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Abstract

For the last half a century, the personal computer and software industries have been prosperous due fo the incessant
evolution of computer systems. In the 2lst century, the embedded system market has greatly increased as the market
shifted to the mobile gadget field While a lot of multimedia gadgets such as mobile phone, navigation system, PMP, etc.
are pouring into the market, most industrial control systems still rely on 8-bit micro-controllers and simple application
software techniques. Unfortunately, the technological barrier which requires additional investment and higher quality
manpower to overcome, and the business risks which come from the uncertainty of the market growth and the
competitiveness of the resulting products have prevented the companies in the industry from taking advantage of such
fancy technologies. However, high performance, low—power and low—cost hardware and software platforms will enable their
high-technology products to be developed and recognized by potential clients in the future. This paper presents such a
platform for industrial embedded systems. The platform was designed based on Telechips TCC8300 multimedia processor
which embedded a variety of parallel hardware for the implementation of multimedia functions. And open-source Embedded
Linux, TinyX and GTK+ are used for implementation of GUI to minimize technology costs. In order to estimate the
expected performance and power consumption, the performance improvement and the power consumption due to each of
enabled hardware sub-systems including YUVZRGB frame converter are measured. An analytic model was devised to
check the feasibility of a new application and trade off its performance and power consumption. The validity of the model
has been confirmed by implementing a real target system. The cost can be further mitigated by using the hardware parts
which are being used for mass production products mostly in the cell-phone market.

Keywords : Network Embedded System, Platform Design, Parallel Hardware, Open Source, Characterization

TERAY T AY-aA-z), Ad s AFet

(Department of Electronic Engineering, University of Incheon)
# 2 =82 dddea 20009 % AAAFY APl st Ad7d AY.
Aadak 201095469, +AHSE A 201088€31¢

(518)



20104 9F MAtZ<ts =2X H 472 CIH A5 2 51

I.A E
1. ==9 =4
et = A28l o] Al 54T JTES F s
F317) Askel AFE sh=golet AnEY ol Aty camert
a7)Ee] AAA ] AxgoR THAAE, & ey Alx
9, TAME, 3F8, ESZ 7)), A5, 1%, A, 9 TFT-LCDY
2 % oy FoklA 851 Qrh el gur)=
AzEE HEYA 9 HEH Y 7% X937 4
3 2459 rlse AFshHA 4 E3 ZW‘f",i}, ¥ii
AT RTE AR S olHE 8TE AN E L oo oo
oY a4g Hagetn 42 7 ] 4 *3%9‘ #d Fig. 1. Architecture of Low Performance CPU.
stafefof gt} 53], 7]E9] SHIE 2 16U E ulolz
2 AEE7} HaAE Az ”lﬁﬁ 7140 w4t %e TPk FAAXES Ao daME ME
Al A o] o] f Wi Ful A3 vEd A o] 1A% ZZAME gAFol shed WA ARAY
B 7bd ZobllA & AgE oSy duds EA o gdstA "k 2ga A A% FF &
Alzzgo] Abg]& Ao ool A Eato] ojFoixx] F 7} ol wet AEe] A} Frkstn AFdrbe
3t Qv 2 dAtE 328]E ARM Z2AAME 7|Hke Asagle] Ho B o EFoR QA AA 2 o
= dErige] 2 HEH 7)5S §AF dHd= A W7 Hgo] SR BADFAL TR AlFelA
2 FHFE st o o, Folgo] "Hl A RS232 EAlel 7b4 Wol AMSHM 1 o] RS4RS,
A48 A4S grsln 7)FE A A% TZAA 7]k RF(447MHz)¢} ZigBee®7} 9tk 28 12 AX% CPU
AEZHE dAT F AEE AHE 835 U5AY o] Bz 25 Uehyz Ik 49 FRE W
T UEE gtk FolHviy SYEY RAZ A 7 /O AEEZD S CPUY =4 glo] MRy E Fd 9u
F 7l AL B o2 wyle] AR A% A % £ 9)= DMA(Direct Memory Access)?t §17] #&
APFES 29 F UEE 9y of 7iwlgtel TFT-LCD9} 22 ~Eg™ dojEe| o
3 AelE CPUVE E5 Reslodol gial olES H
2. 71Z2 WEA AMCIE AAH HED s B9 AN WA BE A Azeq
A= Azge Fo Asrv iAol d Ala oo} Ao FFgE viAA At
g3 22 2ETE sta Qv mukd HobE A9t A2TEO) B9 dd SEATEY R FAHHT
A8 Aokl E 53|, o) g A okl th Sogo] Aoj} AER Qe Fo) 29 AATL FREA|
FahA zolz gtk 2 AFToRE 75/, 2 vk web 2Z2ad T2 AA A Rae &3
Aol Ax? & dEqa Axg oley Fa Re gaos Q85)y) g A Rar) 2 e
7+e] 9A34A Al~= PAN(Personal Area Network) ZEAN A2"e A3 As AE e 4 itk
oA mAA, A7 FE AR AxdAo] A2 o2 wixsy] 98K JHYES o)4arE st 9
EAZY) 49 AaY Fol ok BY Fol= oln] & EHEE APl ens=rt Bdstn 25T b
A Aol A JujE 1 Qi Folr U] #olgx vl o] P& FAR F= FrdolE Aofstrlde
ol 4&std dgelr}, A7 Qo 3 FZ(Super Loop) 739 9 84
Zegojdl M Avtet B QA BE FFEe] &
3. 7|E MYUE YHICIE AAH Hl%iol = AHor 3 ol wehA JHPEY TEHI)E
o] AlfoRE T2 MY AS UF-E SHE g} ole e tRE AHHgo]l AL d4EY FF B
ZBAAME At 9)7] wlEel P&@ e w|Tio] E s waA g $ glou Aelrgke] ol
71%5E A AEE 4 g e dEnre] v AAY o] 7 Wol ™ 7} 71w $HERE 9

