Journal of The Korea Society of Computer and Information www.ksci.re.kr
Vol. 18, No. 6, June 2013 http://dx.doi.org/10.9708/jksci.2013.18.6.001

M7lo] 48 PCR &S 3t Ho| 47 ¥ 78

ojgdr HFU™

Design and Implementation of Firmware for Low-cost
Small PCR Devices

Wan Yeon Lee*, Jong Dae Kim™**

Q<

& =AM A7l 23 PCR 8o 433 delol e st F-daisict. Alkd Helole 4= a7
S Fastelr] e £RAAS B A @ shEso] JBEHERRS o]8ate] AR AYES FAl Alo]
gt} =8 Ak Belole usb BAIS o]43lo] PCEYE 52 2 S gilo} nfo]a2FEF o AZE ¥
st FEAIE POR HEste] AMgAelA ke 77 %Ei -SR] g2 AFet=s A
e, xﬂou 991 microchipAte] PIC18F4550 3ol AA= gajsio] A7}e] *?-3 PCR A& A&l
CR A7} 71% 738 PCR A& A% vl43} #3998 tF Zo|HA e FARE DNA 5% 23S

=
2
L4
rot
o)

» Keywords : PCR &%|, Hlo|, FHFEZLAHR] =, PIC18F4550 &
Abstract

In this paper, we design and implement a firmware for low-cost small PCR devices. To minimize
machine code size, the proposed firmware controls real-time tasks simultaneously only with
support of the hardware interrupt, but without support of the operating system program. The
proposed firmware has the host-local structure in which the firmware receives operation commands
from PC and sends operation results to PC through usb communication. We implement a low-cost
small PCR device with the proposed firmware loaded on microchip PIC18F4550 chip, and verify
that the implemented PCR device significantly reduces cost and volume size of existing commercial

PCR devices with a similar performance.

» Keywords : PCR device, firmware, host-local structure, PIC18F4550 chip

ATAAL © o]k emA A2} ¢ F

Fud 1 2013. 1. 12, AAKY 2013, 4. 24, AAEEL : 2013. 5. 21.

Zphetw HFHE S (Dept. of Computer Science, Dongduk Women's University)

gtw FHFAE 27 FHE 2 (Dept. of Ubiquitous Computing, Hallym University)

o] =F2 20119% AR (uSHer)ed) o AYez xdAte] APE wol ¥ 7] 2A 7492 (2011-0009358).

o
S‘n_&



2 Journal of The Korea Society of Computer and Information June 2013

gy B4S %71 ﬂ‘& }olo 1—} FhE
o] AXAR AR : TH1,2).

ZAL v 249 DNA 545 #4317] Y8iA= DNA
% DNA $Z, A9%, A 943 £49] 23S Aok

FTH3). DNA F5€ FAh g 22 AXX DNA i€
AH = o)1, DNA FZL QH e o 2748 3405

A -8-(polymerase chain reaction)& ©|-&3k] 47]
/‘1‘5% EA ]OF— Fgoltt. 7719 % (electrophoresis) <
el dakstda 54 midE Baske
Felagel(4]), A 9% #4
851] DNA ©Ee
z22159] olF A HH| =
o 74/\}‘111 £l § é% EAehs Agolth5,6). £
M= DNA 5F HHol| AMs= PCR(polymerase
chain reaction) & A& lﬁ.ﬁi A3 A7|2 A28t
7] A A2l P29} o] FRof] AR F 1]01 D}“r‘jr
7180 AHEE 3 glE A8 PCR X152 DNA % 7]
W ofl2} DNA 53 Alol digh 454 715 1"4@.
E]#|o]~(graphic 1nterface) 715S 2ol AFdhe =
]_;q }11;} E xﬂ:r_ F_ TZ= )\h;Hx% [e)
< ) 75 }—3: Xﬂ‘J—S T2} vlmale], x| A}
o] S7ketaL Hgk A9 FIE ARAA Hol Friiel
AA At W2bA PCR A=]9] A28 8-S S5wA] £
Zo]7] Yall-e, 4 PCR AA7} Algste 71%2] /i
#aghslolof 3hal BEgk ZO|E 7] Aol HA s} of
H]%i & £°]=5 PCR AXE AldAsIAoL 3
=EME DNA $F 7158 AAA o= Algstn
a OMQ 71552 71E olv] de] wiEso] F7k2 Tl
34| Yol HE PC B =ER| o|ddle FHFH-74
2] (host-local) TZ(7,8)¢l A33t vlo]AREZEEH &
BAAE Attt Akd Felole v 2 54 F
e =8 A=A
= ush B21E o] 83l PC B LEL AZE F2d
FHAzl=]o] A B2} Al BAGT

