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An Adaptive Colorimetry Analysis Method of Image using a
CIS Transfer Characteristic and SGL Functions
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Sung-Hak Lee*, Jong-Hyub Lee”, Kyu-lk Sohng”

ABSTRACT

Color image sensors (CIS) output color images through image sensors and image signal processing.
Image sensors that convert light to electrical signat are divided into CMOS image sensor and CCD image
sensor according to transferring method of signal charge. In general, a CIS has RGB output signals from
tri-stimulus XYZ of the scene through image signal processing. This paper presents an adaptive
colorimetric analysis method to obtain chromaticity and luminance using CIS under various environments.
An image sensor for the use of colorimeter is characterized based on the CIE standard colorimetric
observer. We use the method of least squares to derive a colorimetric characterization matrix between
camera KGB output signals and CIE XYZ tristimulus values. We first survey the camera characterization
in the standard environment then derive a SGL(shutter-gain-level) function which is relationship between
luminance and auto exposure (AE) characteristic of CIS, and read the status of an AWB(auto white
balance) function. Then we can apply CIS to measure luminance and chromaticity from camera outputs
and AE resister values without any preprocessing. Camera RGB outputs, register values, and camera
photoelectric characteristic are used to analyze the colorimetric results for real scenes such as chromaticity
and luminance. Experimental results show that the proposed method is valid in the measuring performance.
The proposed method can apply to various fields like surveillant systems of the display or security systems.

Key words: CIS(color image sensor, Z 3 o|u] XAl A), AE(auto exposer, g x=%), AWB(auto white
balance, AHEM A Z4), Colorimetry(Z4A)).
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Ae] o|n]A] A (color image sensor, CIS)¥ CCD
{charge coupled device) &2 CMOS{complementary
metal oxide semiconductor)®} 22 &4 249} o
4 A% AEE AXA g8 oluE &9t
AEE 9 UAE H7H Az d@ste oln A
AXE % 249 F U8 A% At 877
A AgEE o) wtgl CCD olv| A AlM gk CMOS
olu] R AME v CCD o| A AAe Ad 30d
5¢ 94 85 249 uiRES A o AT
Eo] CMOS ol"| "] AAe 4Z3A7 T2 9)
ok CCD olu}x) AME adxd Yxg s,
# Al 8] A (machine vision), ¥ & Fv5H £
nA% A FEs v, CMOS omjA AAME
& AR Q1% We vhd, @ AuAY, g
3 A Alz=F A7) 5o A wiof oj5A4d A
Al 53] Fu-8 UAE Ay e WL &
S 7kAlE CMOS ©|v|A] Al e Ag-ol 34
Z7pstal vH1.

Fhilele] 29 ou| A £, FikAe B8 3
SAME, Elx hvet Ae B4 T 43S i
o}, FhdiEte] F3 A AHele Al BAY, AF 44
7 (auto white balance, AWB), @ A& xZ(auto
exposure, AE) 522 A=, € JAHS XyZ
3 A= 9} 7l RGB 29 23 Akole] ¥ #7)
¢l 7hvig} A EAl(camera characterization)& 2}
T By 230U AF =& 59 FiE UF 23
Ao o8 WA goH2-3] ol At A
A9 A Wo] g A7 U Felg 1Y
Hol geul4-8], & AE XYZ 3 AFA]9} o]
i et 2 9% RGB 7t et &9 Alole] W& 3§
g 3ke o] 479 §olA Wi gol o &
Hi JeH9-101

i Ete] A B4S o] &3ty 29 7ol F
ARl digh &4 B4 317] siAe 7iE &40
A 7 AY 547 vlEo] sty @74 dig 7
g Ul § 23 §A4& dolof gt} o} & A3l A¢E
S BF FolA ulg steeke] ®F UFA FHE
& Altsla, ukd 29 e J1E B AR E I
Agld 1Y 54¢ F3%e WPenhiol 2=y
o JejoMe] 21 AxE dolol HEE YT