(519)



52

28 4 AU A%l A4 Astd 4 Yok

REES A4 AojA2ddE $AAAE AHE3)
A e gd S8 2ZEOE ALLs A2HS A
ojate $ARA7t ALeE HSel= WinCES 22 4
¢ $9AAS g 18w MFCY QTY 2e
A4 FPolueeE At GUIE FATh

9 ¢4 AZEYO|TZE ALY A$ Taad
e Azbo] 28 Aem s=go] S| EAel wEtA u)
249 4 god AAANG ¥4 A £3 A4
ge Hge Rgsior Itk aen A4 LFAAES
A48 A Be 71eA9e SN AL S B
AL FE Qo dd7149 4% 2 540 153
gde] k. £ FXE Bug W 2gE 9} 7%l
A Hlgo] LA FHTE s&sde] oA 7}
F APEe] HE AL TYE RAZ AT BFF
7% AL Bg3 o6& sbsAe] BEoR Q% AEg
YR 29 F vt s Aol £ A% A
o] AAZ AAYL /M F UEAE =5 okgich

o. &

1. S%E A0 228 2408
FRFS AATA SloH e 2xvles T

NA AFL2HY 7HNE $FAE Fart g o]
X ol2d 24r|ess AYsg.

a8 2
Fig. 2.

/O ZHEE 2 DMA
IJO Controller and DMA.

7l IS
FATE AN E F FoF 7)5vhe Hddto 2
dslojof 3t} 7]Fo] WolA B REESL AL

HYE YHICE AL ERE WY

(520)

U o8 FE Bo] REAEY S E=4 Fed HY
39 53, 1&o2 FAse FEEC] BUd =4
ol AA Ao fgairt o Yobd FHtdl itk 12
i HEuHolA Y =g oEg A7) AsAE o
S @ /O BEE S} DMAA o] Broltt, 13
A old g nad W A & A Jo g2 7
< EHNEA ool +5TH FA THFe] A
Z2AA7F st a9 28 oH¥ =

-

g 4%
u}

oA o) off
£ o o

.

A AF 71%0l FA nmel o]2WA FH AF 13
Hlgo] diZ Asach 2Este LHARE F75
d OEF 2N A2FF dRAT AAR A
A e FE JHAT Be AFE FFa g
gokgt A HA ol T EAIES AZES Y &£F
Ag F3A HZE F o IAA 7)e] 2ZE
dlo] £74L 71Ed] 9 S4==2adEng Hdu w
2A AL S Qloh AA, JEHAE Aojse A
cetolH e} ALEA 499 AZEYOE £ ol
§ EFAAZ FE F F UA=E dh FIAAE A
48 739 FEE2A o] 7hssky] Wil o 2E v
tol FX¢ EE&z2aRE T TR T F
Atk ZE H239 FYo] 2AEH )X B H
7] Wi A T2 FAeAE Adstie &
H3| 2ZEY o9 AR FF T2 AA 24 @ol=
gt olgA Eest AR s st=doi7t B3 H
tas A =gtold RETHE FA3d Hr guA=E
Hsfdch 281 LEAL2E ALY Bf 2EH F