rlo

o] A3

of

o

s
=
A

=]
A

ro 01r
bo
o
r.?L' oN ::

\1_1_;

JR=OR T
o iy

=3
29,

il mlm

M
o

M

41;

- sle] AgEE ) Adselel, BellE BAlehe
Ao BES] Al g3} P32 28,

- Pk AR VR AR B 3 delazaegy 4
o B4 A Al F88E frd

A7ke] &8 PCR AAE $l8] =8t FHFE -8
:,qu]/qu T 95 FIYse PCH =EH0] &
7152 289 Ewo|x VeE gdetn, 1A% o
@rﬁ st A BelolE EAG wlo|ARZEESY =
DNA 3% 7|5& @9dtt. F5FEE B34 DNA 5%
2ol gt 2F 18 3 wold ush B41S Sa) Z4%
2o Agsta, Agd
XJ%‘ < S, =
2% 43 A%E usb 5
g3te], FFE7E 119

El
<

Al AFE 5 A= Ak, FHFH-TLA] T2 UF
12 e A

ol

2 7% 9 aelg QEslo|x /) o] Aast ¥4 4
; o 0T & ks S R

|52 Rujo} Az )4
okl Hellole A WA A B8 R3Eles PC T
SEET ysh AolERE AAL] Al ?

A BAE $Eses A EA

A Bt aA A4S TR A=

2FTANTSl Do A L& Alo] 2], F7 #rEM
o] usb 41 4221 A, a2lm FFE ) ush B4 $41
& Bl Al Fstelof gk, ol2igt 37| AYE] gt
BA B2 Alole rlo|ARFEZ ]| H@AIE Heort Hg
sog 2 =Rdxe el A3z Ar)e) Hislehe
Tl AA Bhel Rgsles Helolg Fashe S

2L

F

etk AlME #Belols +9AA 2AE Y =es A
& 3t=So] ElolH] QIEJHES o]8dle] AYPES 2AE
2 (scheduling)3lx, MR8 x A2 og A4 Aejeles A

)

119}, microC/OS-iivt freeRTOS, PICos18 S3F %
nlo| ARTEEH S HAITE JAAE A8 oI )
AAES B TN AHEY d=elE st
AARE A 2AE el Rolaidit), et AAIRE
AAE AHESIH B AMg-Fo] Frlele] TAKFe] Bt
ARZEEY AL Mdagtoiof star, o]& QA 3o T
-8<] F7leta ek o] e st=so] B34 72
2 Qg AlojHE AlZ g3 i RIS A T
A AT HlEo] Ttk EAIES et webA
Sk Helofeoll s HAIRE FGAA AHS-S wlAlSt L FAI
e ol N AYES F=9o] Elo|v] ABHET
o83l A3 ~AEY s T

o fr 1o ro

04

O:

)
Q.

