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The quantification of photon counts using the concept of candela

Hyeon Sik Kim*, Eun Seo Choi**, Byeong-il Lee*"

Abstract

We developed quantification method based on the concept of candela in physics. The measurement of fluorescence
signal from a nude mouse in the research of molecular biology. In the measurement of the optical signal with CCD, the
quantification method for photon counts based on bio-luminescence imaging technique can provide comparative reference
data. In this paper, we described theoretical derivation of our proposed concept. We hope this method could be a useful
standard reference for quantitative date analysis in optical imaging.

Key words : 374}, Flux, Candela, CCD, 3215

x
rh

A CCD(coupled charged
MT(photo multiplier tube)E
ol g-3h W, :Lm L7 olgshe Wy Sol
slck, Bel2el o) e 23] Slaiie 297)
7} FE ol o) §H: Yov], PMTE v A%
& SAsked 2 2853 ok 28y CCDE o]
&= A #A *1E«1 g5 ol ARE-E AL T
AAZ o2 ol AR-E AL e F5E7d7171914 o
- CCDE ®ol Agsta et o7l Alg-o] A
gatn GFE Fdstet {8817 wEelt) 2
o] AFEolA A7H HEEHe 54 S E
AT 2N A7) $J8iA CCDhDE Zo] A3t
[1.2] CCD Fol A= mAlAls.9] S 64 WIZE
gIA17171 98l B7H CCDE ARS-3le] B} Ak
AN S E SA sk o-&FH AL k. ol# g YA

dojA FAow FHAY A Zstshe AAdA
?_1 BN gl 3Ase] AEH B4E fEke

=

[

b
M1 X2 of

)
Lo L oo

At sta Y 39 g7H(Dept. of Nuclear Medicine, Chonnam National
University Hospital)

#* 2285 2] 87H(Dept. of Physics, Chosun University)
Corresponding author: dewpapa@hanmail net

(Received : April 25, 2008, Revised : May 28, 2008

Accepted : June 18, 2008)

B8] YL o) st obd slvle] BAE s
o]g]sk FAl Aol v

st stel A & glofof sk ke
wo] 7Into] ® 7]Eo] & Wk dlo]E 7t F esiet.

ek A o1& gk A A ol FA s %EE 223y
G838 il o] AAE R o} Tt 76/\47@?_] B o)

A 2R 747} ool oleie BARE F4a)
T BT A FNEE E scalable?} s &
< A B =EAE CCDE o] &3t 53
o Fure] YU WS AN A e,
o] 2 9Ja] &7l /N2 flux$} candelaS WA H]

= 0] E 7ukoe F AlA| Pk
_E #-g-o] 7hsd A1

2712 749 o[

2.1 CCDE S8 Xt A I

CCDE A H‘Oﬂbﬂﬂ% {71@ A5 2 vHte 3
tho]le = wEYAE 77 AES 7o R sl 3
e S5 gRZolthy 1). 71842 CCD 53k
e BeA oquX] £HE ol&-ste] A 4 gith
HEAE 2 dquA E29E 7 AEddA s
7HASL QAL 2L 3o FRAAE A

|o|-
RN
an
]
(18]

potential well2-

THHE 2).



Window

Photocathode

Back-Thinned
CcCD

1% 1. the structure of a CCD camera

/]
>
g band gap
o
w W
N
Momentum /

Tl 2. oA 8] potential well

electrons
L]

o—p

cevacuated quartz tube

1l (4]

38 3. 3¥aFe] d3d4 u=

2912 window+= @ =0] 3, back-thinned CCD=
A=E FaA 502 FAte targetﬂl &gl HE
o2 FAAE AN T = FEolth 1H2e YA
AR £=9E 7hs] 238 A S = band gap> =X
w2 AR EAT < gle T8l "ok Axdgle of
=2 EZ9 HEo] potential wello] E T},

ZAARAG =R A 19 A 15, 2008

CERREER RS D

Phase 3
Photons - g 0V

4

Phase 2
Phase 1
ov +
4

v Polésllicon
ate
Electrode

Potential = ™2l E]
Barrier gren

Photogenerated

Silicon
Dioxide

C:hainnel
Stop

pe Silicon

P ubstrate

Electrons

37 4. zF A9 potential well

CCD 7Hil2te] Fard e e ollfErle] FH a7t
o o] AT LA WEek Fajo] oF )

o] 9 = A HAR} ko H]eq]s}oq AR} o]
Al A FAR7E ASE 2ol whe} 7hEro] o] Fof
A3 QAL 7 FATF CCDE) 7 A e
potential welle] #7go] ©t}h AA4d Aslego] &3
02 AT E 25 gke] He Aolth[3]