9 7lgn§o] TAsA Rt

L XA
AYL P x ovf ojBE AYW)IE BFojof gtk

gy A 35 Aol AdEHr] WEd A
d Asgde ds) WEAE F7des Bl sl
HEAgel QA HE B ()2 AAAT FEW)l
T Aged Hldsty] jEd A2 A diF 0|50
A2, ¥E AYE A3 OFd P A 7271
A1He] sttt BE, tF Z2AAE AMSE VRS
MR Btglen 53, o]F UTZEANE A
3 FF s ZEAAME AHEE WEY AHLR o
5& SUAZ At HEAL 42 J5dM T

83tk /O AEEHS DMAE B3 3 979 tde



20101 98 MXz3

FHAANESS AT o d5dn] H84L2E 7F4ard
F U

Ch XH|8

A8 AR g AFsA nEsielr & Abg
Fol shtelth AEQ @tE WL nELY AES
dZFARe 7] e FEY +8 Hug Fodof
o 23 AZEYol swulet NEAIZE L sEH]
|5 3o &n] dHIeE FHsjol st} oS
WEA7]7] QA stEdele AS wiEe] REuS
Ao vmA JsEE AT gol ¥ u4%
ZEAAL HEH LY T2 E Megony BE
o ot AALE HUg 2o Al UiF P &
o]a}A %}

AXEYOY BeoE studojs vaA 718 S

o] Aj&A o7 WS Hr} wElA HER|to

48 9817 g eE4A Juke] SAHAE A}

2313 24 T2 A QXA B

£ o] g3ty A3 BE é,ﬁf_%loi—% QELA

AHEEE - FE] e AIRE A
:&l—y_tﬂ- o OYL' c]/ﬂo] 3

A NERE {Poﬂ
SFAA FAY

i

o
=
=

=

AF-

2t EEn|C]of
HErHo)rlss A fsMe st A
e} o FAe %*lOﬂ aapHon $FT F glojof
gt 2 ®rtd 7716 A= ofn] HEwHT]e] 7
718 AofstEF sfal gtk dEv|tole AHgAllA
Helslar 4 )2 E AFshy FF spAE
2 I 2dgez F weold AF
& U5 sEetA e AR ) &4E F
A 9 Akt ohgE EEv Y] 7S 98X
CIS 7te=ke ol83te] AR A 7)5e AdsH
TFT-LCDA €85 2y Aeso]2 sH g HA|
2A48E Foko] AR F URE vt £F Qve
Rﬂ*ﬂﬁ T AET FoEN B B T e
& TAske Zo) dvrH el

2o

A E

&

ﬁ

=

A E

==X H 47 d CI H

(521)

b5z 53

*7} BF gash FAFN0RE U

$AE Aol A8 Holel g ¢l
~ds QHelES 44 & % sl B
& Y 119 IS Al v

ﬂi Oluﬂ,

1
al

al
=

. “8f‘z°4|01 EAE Mcf

E

HA

:%

ﬂﬂ>
{o

o
it
2 g

A

7t Z2AAM

Helvjgo] X129 Y& A VO AES
DMA7|5S Edgste ZaAAL "dH2a Ape
TOC300M S A elatdt. TCC’300L ARM 9 =] 7]
dhe]  delmjr]e] ZAMoly g t=golRe
DMA ZEE#E F3A A5 TFT-LCD Z1EE
#(RGB Q1EH o], i808 CPU ¢IEj#H o)), CIS AE
Z2], USB 20 FA7t dof 2EZT HolEHE VOE

o] o
=

Falx QAU & A9l CPUS| A5 ASE A48 8
% gtk 7 Wl JPEG 3, MPEGA 2, 222}
A7 Fol g,

L. o 2]

MEes b we Ao BAse wuilg
SDRAM o stHEd Ad8 EA4E
U ale] HYSSTR2LE(P)PS Agstgict 1ejm %
ERY, $344 Ad, 34 A2 AR dolHE
A4sl7] YA AdAAe] NAND  Flash2+
KIK8GOSUOM- YCBO'¥'& A elatgir,

7é‘b’il

p=N

& AR Ba BRI
T FE F B0tk
#As7] $)84 TFT-LCD,
CIS 74vel, 219 715 & A sttt WA, Casio A+
MSK2844"%2 o] &3t 26213 LCDEE(400x240, 26%}
13} Himax Technologies AFe] HX8347108 o] 831
24917 LCDEE(320x240, 6753 A7d)e] Ztzr Ahg-5