2
o

2

2}
Al
I



A7kl 28 PCR A& A% Hsle] A 8L 74 3

A A AR 27 Aa MR A-E 9 A
nlo] AT EZY Aolr] B2} ES HF3] St Al
ot Heo}= microchipAte] PIC18F4550 ol AA| 2 &
Aste] DNA 5% 455 AS3Itt. #lgkd FBelols @A
3] 24 AlEE PCR A& &8 3719 98 AuEE A
ofgle] BATHAMNNE 75 FYIEE FAHAT. A
zﬂ A&k PCR A= 7189 44 PCR A9 A= v

= 1/5 °l3tZ &3, B2 F95 o 1/72 F994 Fold
< A FIAZT T3 7129 kel tiE PCR g <)
AR DNA 5F 455 ATES dlsiith

£ =R Unr] 2L oy o] A" 270lA
Aot 7S olelshet] 23t AN A 2o tiaid A
gt} 3exle ARk e AR 2 5 s A
ataL, 478exE ARk 7S Pt dojxl AFE9
5 BRI nRjEto g 5% = AEsi 7]

o
3

i

o, of of l‘[r

kD

>

. PCR &= ==t g

PCR A& 2o w2 DNA| e H3lE o] g3
DNAS FE3th i DNAY FEstualshs 299 <%
Ea] g Q7ML o] g-dle] vHE Zato]w (primer) Al
ok whgo A3 S wEolFE e d5dE WA
3t} ag|al o] DNAC] 4& 7kl 55 94°C
AER ST F 71 Alo|o] Az jto] BR[N] S
W’ DNAZF 9d7ige s wgddr), of oA &5
55°C A& W5 717kl SZ ) DNAY FY¥ Zejo]
w7} Agel fr} ] £E2 72°CE =o|W DNA 34
o] R&P=lo] DNA Fo] F ujZ Z7hdth ol 2o] PCR
A 2% DNAS] M4 (denaturation), Zeto|d 2
SH(annealing), DNA 7Fke] 3H4 (extension)©] 3t Ake]Z
2 RH, BE 20~408] H=o| Ale]E2 wHashd shut

°] DNA we =iy 49 Mz S5% DNA 2ss
et
2. Oo|Z2ZEEY &
o 3 ol A4k 71T The TG A wlo|ARZZA
Moz, &l J el A4t 715ERt ohzg} Wk} (ROM

glJn
N
olf »
jin)
i
)
>
2
=,
olf
o
m
o,
K
)
o
=)
o,
=
Lo

2o 2 gt AFE 7%e AE S ve|AREES
gt FEant nle|ARTES = A 7P/ 8 HAA
F A3 Ad AHgEE AT SHIE AEwF, PDA &

© HeEH|to] FE AHEEE 17359 32H|E AlETL
2 FE9r 8H|E ue|a2FEED JET B IS0
Alget 90 A microchipAke] PIC Al2]29} atmel At
o] AVR Alglz7} 71 ol AHg=|1L givt. 32H|E nje]=
RIZEEY e ZeAY, Y, STrfelaz, TI 5¢
GAIE] ARM F2E AEste] Aikek o] 712 Mo
Eo] de] ARE A Slnh. HZelle Ay ARt A7 7}
7ol AHE 7 ARM 72 7|4ke] 3281 E 1ARF Cortex

Ae)z 3ol 2 W) AR, ARE AFEs A
AT Pole 14Y £RE aTee 14:—91 14 186

EtEgﬁe
Adslga, 53] AdAelA f-ﬂxﬁ 7W @o] 2olx Sle
microchipAte] PIC 2 AMdsle] PCR AAE Tdd=

WS tEth

3 FUFE-BLIA TE
Al 29 POR A Al A e

1~
moa] = a1 13 %% 5L BEES 7}11 : %Zé

€ e 10101]74] At 4
dole A2 25 Hlo| Jr A9 gl 2Ask] 2 7]
hJJr %‘7‘ 71%% =3 P% FH FEGH S 2% Ao

HE ’“EE ﬁﬂw A}ﬁmﬂﬂ Y3l 7S I
A A B2 7IHE SollA usb TS o

Exlo] /“7‘]7(4.& A]-o%xﬂ A2 A8 1 97 :
RS232 AEEA 2 78§41 AL A PCY =ERA
A A hsle QIEIH o] 2~ AlgellA] A ] = 57t Wivata,
WA usb B4 dif-2e] PCU =ESA A9

QlEf o]z AlelTt.



