9
RE BAE £ AZE M ) 4

- He 29 949w
£ gt

Age A F /A FEED A dAE 9
AR 1A F3L FAO taEdol E F Ad
3 G DA A BFa AR Aoy o
Aol Ui AHFUL 24 52 AAFH 2EHE
E 2 9gAe Aux 59 AAFHQ FHo Wi =
Aoz Asste F4E Adsie HAez 49&

+
o
311‘
£
rL for

B AT 66%e) A Al e

A A5 EASE $A0ITh T WAL A Fus
a6 APete 4 ANY 9P ERAHo s
4408 9 FHol AAE 49 AE R AAE
YA o= A2 fAEl EERET) @ 3
F=2 Yrhshe Agelth T WA 499 A% =
B AUEY A58 BAS £XE WSl BAS
A850e 18 5% 6& A AW ICAMOBINA

a2 5. iCAMO6T Fioksh =®le] #ma Z4ab (a)
Lmax=20000 cd/m?, p=0.7; (b) 800
cd/m?, p1=0.5736, p2=0.6190
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(a)

)

a8 6. iICAMO62 HMigket =de| #HE ¥ (a)
Lmax=20000 cd/m?, P=0.7: (b) 800
cd/m? p1=0.5795, pz=0.6190

(d)

3% 7. deloiA ALRE HDR @4 (a) A A5 (b) MY ed742; (c) 25 o741 (@)

A3 () M4 ool

ALE-ElE 7B mebelE 3S 283 2d e Aekst
rdz dgest gatoltk 18 59 (F AAFe
2 M9EE =708 EX AR 1580 ofFE 99
o] Y& o]F A Holn, (b &4 AN F90]
Bk A9siA Bola, ol FE] A EYLT}
EoAES ¢ 4 SUth 18 6lME F Edo) #r
Y3 JA9 ol HlolE ofy o] ukioX S8}
A =4 F %ldr

1Y 7S B el 3R 9o AEE 9t
o A ‘ﬂ S #9sh ¥, At e 6%
HDR B4 & A 2dz Auyd g4t 2
F (@ ~ (0, (& oF¢ A BUL 9T

Gaoln, (e 2F9 ¥ AW & Cidh:
Aolw, (He Ao do Ade & o
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