4



54 HYE M= ALY ERE N doig 9

At F TFT-LCD: E5F HA2adg ¥dstn gl
t}. CIS 7Hdlate A AAe] S5KABAFB'?E o] 43
UXGA Mgl REQ600x 1200, 2M SA%)3
MagnaChip AF¢] MC501CB™¥E o] 438 VGA 7}wat
25640 x 480, 300k d|AE)ol Zkzh AREHAT
TCC8300d1E  ¢etle  =do]l glo]  Wolfson
Microelectronics AFe] WMS731Me A}g-3le] 2419 ~
HHe efed AT  J=F 3t

A AAHES AR,

ZYPEZ S PCe dA3d NAND Flash WX dlo]
BHE 93 A7 ATEY 0] C;]t-]]o]EE 913 USB 91¥
Hol2st 7t S4AF T4 BAL AT ZigBe" 9}

I'DAES %% A}%s}ﬁit}. DA $4822E MCP
2120°2, ZigBee $44 FozE do|toubx Al
ZigBee B9 H &34 MGU9E Mesigr). &
3, AHdE ?,_a AEA Mg BAZZEEY
ZigBeeq] 7% 4%7} Bluetoothtt WiFiol Hl&jA A
Aoz LY 4 lont wEe 43 6537 oo

2 %71 N4 4 1o Ad-Hocd o2 7 wE73)
Host7} B glol A& & 4 gle 34l stk 1
23l MG24559 ¢ B4 $EE IMbps7hAl = Y3t
7] W&ol 1&Fe ARdolu} AT TG A4S A
9J3tie Al2" AojE YA E B5Fo] Qi

a9 32 YolA AAT AFESL UEE =Y
of EREoln Z+ FAE U FZEES e
TCC83003%} MG2455/telol & UART 418 3t 4

4 2 FA HolEE F e Fuwks & 9ok
Hardware Platform
l Power Circuit l
f 3
Touch Mobile RF
Screen SORAM NG2455 “{m r»
Debes |
recse .
| Audio leee] DMA..) fewsigensors
,.r.:'.":.".':,= [N jUsSBto s
.....i WOA !.._. as .LP.A.E!J
USH to
UART
3
H
Removable
Disk

a8 3. st=Esio =&
Fig. 3. Hardware Platform.

o

7t. 2G|

F9AAE Hevte] FAEY EEAHA ¥9S
e w=A] dodiy SASE 7)eH €S i)
A8 QZax Jwre] gt FGEalTEs g
39th. ZigBee $4 Al2"g Aojsty] SsiME A
SEA~ 7l TinyOS™ & Mesigic.

Lt GUI 2213

GUI Z2ad A% Al gAe Age A48 &
ke B APIF Qlofobt sted GTK+" e o&
22 oJHAR ¥ 7159 FolErt AT
GTK+E 7H53b7] 98ME TinyXZ7h 94 5350
GUI $4227%0] £GAA HolN ZgHoz 57
T 4 UES AL A Bk

Ch AZEQo| SRE

a9 45 AZEY] FRF R THaLE T
oA wolEe] 258 Yehiz gk JdelA dido=
EAE FEE studold A mepM FrhsAY
AAZ 5 gt

Software Platform

[ Apglication{GTK+) l ¢ __Application o
I N
| X Server{TinyX} ] ! wol :

I t__Protocol |

Embedded Linux Kernel
System Cell Interface

i Hardware '

Hardware {TFT-LCD, CIS ...} -«——-; (MAC, TX...) | H

a8 4 AZEQo EYE
Fig. 4. Software Platform.

(1) 252 2EAHA
HEA] LELX FIAAEN A& PC, 4T



20104 9 MXB83

zatd 71718k b7 oA sHogh - FER
HE oAty AdZ REdly] A7AY sdsdols
AARE  JEZ A9 25 $9AA9 AL
TCC830090 ZHAl s AEA L=, e F)sta o
Aste} g g age] Ry Al ded 22
FES F718le] o)Aet4th

CIS ﬂuﬂa} TE Ea}ol&%%f—— +4 ol4stglen
VGAR, 2M7 27H4 7higl 25 T35 A3t =3 180

K CPU %EMM*
2 e A

2] TFT-LCDE Za ¢ By
st 283 DA tujolA =

ol sdald 94 BAE BN ArF Fu
& & A 9tk B, TinyX, GTK 2.0+& ©] &3
of @irle GUI -a%uﬁilﬁ*} M e =2

(2) TinyOS

Tiny0S™ = 24 A YEYAY 2& 23 ¢}

Z 2] dHys AlxdHe] gBad Z2Hoz NesC

(Network Embedded Systems C)& ZAE £ Ao

th NesCe CAosh fARsk AA A3 ZzaH

NEE A Yol rZEY AXIESS 44

3'1«4'8}31 A@ste] 9Ae EAA (Concurrent) A€l
& 7Y URF F

He o AL

ool 2 AP%QL T A A <
o £ 28 FAAAMUIESY

pHiel RAMH e vl
Cost of Mobile Operating Systems.

z 1

Table 1.