4 Journal of The Korea Society of Computer and Information June 2013

PCR S PCR 54t @S 25 mof
ze g M Al 2
Mg ool 22
2 FEl usb S ZEE¢2
(2 7H) (ZAEA])

- 1 - 1 - 1
PCR S2t =82 = f
20 &4 M =T ME

O 1. FEFESAER] 7
Fig. 1. Host-Local Structure

a8 2% vlelARZEE ] ddE o] DNA SF 44

& A% 2 WolE YR 1& Hudo] s T
=

Fote 0 2] AW (chamber) Al €& w53}
A Mgkebr] g dFnlE, Y o8, 181 & S
Ak AME Wgst vt Q78 2] e SEG
DNA THEY ZAFHAATEE 98 AISES Aget
© e, vtz dae] deo](peltier) & FallA &%
% AF 35 W

T Kl
ok
o
o
™
Og:,‘(’
N
k)
)
o
9
rr

WY 9§45 7]

sink)# #(fan) BEefe] & F5 7|50] AIH o= of
= .

= 9 s
AIKE A7lel &3 PCR AR} EqsHe ¥4 A5
Q7 sk D 52 Bl e AYE B wre] A

& AT(9)9AM BFA.

Sensor Heater
plastic
Aluminum
e,
Sensor
Chamber
[ Peltier J-_
Heat sink
FAN

g 2. 24 si=o] Mo T
Fig. 2. Configuration of Hardware Components

Il. PCR &x|E& ¢igt gello] A

Aekd Heole g E vina g £35S /e SHE ®
o|ARFTEFH | AYolF W R AH-FS i)
AAlESIT, ARk o2 ofe] 7je] AQES BAll Hst
A A ¢85 Alzlel] digt uRAzH(deadline) @] EA)
AARE FGAA vie] 2AER 9] i Wolr] AYE
A3 A 9F A4 (preemption) A1HS A4ed. ae
AIZE GAA A 7E F7) Wl 2] AR 878l uiE
B =RdlA s AAIE F9AA B glo] Bllo] ol

A AR AES] A SAs A ARE 2asES A

o

bt

LR

o, o

o 2

(oA

=2,

2= ISR

OIALA] =4 21

HAIXIUE =4

Aty

HIALA] =2

T2 3. = QlEmo|A X Helo S5 58T
Fig. 3. Operation Flows of 10 Interface and Firmware

a% 3¢ FAFENN BAsE 459 deslels X2
a9 9 FaAR Bk Belols] B4 BEES 1]
F3 gk BAS AR AEE A 98¢ o PO
oAl BB &Y dAEslolse) 4 5Ew0|R, $EL
F4A) G8E S Belole] B4 sEwolc,

a8 3 H%<) 929 deislol 2t U Ao A

o] k. a9 3ellA] HoFRo] ARSAZFE DNA S5 2
ol 2 = g ol wAA 2 Heketa, ek
ARAE Aot A AEsict. aela Helole] A 43
HE vAA 2 deiobr] ARgAlellA] EH3ith. F757E 9
U2 o]0 A e] Heo] Iell= 0.1% 114
oz mAlA] $AF S-S TEATE SAIE mAA] s
A S vIAIR]e] W 8-S B3 vl AgE F4 A



A7el 2% PCR A2 9% 9olo] A 2 78 5

79 &5 ZAs ok 517 WHT"“ FAFEHS Z2GA] AL
S AA3Z A A JFol wisk F71 R
T@%Eigr TR Aele]
541 F717F AVAA Z:l“‘i /‘]*9“7‘}"1]74] PCR 7=]¢] A3 2
F717F e A AR

%S =7)A drt Alkd T ZOﬂ/\ = ?ﬁvﬂg‘r =%

A WA s B 7718 012 7;?_783}214.