o2 24 Ao E/Msd B30l 3, A= &
A E=F B7Fsst

B =RdME Yy o)A AN A5 27 &5
¢ = &-ZZ gl (shutter-gain-level, SGL)Y &
Q&9 RGB A'd ARE o143 HeHY s
Ag B2 L ol &g G4l colorimetry(F4) £4
718 AsArt A PR #9 87
(%) BT 45 J5 = 54 A An
% FEE 428 4 gk Gl AHSH e o
2 A AEE AAME9} UAE $F 2 o}
g2 2203 23¥ 1, AWBE R¥ B9 A4 o
Eo2 zAHY ol¥F st 23 € A4 F
Bde Aasisled Fy ojwjA] AME HA =
o] Az IEE FH3E= ASVE 8 F UE
£ sttt WA FieEte] AE 24 B4 719e 3
Z3le HF % g FEd, oo Hb AF
t}3}4] =d g (polynomial modeling)& ©}-&-% 715
#Ao)A e 7ivet Y PP} AWB =8 AFE
23 saA 9 Ao 3 AFH FE A5 AEE
=354 B8 ojulx] MME 0|85 At I3 4
=4 3% dZ 719 Aol 71E T wimdy
$53he g9l 5141, d2E dae A4 IBE A
27 A% 87 248 o143 oyl 34 44
N2" 5ot 59 thgE FololA $8o] 7t5E
Ao 2 7"

2. CIse| dsAE

2.1 CMOS o|o|x] MAje] ZEHE

E AFeas CMOS o|v|A] AIA(TOSHIBA TCM
8230MD)E A= st} APttt olv A A 4
4 AE A BExE a9 159 2t Yo B3A <]
@zl Yrte o, sk vl (pixel array)el A FH
Wty A5 A3l A Zol (sensor core)?] TF
& B2 A gEol-E (readout)® Fo] obgEL
Az A} ADCE AH v7}F wlole 2EH(raw
data stream)¢] 8 ®h 183 o] gA NEE F
24 B.7Hpixel interpolation), R} AFo) B Fvt B
A (gamma correction), Z# 24 (color correction),
A% =&, 22la AE 98 23 59 AE HHE
g3 gste Az T ojmAst FFdrH2-3).
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Pixel array

Sensor core
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Signal processing

-Light collection
(micro~lens)

-Readout

Raw bayer
image |-ASP

-

-Color filtering
(color filter array)

-Light absorption -ADC

(photodetector array)

(active pixel circuitry)

(post pixel circuitry)

(post pixel circuitry)

Raw data L G
- Lens correction
stream‘ Output
- Color interpolation data
Control |- Gamma correction Output

bus ] > clock
7| - Color conversion

Master
clock

38 1. CMOsS ofa|x| diMe| Hat AT Xz

2.2 Hot 29
CRTeIA, RlY| L 4 Agada] tish A=yl A

Fe HIAREAR] AEEAS 71N, ¥ AR g
G2 F=e AP F )7 Wi vt Ayl o
S F49 HAxe MAd(r=22) EA4S 7HAG o
A A FH e M= r=0.4545(1/2.2)¢ vlAa Y 3=z
£ o) g3 A vt A IZEL HAse, o8 7
o} 27 (gamma correction)o] g} et &, 94 F5
AR et A AR 457 BE TAEF o]
ZA 9] Ztg BAAEA 4 olm A7t e AF
4 F J=F FiletellA] ArtE HA>EA 24 ok

N
w
>

S WA =X (AWB, auto white balance)

e 2 5 QA B A% FA0 e
S RV AHZE 54 g g Yo
AP 1 919 g A W F4E)
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9o et B Bz xdHEY, ok
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58 7HE 390 Bebd B4 B £
% B3 Hes e HIE @) o)) o] B
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Control bus Control bus Image data
Camera control
- Auto exposure -
- Auto white balance | _ » Camera control
status
=28

A5 o2 BAFFE Aol A 94 2otk CMOS
olu]x] AN E w et A&HA FH 5
= M3 AFE Cb Cr FEH BXAZ AT bt
Cr 5 Alol9] A& B34 RF B Ad9 o5&
ZAFozN 2o 42T yiste] wpE Wyl W

5E Hagste AT WY 2L I

2.4 /= =E(AE, auto exposure)

A% =& dAA Y g7 ) gt
AsHo R &L FAFE 75oE Y £59
27 #& 2Ago 2N AAHN =& et o
vz AMAAE o ZHArlt) Fme] Ftzgio] A
A A, @4 e 97 I gy
EEX = g vladty =& A g