A

o 01
_1:,1_3_ %é 7"%"__11'\’_,
A4 o

74

I
A8 AL 3
LES

A
g /\]Oﬂ 9_1_44

E 2 MAMUES=z YA g
Table 2. Cost of Sensor Network Operating Systems.

L?L

93
Nano @
Plus[25]

TinyOS 20

e

s €25 ce

¥E 71EA4,

AR b5

AF2E A

2 W

7€
o)xg

]

=&k M 47 H CIH

(523)

A5z

2 E9F) AT AEHY £ V1418E
dlaste] itk E 3¢ GUL A% A el Ages

a8 golrdele 7)&u]ES vt otk
4. §sEA
7h HEN g
CIS g #olaE ZEAMGA YRUE iy &
DA FE Aso 7] Ho| CISRIH

24 /\]joﬂ q.] 5 Al
dolEl g 71 A Hojlth wef ALEOE o] &
34 GPIOZ 20MHz © 4 ENE!
Aold B¢ e gojn <l
o Aso] #HastA Wr 1
Al Z2A A U E o] 31&1 CIS 1/O AEEHE

o]-&3le] CISZHE do]HE 7k % DMAC HEst

=

1ok
_1

A
[e]

o H2gd AFgo N HsAHIE H4st T 5 3
. 19 5= CIS /O AEE# 9 DMAY +4 s
Ve AL gl

TFT-LCDE ZRAAGA WRUE Aojilzed &
7] sjo} AlojHm MR HAHo gl ojulx] Ho
HE sho] AAteR FHsjof drh AZES AR
GPIOE Alojate] AAzter HolHs 3T 4%
2839 =7t AZSTE dolEe A7|= Skt

F 3 coi=E ZojEe 8|8
Table 3. Cost of Graphic Libraries.
ail | e | ae 23 w4
T | o | BE EAT |, )
MEC | G | TE panas | PTEE
o | WIEE AT,
qre) | F= ‘;f AeEA g 2| 2gE
Al Z(n}aHe3) A))
TinyX ANAA 2575,
& 78 | F8 | AREA AL 2 | $& e
GTK+ W¥7} b
A[ﬂ(mﬂ
o |
. i

BERT

a2l 5 CIS /0 HEEZ 2 DMA
Fig. 5. CIS /O Controlier and DMA.



56 HYE YHiCiE ALH BUE Y

71 W&o CPU7t ol& Alshe Al7te] F71t CIS
AdHFHol 29 vhRIIA R A £&-& FUiskslr] S8l
4 DMAZRE £¥% on|x] dlolg& 7149 LCD
/0 ZEEHE T34 LCDY 88 + gld

Lt AL 2

FHelgtel A Buje e 94 diolEE YUV AZoln
LCDoIA ol& tl2Ed o] g2 RGB 232 RulF
oo} gt} ol& WAY o BF525Y WSE AEs
o Adstd AR d2E & F ded 29
He ZdY 71 Ak A543 ¥5E ALE 3¢ 2
2 AEEE 2 FE F7EY LHERS g4
ol x] YREA FEE Habo] vepdc)™

TCC8300¢] o d=dojye= YUVE RGB
2 HEF= 750 Aok dE =g AE
7171 98 A 2E 44 I=E Yol Fa Fod
AgeAd 2A YUV dolgE Zad vl A3st
9 RBG HelEE ¥& & rh ©] 7]5& o]&3d
CPU¢ 35 29 A5E F3AE 4 ook

filo

m 4 3

1. Characterization

AAF SRE 4 AXE AY2rE E45] ¢
e EAF dFIA AFE 2RI FHEolY
Az s 43 =& B st LA
€ HEARE S48 olgd B4 AR A
€ AH8et e AYARF g dFrdS A
AdTh 1 F48 $4 13 2 485470z g
AT N& SRENA g48E= FAE 249
FE Yehdth AR 843 4% (o) w} 224
H(fp)o] ZAHEE Z FA7t 2R A (P)E A
Ate) d 4 9l