FagRIA B Belole B4 FaEE el

AJER o gt 379 AYELS I 39 $30A
HolFE5Ro] 229 78] ISR(Interrupt Service Routine)

9], 23 kgl ISR Asdelth. 491 ISR A3 a9l
ISR 24 54 oMIlEZL WS winie} & Wy e
3, #4e 54 o[WE Sz Augle] TRREE B

A A%A o AgEnt. Bl T2 ALE
o] 8514 @i B4 oMES} M2 A&A oz S|t
& HHE7] (busy-waiting) W]o® Fas, 54 o]
=7 WSt ARk o deblE A4l 34 Qs

E

1m lkl

L oo 2

=)

I

J

o

WA —7;‘—“’}% = TA-Ho] ot [ﬂrﬂ-/ﬂ st=4l
o] QUEIEIE WS ol gale] £ SHEHE 2D A

AH A 37H4 AsjEel &
AEA7 391 ISR &4,
2 AgHr}

28] ISR 2] ush EAIS 3|4 mAA7) AgEe
o[lE7} WA uf, e wAAE vzl Ageta A
A =% ZYa(flag) & Fow Adstn Tadtlh o)
ISR 2412 Boln] JIHYPES o]8-3to] 0.2m=(200p2)

Al +4E AN 48 5
a9l ISR 44, W12 44 240

ARko] AT W) s}, ) st 23 Lwsle] Aol U g
skl £ A%, £ el URE Xk A0 4
gt st9l ISR AelE DNA 20 4289E A4

T2 AR AUl BEA7)7] HOHH , BE 2role] 2jo
7h 39 2k Wo| AxE "J%*]?LTL B3 2reo] zpol7f
= PWM(Pulse-width
Modulation) 71%< 2851t -Zrl}‘ﬂoﬂl\i% FAFE
Y& QlEFol~ Zaa#d) ush 54 A2 VdeEn

AR Fok FrE WA ”H ISR 24

&Ale] of "wA]
A =2 ZRTE OI%’F’% IAA] 2 52 Rl <
A wAIAIZE QLo wIAA] 85 Bhelste] S5 vIAAIE
HkEatar, 2218 Eﬂ A7F glom aAadadaukeel Azt
77kl thgohe 2k o Xﬂ‘ﬂ AEE I, TR
o FAR] T2 kR ST FAFE A9 ke S
7191 0,128} Z 0.055 Agaisitt. FadgAe] 4

FE WY 318 FUFE FAY L0 1% 5
Qs 0122 Agel, FAREsE gL U8 2
2 Mg @] WEl, 0129 A7l B4 §718 9
#) ggol 7o) A AL B4 5 Qe BARe] B
G} webd FagAle] I e 215 FEFEe)
HHE 3

2 BRE YA ol ANz A, A ol
£ AT JE Mo AATUIALE Aat &

o] A= o]%€] usb FAl ﬂ@—% R tﬂi} RS F
AFE A Ted] Agstet] AHEHER ush B4 Ao
T FFE A 2% W3} dA) 48 F I 28R
S Bolz] FaAA| A DNA TEE A3t 25 Holg &
Aoz APz}

r&i &2

ey |
T
I
_ 1
=T N— YL
T\\ A4 Phe
S S —~ ‘:’
N E=

J% 4. Eellof A Fol=
Fig. 4. State Transition of Firmware

N
o
I

& 5432 909 g6l Aol 23 9
o @ 4 BV} AZE DNA 3 715 420
% & ﬁonoa 7 s
8

w% e, 42 e P d e

QL

3
:tz
_>.i
i
HI
i
_\
e
ﬂmﬂ

o

K

’G

oY
N 2
| 2 o
>
fol
i

e 71%—;—
P R P e

‘ = %zsom. 2] geyal 2]
= Aolale e 71zd A

O:



6 Journal of The Korea Society of Computer and Information June 2013

T Wo| Y FRE agE AMgske ASE ved
T FR BHE SEsA] e A o AR
e ZAAR 7} L& Wo] TH 7k AR E
5 vehd D} ‘27) el M usb B4 HAo] v
3NA A FE FEH R FolEr)
= %Zi%EM & dopAnl ‘] A

L

S 8
- r

¢

£ N 1o EL_\l ¥
‘Erﬂ ) ZR b
o
Ru)
RO
rot
=
ol-)

o
B
k)

Y ox e
0>~
=
o
>
-

—\N fu
:1t1

B9} %A Fae AAE 32 HoEe)
g FAL /T FFE) 92 QEslol~
A3} Fa4A)9] Bslol7} AEaRe FHE 8 Hlols
olgtolx, LpelA] 24 vl EE TiW7)e] Bl ARE gu
Sith, FAFENA QLE DNA ZE 29 B2 Ju of
2 o] HAAZ oA Hslolo] AekEi,

i)
)
o,
OHT

;

n. ds =7t

FAFEH 9L FYPsle PC(EE =EH) 9 Teg ol
Huolae Windows 7 +9AA 7ellA Microsoft
Foundation Class(MFC)$} ‘Visual Studio 20085 ©]-&
slo] sl a8 he 7Y agy e~ 5’-9(
25S HolFm ort a3 Ade] L% FAE ush B4
| 83lo] Helloj=2 e Med PCR A9 2% ®io] }E}EH
Zgsta, O3 F9 A9 55 YrEv AMRARRE
2E DNA S5 A% 2% Holo} 2 WA & 4]
17t 2% Wo] WHE Zl=2 HojFq Qi) ¥ shdke 3
flofollAl Aad W, 74 8 Z=E JEshs HES

% E'—O% TJ— /\l‘jr

[e]

!

il

jinc

>~

By 2
GEERNE| b | Protocorerend  [1:13:30 0 0 ©] A )
PreHeating
— Lmi—EATBl PAMBER PreHeatina 2rud
™ 4727T 419°T 104
[ Mo Temp. time
1 50 Tm
2 95 15m
3 9% s
4 55 s
5 72 s
GoTo L3 "
ol B2
6 72 3m Y 8BS
e
7 4 . Hz=
| F)
PCR A=HE | | FoR @A
— ——
> (o] (e
—
=2E2 x
247 HE
=23% 28

O% 5. FETFES Jei= QlEHo|lA =20
Fig. 5. Graphic Interface Program in Host Computer

ik HeolE microchipAte] PIC18F4550 ol A&
a5tk MPLAB-C18-LiteZ ©]g3l] #xd s, 3
dlofe] gz AFL 93 4] W=z AR <
1Kbyteol dlole] AZE g & W=e) AMgEe <
7,000 HlelEClth ¥ 6L ATE HYs HA
PIC18F4550 & 78417171 13l A% PCB Alo] B=
2 HoZF3 gt a3 69 Aol HEE microchipAtY
PICDEM FS USB "= HE2 #zsld A=At 139
62 Ao} He Yo PIC18F4550 o] i, sltto] kg
A A Add Fag A3z ZdrMzE glch a2y 9360
nfe| AR FZEFE J T2 2713 4 A Zagh 293
7F S, 9% dele U7 9 AZ8] A% ush B4
Skl %zm o, 9% o= wlo]ARTEE o &
w719 g7 71%s AFshs 1CSP sl itk
PCB Ao} BE9] Slde a3 w HoZE 2% ¥o]