(preamp) @S 23l AA = e A ot

A

3. CIs9| g §d =A

3 A=A Xyz9) FHlet €8 RGB AsAte]d ¥
3 #AE el = M A2 §A4S 2AEE W
He F7) B3 B¥E 7|22 3 4 (spectral sen-
sitivity based method) ¥} 4} B}A& 3
(color target based method)2. & E-FHTH4] &%

o
BEE 7|22 37 e 549 A e
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Fiegtel 2% E¥9 CIE Zejv)y et B4
E 78 3 A=A XvZ9) sHilE €9 RGB
Azolel BAE Gt 18 4 7 E RGB
geje] ¥3 B39 CE 29 w3 oo ve &
AL dgo 2N JE AE 54 ¢ F Ut o
gt o) Wl e el RGB HEls) B33 2R E &
A & e 427, 48 548 ExA=2volE(mon-
ochromator)th WAL 274 7] (radiance meter) 53 2
& vwd 3rte] ANyt esty 7vE Aol
s34},

A eAg V2R § A E o9 AE A
AFA Xyzek o5 9% 7HE £9 RGB ¥
o] \ig Y& Far} ol Falw Pdle Wida
9}atg o] 23k 33+ LUT(lookup tables) HHH{5-6],
H4 AF b3y 293 (least squares polynomial
modeling) ¥E[7], 283 A% $H(8] Fol ol &
At o] = g A (polynomial regression)
o}l2% A4 AF oA mdge PP 3 AT
ot 7iE} &9 RGB AW E astA WE B4
£ 7 = A7) Wi gy o g gol AME-H}

Ha AF ek 2dyg wio 2 sidet dE 3
gg oo e g3 2o N A8 3 A
FX XYZE W 3x N d47 o] t-g3te v)v])
2} 9 RGB 322 T4 3x N 8 Aol¢] W

Fa&
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G G o Gyl=lay a ax|} 4, - Y (1)
B, B, - By ay ay ayj|Z, Z, - Zy

o 2T} ojsh Be Axde] Hh AT NE Fo7)
g8l Qukhd 4 Y-S ol g FHlo] 3
N A A3A 9de] A YL Fa

Rl Rz RN_ Xx Xz : XN ;
{G: G GN [Y; Y, <Xy i! (2)
Bl 2 BN | Z, Zz ) ZN
a4 Gy aIS— X, X, Xy || &5 X, Xy !
=la, a, ay|| ¥t T, Yy “i Y, % Yy :\
a, ay ay|Z, %, Zyllz Z, - Zy

7t Ao wEHA f=E FiE Ag g2

@y Gy ay R R, - Ry JX X, - X, '
ay an ay|=|G G, - G, ih % - Y (3)
a3 4y Oy B, B, - ByllZ, Z, - Zy
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"7 Bk A @A 7ok 13 A8 3x3 HE PP

Filet 28 RGBS ANA e g 13 A% od
Ag FAste pPorg 3x3 FHeolrh o7l
K, G B, 281 1 o9 22 e 34%E d
st 23 oj4de] HMIAR ez FFATH 3
x4, 35, EE 3x11 P8 F o 744 o] AE
PP & F U

Hongl4] 5< o3 gAY E o] 8T Ha: Ay o

| g4 magow g 18 54& 2Akststh 1

= opa7le) Mz o8 Moz o]Fojd ANSI IT
8.7/2 Z+E[11]1¢} The Professional Colour Commu-
nicator(PCC){121¢] 4 AZ 2070 o] &3t 42z
9] 3 AFA Xyzeh o) Uie shvet £8 RGB

S AUth ©] RGB &4 13 A% A dxFH
22} Bl E tarao g FA3AA Zzte] M ¥
gL 3l %S vimsto 2 A9 §349 2%
H A ohaho s 3 3x11 PP Fuo] ¢
£ Rt =9 AR FiE Y 54 BAGME
ANEAE 607) o} F ol &FE ALER WFE FF
o) g PFL 4L 4 Y& BAtH

4. 830l CIs ¥Y e SGL &+E ol
=32l

PO Rl OflF

71% B 0M o FAAA S Fd 3 AFA XyYZ9

FilEl £ A& RGB Atol9] WE BAR ¥IREE

Fhwl 2} A'LE A (camera characterization)& T8 3)
AYE o] 43 HAi AF ) RdHE o] &3A
2L 4 otk 2 olHF i AY 54 AR,
AWB, v} 59 7lvle} 24 B4 o&3}r) H&
of 2 Aol W% E £ Y Wtk BN E A
g AGEA L A1 4T & ik 53] AES AWBE
Giel 5} Mol AYHor TS B/ WE
o &9 BA HLH Avjel g PEL FE
gart Ik 718 #7360 st E8a oA 9
3 A=3) Abole] HEAFHAE

R, X :
G. |=M| Y 4
B, z|.