N
fr=2aP, (1)
i=1

XYY A A olo] U Zegd WYLRE
A7) A Zalg we A B8 slolo s
A ge] AR AYF 2% WBHE e &
g dojo} B, 4 20] =AY @ BAsE 287
42 AUsdn. B4 $Re 243 P& FAsg

fus
HYrEZoln ER BEL 12 5 243 =49

e

Ao 9

N
2y ©

2. M W

ng
A
2

7t E8 Stodo] ¥ AR £F

gA3te ¥ studole 843 23 distd A
¥e 249} 23 Pu)= JIAE Ak N6T05AZ
g olgste] A HYZAE HSAM 27
222 1) 44Y RGB ¥# AZEY ] A%, 2) £F
4% RGB W3 X Edo] ALE, 3) RGB ¥& 3=
o] AMg, 4) TFT-LCD I/O ZAEEZ S DMA AHE,
5) TFT-LCD /O #EE& < DMA YAHE, 6) 21 <
A, 7) ZigBee 312 AHE Solth ydd =dEE 4
Al AEFY 7 A e oz 748t AFsH
g #A¢ 29 6o Jelgith 720 sz
o} 2 e 27|38 AHgrt EUd 4 AHe A
HH 274s 48t AHARE SAHGL

2y 78 AgdA HE st=doly 7 g4 2%
of Uig 2% A8e Jepdrh B8 s=dold BE

52 FAsE (9793 mW)dlA 2T E T3
AE A% 9227} 9 15% F7H993.7 mW)d wF
3, ZigBee® AdEHo2 FAAZE B¢ dYaE

Hardware Platform
Power ON

;

Software Platform
Booting

!

Combine Parameters

|

Run Application

|

Analyze Power
by using N6705A

[

l Linear Equation I

a8 6 HALDE ZH 24

Fig. 6. Power Consumption Analysis Flow.



20104 9% MXS%3 =2A KM 47 A CIEH A 5 =2 57

1200.0

1150.0
%1100.0
H
"3_1050_0 3) RGB Conversion
£ HW
g 4) Enable DMA & LCD
S 1000.0 VO Controller
4 6) Audio Play
2 7) Enable ZigBee
e 8500 -

9000 -

850.0 -

34 3) 4 34 34
D) n 67

a8 7. MyiogEk
Fig. 7. Power Consumption.
T ¢ 167% F7K11431 mW)Egith o2 ZaiA A
HARE FHaghs] feiMe TS AHER) 98
AF W= FAIZE XA A ks RS Ee)
T 4 9

Lt HY sl=90 H 45 &3
7 @43t 239 wel 23 TFT-LCDd| EAHE
29 2o $8 24 o o, 342 AT 2=
£2 1) 454 RGB W3 AZEY ] ALE 2) REA
60.0
1) Integer RGB
50.0 G jon SW
- 2) Fioating RGB
5 400 G ion SW
3 3) RGB Conversion
v HW
§ 300 4) Enable DMA &
. 1oy
& 5) Disable DMA &
100 - LD /O
Controfler
0.0

Tne 24 14 DS 25
a7 8 xg =y &

Fig. 8. The Number of Frames Per Seconds.

20.0
80.0
700 1} Integer RGB
§ Conversion SW
E 600 2) Floating RGB
@ Conversion SW
§ 500 3) RGB Conversion
- HW
§ 400 4) Enable DMA &
o LD /0
g 300 Controfler
4 5) Disable DMA &
20.0 )37}
Controller
10.0

hHa 24 34 3% 3535

a8 9 =l & Myamak
Fig. 9. Power Per Frame.

43 RGB W& AZEH A4, 3) RGB W& s=9)
o] A%, 4) TFT-LCD I/O AEE S DMA AHE, 5)
TFT-LCD /O ZEE&2 ¢ DMA PAME Folth HA
s=glojg 2T EYA Y 27138 Hst U R
AZEJOIE o] &3te] 23 2] FE FA}5 o
a9 8 ol A ZE A SATE HE =9
%S AH( 3) 4) )E AF(GET FPS)7E BE 715E
LZEolZ F( 2) 5) )3t AMEE (27 FPS)
B} oF 206v) WE S Bl

Ch =g & 22839

HE steso] 7 A5t 23 diste] Zag 7
AEEE AHFE AEste] 29 99 YERIY. ¥
g 7

SEdolE AT e Asu AR
==

g

=
o
ok
il

P,L
[
jz
2
il
>
oo
ﬂol_r‘
N
bies
o
Ry
1o
2
I
By
b

2t IM HeHs J|ECR & 45 Y

HE l=doirt Ay £ ¢ AYL adiE
CPU9| Holt} weha &§ AFol 273e= &Y ¥
Fol wh CPUY Al fgo] 3718 & Ax BF A
32 o]zt 19 82 5H 7 WE s=4 |7} CPU
duh} dxu QA 28 CPUZ g
2 guilA] 23 E 4 glom X 4
st vk Z B4 3 LCD #A &Y
(t;0p), RGB 83 2 (t o), L 99 2Dt nored &
% 43 23 gt 2 e HE s=dolrt A