716 Fshe FUFAER] A2 WAt wix| = o] gl
a" 69 Al HEE Al FsheH *051“ A v)-g-2 2%t
< mgkot},

el

Boptloader S/W

¥ MICLR (Reset) S/W

2 6. MEE Mo E=
Fig. 6. Prototype Control Board

a3 69 Alo] HEE a8 29| 9 F&7gHE A6t
o] PCR A Z2EEY AFS At 29 79 ¢

o Holg A7} & =wolA Al Feloleh FHFE-
2R F2E A83lo] 2| AZ PCR AXola, 13
9] QEZd| Holz |7t 718 AEoR HiE 1 =
LongGeneAte] MyGene PCR X AlFe|t}l. LongGene
At MyGene PCR A= 4822 sz Sle PCR
FAE FoIA A7telA 2go2 dejxl Aot T &
259 Z7|1E vlaskd, A AlZE PCR 4A]9] #3= %
11.5cm x Z°] 13.6¢cm x ¥=°] 19cm = 2,971.6 o]aL 7]
& 28 PCR AFY #3= F 24em x 2ol 3.15em x ¥

Fr\i-"ﬂll’ﬁ



A7k &% PCR ZAE A Hello) dA 2 78 7

o]
=

27.5 = 20,790 olv}. wbA A A% PCR A&
& 44 PCR AA|9] ¥3)5 oF 1/7; oA Fid S o
FINHT. F A ] A= v vlwetd, A A=
FPCR 429 &0 ¥-8-& oF 207hdo| a1 7] & PCR
Zo| ) drhe oF 5008 eI}, 71E 444 PCR Al&<]
A e AR e a1d £ giola, dukH o A
2 77t wul ©@7ke] 20% oo vlES A|ehe A& 1
2ol A Shs i 1009 238 Aom didd
o} Eg 2A A2 PCR AXE tigko& At D}‘?i 5
Tl v A 4 qdvk mhebx] A AR PCR
A= 71E9] 748 PCR Ax|¢] A v]-g2] 1/5 ©] o}i WS
7Feds & & Atk 8 TellME BolA] FARE A A%
3 PCR AXe FHFEIY usb 54 Aol &2 4= o
® 59 1 QIEge]~ 2RI Agdhe THFEH-=
23A] F22 TG ush B4 Alo] BE oA 78
| golsta, F71E e7EE 54 Aule] Falo} A2 ulg
| ml-%- mlulEte] FAE SFoltt,

N,

(o iy

éé

o

o

e}

e

MyGene™ Series Peltier Thermal Cycler

Madel MG+

Tzl 7. fu d(w
Fig. 7. Volume Comparison

1

o

8
39| 4

hn

A AL 474 A28 PCR A9 DNA %
d% 4 47 HolF adelh a7 89
Zo] A}S.ﬁ].ﬂ 17].9,] \;Hﬁi PCR x};‘q _0,] 5&
oz, I 89 FU Fio] A Azl 43
CR X19] $F 14 Azjelt}. adeA &8 4= 9%o]
A2 PCR 4219} 71%—91 44 PCR AX & A9 543
Y AnE A5 89] o2& nuo Aatw PCR
A % aw DNA {% T3IA e BAE el
ME DNA FZ F4Hgo] A3 gle-2 2ls) 1
Folch, a7 89 AR Uigt A5 HF 3 3 2
AR Az} B4 A B =7 A3 AF(9)el Feld
& otk

2
z
.

o
N

e
e

ae
=y
oX

PCR System product

existing equipment negative

positive
J7 8. PCR T &4 Z1}
Fig. 8. Analysis Result of PCR Amplification

A PCR A9 & 54 AUEE 2ARIGH, 2%
5% ool AL $15te USSENSOR AR 0.1% A
% ‘Standard Precision Interchangeable Thermistor &
Aeleisint. AZE PCR 4Ae Hdl 0.4% olske] ake}
it & 0.2%9] 28 Bl a8a FEFEH-gATA

T2 B A AR STk ush QIEF0]AE o
& FHEFES T2 e 4 SAHY AD AR
oF 2mZ7} 28T usb B4l AA Al A2
o ol g Aehe FAFE o] Akslo] AlgAllA S
& W7k 9] A3} ARt JEs FA, Ao AgA)
£ 0.5% o]gte] Ad ARt Wshe A8k Eatmz 0.002
2 AA AR 7 FAE F giek I AelA] Aeii=
o] TG Pellole FAUFE RTE E]i=o] PCR 5%
L= AoE AR ush 5419 AA AREe) FEE A