CISel MHSEMN SGL B8 0188 HSHQ! Y| Colorimetry BM Il 645

FielE} Al e ZEdein A4 =
9 ojn|A Y FAxe} M3 ABE AN HF B
el HHstd &9 o[v[AE A=E AL B

7ol AHS-E CMOS ¢]mA AAM 9 AEE A A
(electrical shutter), OB 0|5, B tJxd o=
3% 3 dds 2dgd agln AWBE 1) 2
o A&eH Solorx MR AT (b} Or YED
B3R AR A5 b9 Cr FEY AE 59 AES =
%Z%E.i R3} B A4 9] o]5& =A% o|8g 7}

vt 24 SA4& 7|We g sto J|E SN 73
Fielzl A FEI AES AWBS| AEE 345 &
Zohd, 299 Fxe} Ao Wl Ud HgHY
i el Ae FEL A& Ao| 7158t AWB B3
Al 71% ERD0)d o B A R, B Al o5
HRE o] &% sl g dEe g} go] 7&

o} 2tk 7)1 Mce FhvlEl A2 #88 vYehdo
A o3

+ Aok
R, X
Ge :Mwsxc‘h’[cm Y (5)
B zZ
Ky 0 0
KRDSO
MWB‘G =\ 0 1 0 (6)
0 0 Ky
KBDS«O
M'= MWB_G 'Mcm (7
714 My o= D50 718 870 49 ra
B A9 o]5& el tizt Folx, M, & 7]
& &730M 9 Fvet A 54 M2 A2e
SR T Fielel A2 PG epdch

OEoR A% =58 A% A M-, A o5
A 5% Y= HAde A3 dAsEH %kﬂiﬂ«fﬂ
=2 HE AT kB MEESE L, OAE o5 @
T oo, FERL 0|5 FF f, 28T BF F=
4 £, 59 SGL(shutter-gain-level) ¥+2Z5H
=gt

= fs(shutter)- [, (digital gain)-
faclanalog gainy- f, (lum level) (8)

LN B A JiHEte] o2 RE ity
dd) 3 AFAE dFst7] HEiA, A (DA d&

Flet A2 BAH wd AF keg o]8F TS
NozRE 4% % Ytk d71M FR Ax Y
HEA 4L v, o] W ¥ gko) HE [cd/m 13k
o e},

X R
Y | =k [Mc T‘ G,
Z 4 B(7

9

B =RHE CMOS olul A AME ol & 24
24 gnd e Ad@ch 94 At ﬂu}% 12

AN A 3 AT A5k Al 28 Aol
WY E 2ES Sk YBEoE vt A

T olulA AAM9 23} HE-g FA F=F 5] 4
& FrtA e HE g Fpvelr} ddEtd AFH R
=&& g5 7Felnh & A+l AH&F CMOS
ojulz] AMel AE 23 fde gt 20 w2
FoMe A MEE 3 k& AIZHE 248,
S HEoAe 23he A A FejoAM odE
I o5 o8 2AEY. 22 gAY o594 £
e HA MES} of2 2T o] F Ate]of A o]f .
ol#I gk Azl 7|vt st FhviEle) AE AT A%
Atole] #AE AFET 949 F = 5 4
Y & fr=dich =8 71§ 3922 48 4 DO
ol X Fivletel AL gobE nlggdst @ Fejol e
H AF oA By PEE o3t HEE 7}
et g 548 7
Atg et Hg FEE o83 P Axs}
FEE d5ste H4E 39 20 el st &
9] Fhvet 292 dolE ol B7] W&o, At
< 2ol s FtelE 292 £E3 ¥4 agn
71 oM 78 szt Adg AP PP g
o] &3 A sivlete] FH o ZRE Fmof ot Ay
3 AFAZ WAL, o] WEE 3 AFH AN G
Axg der 285 949 HEe sk AE
HA2E gE oA B = A4S A I, & °lE
A S