1o
4z
fr oot
o

Hed B4 57} g gebs CPUe) Hel 59
& te 3t Zo) A oz Bk

appy = 4-0%10% gy = 4.9%10%, )

oo
2,
o
-3
>
)
o
et
‘2
2

5 W8 s=sofddA A

SR AL oy I 40, BT BAY £

)

4 HE si=sojel ofs ZAH CPUS| XMel#
Table 4. Processing Rate of CPU Reduced Due to
Parallel Hardware.

2% 3) 4 3) 5 15

o 4 47
O CcPU CPU CPU
_’..)\I

teworas | teovvt temomms | tropttoonvt tamores

pixels/sec | 51IM 2.23M 1.23M




58 NAE YWCIE MLH BRE N Aie 2

3. S HE Akl dlo|8E TFT-LCDA £¥3ta Y& ARRlojt.
Mg vEYA duide A2d EFRE] FoiA
3 AAE 9 v et FATAITE €85 L}. DNy 2558
o fhekdt SEAFSL AT & gy a1 LBk MEE ZRES o83 FTF3A7E AFIA
ZE o8 A Axdozn SFEAY|, A&9s Mg F&A7E TFT-LCD, HA 234, CIS 71
7], o} ELY FE7}e] ﬂ?l 9 72 AR Az" 5ol gt 5§ o|g3le GUI 845 Adste 54 HEHE
Aok ol AN E ZAEFE F83t HA| ZigBee AR Qe &te] PCAl AR 4 Qlvh EF Hod
2ot vy § }-7&7 Azste] A 2ge] F3} AN TEZ 584 Hod AR dojHE Ad
< AFIAch & & 3ok
HREE 6302 AAHJCH MES =g
7}, ZigBee 2HIY ZPEE 722 3t AFAHA SensorE THA &
IS Jidjg}l, TFT-LCD, EA2ad, 2HE Ale % % ¥432¢ v5E A8 CIS 7MEE E3A 9
t 29 & 394 Rt oS3 AU 7)5E 237 4TS AHY F gow oW Aoje
g3t ZigBee BAS 34 wty] il vlolE (& TFT-LCD ¥ HAxadg ¢]&F GUIE AHESHA
A}, oW g FIEE F UL 248 HEYA V] 9. 282 DA 534 A4 ZUER golHE

5 AT =g E ZigBee BAIS B84 Hx Agste] A4 5 A Ao o5 t2AE F
E gAY Ve AuE g8 AgAe Farg £ HM 539 dolHE PCE WE & F AA Ade
gow CIS Fvate EsM AL AN TFT- Aok 28 113 29 128 ¢49 stmgo] ARxlelth
LCD £849 GUIE T34 ZAE AAE + Q.
a8 UL E FdA SUHYS ANY 5 YEE
ARt AxEGoE gHa FFAAGAN T2
shes S8Z2afdM FHez Rd dHoHE
TinyOS 2.2 ALdA HH Tiny0S7F MAC Z# ¢
of ALEA} HlolEE Frlsle] Agdh= Waelth

a9 102 CIS /0 ZEEH, TFT-LCD I/O AEE ; .
2], i80% CPU dEl#o|= 7e& A% s FF a8 1. HelRse] o
A48 RGB ¥ AT EOIE o]&3ld CIS 7}va Fig. 11. The Front of Main Board.

ALLOSCENT

Digital Breathafpzee

a8 12 gelrREs HH
Fig. 12 The Back of Main Board.

22 10. CIS et a8 13 ExA3E o4
Fig. 10. CiS Camera. Fig. 13. Touch Screen Input.

(526)



20108 98 A3y =2X M 47 A ClH H 5 2

RaE ol gdly ExazaYn gciouE E
A st=glolE A ojstt.
A ~A8L 4 Wire Resistive 2ol TFT-

LCD3HA )3 =(320x24008 A% zghslar e} o]
ol-gate] 1 AE|H o]~ WES o] &5}

(o2

g ol83to]

T
i
Mo
2,

e Ay
ool 48,
AelstA Aest) A%

off

o
ofo
2L

o 2

N

32 2 &g oty orld x2 o
>
o

)

_O|L
52
o

N
s

ZIgol AdetA RYd g

) Shel 9E sedle) 7)1 e AR

24

)
| o ¢
ol

o

o]

o
I
EC)

1A

i)
>
(R
=

b 0

o oz o X

ol rE

—r—’olo‘r’
rlroboﬁr:i._ﬁ_rlmlm_ﬁ
Nl
2y

N m

o2 do

to @

Ho
of
24

oe oo d (M
_o|£
39
H
i
o
o
iy

ot o o |o
2

B>
=

=
&

K

ox =

o ZTE o
L o o

o
n (

PO

o
U

[1] “DA-5000" http://www.datech.co.kr/da5000_ove
rview.html, DATech, 2008.