184904 polysilicon gate electrode= 42| target

o], potential wellS A & 3fol| oJalA] WAA3 24
A7 A== Solth

2.2 Flux2} Candela?] 744

Flux= =8| 8HlA oW 839 S 5ol A5
= NEL 2 Gauss ”47101]*1 —.—E AL-E 2 9ok A

] A9 fluxe d= dintE-dd = 1/soj pdV =0,/e,°]

3, A7 A 9] fluxes &= dintB-da - 0 ©]t}. Can-

dela = 2] AI71E FTR3h=t ARSI e 7d ol
™, flux¢} o e v 7“:}

2 A, luminous flux (34 Fye FY o2 RE
L= FEFE gvlsi ‘;}%’4“ Lumen (1 myg A3t
5 WA, Candela(cd)= 3L 25 1 steradian (sr)
O 2 WAL F&E ou]gitt, 28 BE led=4n 1m©]
3, 1 1m=1/4m)edo]Tth. & 714 steradian(sr)> 4 A
ZH2E 5(a)yg Wk WEE 9l o] EH Aol 4Y
o 472 Vel ZhEelth M o] FHE o2
2 79 YAZ}, steradiane ©|c}.

AAZ 2 fluxet candelad] HAS @9 24t 54
IR e s e

Im=cd * sr
cd = Im/sr

fluxe] E2J2<Q1 or= e s s SN &



Candela 79 9] S5} B B8 A7 3

Photodiode

(a)

V(4) Filter Aperture area A Light Souros
S(A)
IV o =y 9
»!
d ol
(b)

%3 5. steradian?} steradiane 4-8gF CCD 72}, (a) 1 steradianS T3S T (b) B2 HE W& IR A7)

7he ofd =2l IR E H SRR Im =Plem’/sec]
O ¥ 22 candelas Tharh 2] o] Hoid 4= ST

cd = P/em?/sec/sr

Photon flux= A7, @A AT 5221 3}
o thell a3 7 gl L, candelars THAIZHE, 9
WA, 18] 3 39 steradians WESHE FAQ] 5

gest & w) A3 vldolzt @ 4 Slrh[4]

2.3 25 & M50 thet candela HlAHeHY

CCD camera®] =ZA]7FS 232 31 o, photon
fluxe=F=P,4t ©] Et}. HFdolx cCD7HA A7} d
e wolA] Qi W=e] WA o] 491 3LollA] photong:
wolSo)A] HA steradianS A/dP7) HEE Wl A7
=1,=P,d/4%°] Ao}, Wb candelaE AlAtsE WY
L fluxZ steradian® 2 WA ko] Hed), fluxell &/
Ag F3lE A 2 nE Zh=th[5)

CCD 7Hlehs Fd o 2K dAsh Agle] HojA
RO B fluxFFO R = CCD7F WolE]l 38 A%

six 7] 700l EEsle] lde] B3] wliel, Yo
718 JERE candela® CCD7} WolEo)s #Es
AEFsir7)= Aol Bop AA st} CCDot Fde A
27t o A gl 7+ Fo] S EATH, fluxEA
= ol U3t RE & 4 AT candelaZ 737
r& F) Azete] A, A=) A Uisk R
& 4L F e o] Adrh[6,7]
=39 A3 275 d7) s g A
W7}8 CCDE ©] &3l -120°CE Y7
FIAIZL & Aol He] A7|7} o2
off IallA F 71X FF/ ARE =FA
te BFE SR80 S Ak
, 5,10, 20, 30, 602 & =EAZHoH, F 719
7 7] A=E vpre] 7h S8t 53
candela® 31T},

Kl
i

o
&

lo oY 8
k1
i

)
ro,

it
1,
[0

# o X pH

e

il o

fr wa

3.4

i)

23

zbzte] gkl thall fluxet candela -2 AlAMSITHA,

v A7 F/#=1.0 Fi=12
FYA 2B A 44B
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2 sec 4.69E+05 4.64E+05 4.73E+05 4.65E+05
3 sec 4.74E+05 4.68E+05 4.83E+05 4.73E+05
5 sec 4.91E+05 4.77E+05 5.06E+05 4.87E+05
10 sec 5.28E+05 5.05E+05 5.59E+05 5.21E+05
20 sec 6.08E+05 5.55E+05 6.66E+05 5.92E+05
30 sec 6.86E+05 6.07E+05 7.72E+05 6.62E+05
60 sec 9.19E+05 7.61E+05 1.09E+06 8.75E+05
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