5. M8 2% 2 1
iske) AT 40 B9 209 sl i)
e B d¥olMe &9 271 % B FdA

(uniformity) 2} 7) 884 (geometry)S 3188k 45/0
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Image
CMOS Camera > RGB outputs
AE, AWB
y  values y
AE register values, Sampling outputs
RGB gain values
A
v RGB to XYZ Conversion
Yes’ , MWB‘G using MC

y

Luminance & chromaticity
estimation of the scene

- Luninance:  Y{ed/m?)
- Chromaticity: (x, y)

a8 2. 7Rt FE YHEE oI8E A s A oF
Wy '

(CIE standard illumination and viewing geometries)
£ §AGS, 48 A 29 € ASNE 43
T8 A AP N o1 A FEoEN FIHE F
A Aok Fiegke] JFEA Aivlel A= F B3
AL dutroz =g oo g 242 YWz
. wpEkA] AREE CMOS olulx] M e] gz B4
ZARL7] 918 sholE HiXE HYsA &9 A%
dg AT 2AF Aol A 384 9] 3Rl
L8 ZAFE F A B4 oA A4S <)
5 A7 R TEY AL o) &EE A=
BARL AHEEIA ojg BRI 281 JidE dg
EAE o] 88 A oS gloA FHALA Y g 7}
Wtk 29 A5e 4¥4¢ A8 g gele
12 44T e 488 ot

AHE-E =A18E TCMS8230MD CMOS elm] x| AlA
9 AE, AWB 4 #Az8e & 13 2}

WA AE g X259 o tig e 24 &
HJo2RH F7 I 4F 48 4 9t g
¢ Fz g FolE & B934 AE fAL
Blo] 7 34 2489 AXAE, obgR o5, 1
3 YAg o]5¢] oigk el A 2H gt 3= Ale]g]
BAE 47 f=3l9 ® 29 YRl L 3%
qxe A AE e s AEZ} 2 HE vhdd)
9 Hro A HA HEE TER ofgRn o)5
o 93] 2AHL, XY o|52 A ME<) ojd=w

BB o SLJw

E 1. ABS CMOS 0jo|x| diAie] AE, AWB AEj B|XIAH

Address Name Description

e . ALC Operating Internal
3zh ESROUT electrical shutter data

ALC Operating Internal

33h | ESROUT | gectrical shutter data

34h AGOUT g;[t,;) Internal analog gain up

ALC Internal digital gain up

35h DGOUT | 4ot

36h  [|ALCDATA| External ALC Luminance data

42h RG RGB gain (G on GR Line)

43h BG RGB gain (G on BG Line)

B 2. 3£ AE iXIAE] Alolof HakatE 4

Ratio Transform equation
. tShu“Zr foe ~39.9824
integration | Js =175 0004 x (data[32k] = 256 + data[33k])
ratio
Analog | - _ 6 0052+ 0.0013x dataf34h]
gain rafio
Digital | - _ 364 +0.5028 exp(~0.0239 x data[35h])
gan ratio

External

64 64 Y
level ratio f‘“[""‘3“““"“”[W)*”’“*(@m)]

a o5 T3 ¥H $19 A= dEdM FAET
HFH o2 7} AR #A2H o e 54
& $9E 3 A dF 4 L=

Y, =KX fsx freX fae* [y [Cd/mz] (10)
o} Zol . th o] oA JER Ke 5829
ol

€02 71F D50 FHoA HIRE FhollEl A
EAA-E 7317 98 1Y 33 o] 4¥ 7L 3
t}. GretagMacbethAl$] 2Ho]E 22 (light booth)}
dA A8 4 Y2 GretagMacbethAle] 28 A=
Z}E (color checker chart)ol] th3l 71¥|2} RGB £9
£ 931 A% (spectroradiometer CS-1000, Minolta)
2 N g9 fms} xy N FRE FHNA T
AHE o8 A4 AF ZdY YR st
A FE& At st #9 o] S99 A
g A HgXE XA A s 9 RGBEE |1
el 29 22 A AZ7E A g 29 F
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Target pattern &
Reference illuminant

GretagMacbeth
Color cheker chart

CMOS camera
troller

CMOS image sensor

Analysis & Control S/W

Measurment

|
|
|
|
: Bayer output value RGB >
|
|
|
I
1

Least squares solution
Y

M, =(rC"(cCy") Y

M : Camera transfer matrix

T: Tristimulus values, XYZ
C: Bayer output values, RGB

O OU S M S S

12 3. CMOS o|o|x] MAje| HY £4 24 TFHT

= xy A=E ZAAh & Jidet 8 RGB @&
CS-1000 AIS712 5743 3Eg 45 ge §xmd
thet Al 3 ASA 2 HBsHA sviet de ¥ES
A,