W gt

K2

& w=idXe A7k &% PCR Aol A3t vlo]az
ZEZHE FolE At FAsINT AgkE Belole
AYR= A5 HAas] el SGAA] BR-E WA
% st=go] JJEHERS o] 83lo] ARt AYES Al

Aojata, 3 ush %fﬂg o]83lod PClZl DNA %
EM]OI* 71%5E oA ol~— 2

microchipAte] PIC18F4550 ol &Alsle] ZV]‘—J s
PCR A& AH| A2l 1*«1 38 PCR A9} 1|
wate] A vgF A71g iE 2L F Ja T3 AR
DNA 5% A5 A3ds ;?lo}‘ﬁ

é‘rgrﬂ YA T2
o1y £ RT3 dATdae 7 B4
719ke] FAFE-FA7gA] P2 A3 Bl & v dY

rl
4
I
o =
N,
I
1“



8 Journal of The Korea Society of Computer and Information June 2013

!
2t

i)

(1) Y. Han, A Study on Monitoring of Bio-Signal

1

for u-Health System,” Journal of the Korea
Society of Computer and Information, vol. 16,
no. 3, pp. 9-15, 2011. (in Korean)

(2) J. Ku, C. Han and Y. Yoon, A Study on the
Detection of Similarity GPCRs by using Protein
Secondary Structure,”” Journal of the Korea
Society of Computer and Information, vol. 14,
no. 1, pp. 73-80, 2009. (in Korean)

(3] T. A. Brown, Gene Cloning and DNA Analysis:
An Introduction, 6th Ed., Wiley-Blackwell, West
Sussex, 2010.

(4) B. Hames and D. Rickwood, Gel Electrophoresis
of Proteins: a Practical Approach, 3rd Ed.,
Oxford University Press., New York, 1998.

(5) T. Goldmann, A. Zyzik, S. Loeschke, W. Lindsay,
and E. Vollmer, “Cost-effective Gel Documentation
Using a Web-cam,” Journal of Biochemical and
Biophysical Methods, vol. 50, no. 1, pp. 91-95,
2001.

(6] W. Y. Lee and E. Lee, “Automatic Analysis
Scheme for Multiple Images of Ongoing
Electrophoresis Gel,” Journal of KIISE: Software
and Applications, vol. 39, no. 8, pp. 672-677,
2012. (in Korean)

(7) C. Plaisant, A. Rose, B. Shneiderman and A. J.
Vanniamparampil, ‘Low Effort, High Payoff User
Interface Reengineering’ IEEE Software, vol. 14,
no. 4, pp. 66-71, 1997.

(8) J. D. Kim, Y. U. Lee and S. Kim, “Efficient
Hardware-Software Partitioning for a Digital
Dental X-Ray System’ IEICE  Trans.
Fundamentals, vol. E86-A, no. 4, pp. 859-865,
April 2003.

(9) C. Y. Park, J. D. Kim, Y. S. Kim, H. J. Song, J.
M. Kim and J. Kim, “Cost Reduction of PCR
Thermal Cycler,” International Journal of
Multimedia and Ubiquitous Engineering, vol. 7,
no. 2, pp. 389-394, April 2012.

o XA N

o] & ¢4

2000: POSTECH &ghuir}

2000-2003: LGAAF Ada+4

2003-2011: =uigtw
FHIFE AT e

A A S e Fa

Wk Wad 7578,
AlZRIAEES]l0], vl Q 1T,
el St e

Frmail: wanlee@dongduk.ac.kr

¢

4=
1990: A= B}
1988-2000: 4M372 417
A Bt
AR~ 2
HlEok: A5 % e,
HEjrIEe] 541,
Hlol . 2], Hlole. 1T
E-mail: kimjd@hallym.ac.kr