9% UL o1& H: Ay ZlY Yo
D30 Fol A 73k CMOS elrlA| AlAMe] wixE 7}
He de e

0.02090 -0.00846 - 0.00376

M. =|-0.00290  0.01058  0.00079

0.00350 -0.00441  0.01651 (an

o} Zo}, agln s EtdE dBE 7§ V)E 34
M AE BAXH FE o843 = dF 4 ¥, 9
AT 2937 cd/m’ otk BFE HE o= 4 ¥, 9}
D50 AN T sjvlet A 45l AUE of
23 HFAQ) Fhvel RGB £8IM 3 AFA XYZ
29 WE e

X 52.5988 46.1215 9.7785 R
Y :(;ijx 14.9230 105.7201 -1.6478|x |G

—7.1587 18.4574 58.056 B (12)

7} o] Yebd 4 glt} o] BA4L o] &3 A DD,
D50 FA o4 GretagMacbethAle] @8] A=z JE
o] A AZo 3 Az = HHE T3 AT
S Briet A71E 39 40 vEbAL
Aore whgo g T3 A AZe] AE oF 45
FHoz B8] YA CIE uv’ HEACNAN
AT QAE T AL o443t ALsATh

172

2
e
oX
olr
if

AE,, = [(Au') + (av')] (13)
®345F 44 28 AT P A% 45 22}
B i Az J=ext, 28T FHE A o
3 HE A2 20xE RAZT. AR A 72
715 870 g @ PF W2 (single Meo)F Hl L
3RS w At AL AFE 71 (adaptive Mo) 2. &
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— P22
NTSC
® Predicted V.

e Black-body

4 Messured value

0.3

alue

locus

- P22
NTSC
* Predicted Value
4 Measured value
~ Black-body locus

— P22
NTSC
*  Predicted Value
4 Measured value
s Black~hody locus

0.8

0.6 0.6 0.6
¥ ¥y y
0.4 0.4 0.4t
0.2 0.2} 0.2
0.0 y : : 00 : 0.0 :
0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8
X X X
(a) (b) (c)
O3 4. M MEo| Mz ofF: (a) A ¥ (b) D50 Y (¢) Deb H&
E 3. M MEo Mx oF 2|
Color difference, AE,.,
Color patch Single M¢ Adaptive M
Iluminant Dso [IHuminant D65{ Illuminant A | lluminant Dsy | Dluminant D65| Nluminant A
Red 0.0183 0.0086 0.0354 00116 0.0068 0.0246
Green 0.0061 0.0046 0.0208 0.0057 0.0041 0.0173
Blue 0.0078 0.0570 0.0450 0.0058 0.0459 0.0418
Cyan 0.0105 0.0182 0.0174 0.0073 0.0150 0.0149
Magenta 0.0092 0.0226 0.0456 0.0091 0.0197 0.0321
Yellow 0.0101 0.0160 0.0184 0.0082 0.0128 0.0137
White 0.0117 0.0074 0.0273 0.0113 0.0073 0.0240
Average 0.0105 0.0192 0.0300 0.0084 0.0159 ,0.0241
H 4. Zglol dist MEo| olF 2%} BE AR d& A5 20% A% ANEE B F

Color difference, AE,,
Huminant |~ Single | Adaptive | improvement
M, M, ratio(%)
A 0.0320 0.0181 40.3
D50 0.0152 0.0152 0
D65 0.0114 0.0057 50
Average -| 0.0195 0.0133 30.1
E 5. 3T MEo] oist 3z ol 2
Num. of original estimated error
samples Y{cd/m® ¥(cd/m®) ratio(%)
1 197.2 1870 5.19%
2 349.0 334.0 4.29%
3 622.2 655.4 5.33%
4 2766 288.6 4.33%
5 1504 136.7 9.13%
6 2206 . 2054 6.89%
7 12.7 13.8 8.90%
8 23.0 22.7 1.26%
9 61.1 58.8 3.76%
10 1045 98.0 6.20%6
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B =&dAE CMOS olrA] AIME o] 88 93
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