“ e} h moe) O] > ”
dBeTEAA, A,

cokr/, T SHA] 2000.

[2] http://www.dasangng.

(527)

59

“CDP-1020H/700H,”

http://www.commax.com/, COMMAX, 2009.

“NB-PLUS,”

http://www.netblue.cokr/, NETBLUE, 2009.

“ZigBee,”

http://www.zighee.org/, ZigBee Alliance, 2009.

“QT.” http://qt.nokia.com/, Nokia, 2009.

“Specification TCC8300,” Telechips, 2008.

“HYSS7B2LE(P),”  http://www.hynix.com/datash

eet/pdf/dram/HYSS7B2LF(P)-xE_series(Rev1.0).

pdf, Hynix, 2007.

“KIKSGOSUOM,”  http://pdfl.alldatasheet.com/data

sheet—pdf/view/104336/SAMSUNG/K9K8GOSUOM.

html, Samsung, 2005.

[10] “MSK2844,” http://devicemart.co.kr/mart7/mall.php
?¢at=003011001&query=view&no=22134%3Cbr
%20/%3E, Casio, 2009.

[11] “HXR347,”  http://www.trulydisplays.com/tft/driv
eric/ TFT9%20IC%20Spec%20for%620-148W%20Him
ax%20HX8347 pdf, Himax, 2007.

[12] “S5K4BAFB,” S5K4BAFB_EVT1_DS_R007_08
0229.pdf, Samsung, 2009.

{13] “MC50ICB,”  http://www.magnachip.com/eng/dow
nload/MC501CB.pdf, Magna Chip, 2006.

[14] “WMS8731L,”  http://instruct].cit.cornell.edu/Cou
rses/eceb76/DE2_Datasheets/Audio%20CODEC/
WMS8731_WMBS8731L.pdf, Wolfson Microelectronics,
2004.

[15] “MCP2120,”  http://ww1.microchip.com/downloads
/en/AppNotes/00756a.pdf, Microchip, 2001.

[16] “MG2455-F48 Datasheet,” Radio Pulse, 2007.

[17] “Linux Platform Device Driver,” http:/www.
mjmwired.net/kernel/Documentation/driver-model/
platform.txt, 2008.

[18] Jonathan Corbet, Alessandro Rubini and Greg
Kroah-Hartman, “Linux Device Drivers,” O'Reilly,
Third Edition, 2005.

{19] “Tiny0S,” http//www.tinyos.net, UC DBerkeley,

2004,

[4]
(5]
6]

[7]
(8]

9]

[20] Zud, 298, A, “80o1 7|8ke] & ) 74
AxX QEYZ EHZ Tiny0S 2.0 o]4),” 2007
SoC &3], 2007.

[21] “The GTK+ Project,” http://www.gtk.org/, The
GTK+ Team, 2008.

[22] Andrew Krause, “Foundations of GTK+

Development,” Apress, 2007.

[23] Juliusz Chroboczek, “The KDrive TinyX Server,”
http://www.pps.jussieu.fr/~jch/software/kdrive
html, 2008,

[24] “Video for Linux Two,”
http://www.thedirks.org /v412/, 2005.



60 UG HUHCE ANLE ERE NY

[25] “Nano Q Plus,” http://www.itec.re kr/itec/main/
index.do, 2009.

[26] “YUV2RGB  Conversion,”  http://elm-chan.org/
works/yuv2rgb/report.htmi, 2002.

[271Donghoon Lee and others, “An Energy
Characterization Framework for Software-Based
Embedded Systems,” Proceedings of the 2006
IEEE/ACM/IFI Workshop, pp. 59-64, 2006.

[28] “N6705A,”  http://www.home.agilent.com/agilent
/product.jspx?cc=KR&Ic=kor &ckey=1123271&nid=
-35714.656338.00&1d=1123271, Agilent, 2009.

Z o Az

2008 QA st Hzapgeta
A 4.

2010 QM AA3-g
AAL 4.

<F#4FoF : Sensor Networks,

Embedded Systems>

(528)

A A A

A

dti 2

4 m MHID)

1986'd At etu Ax}F e
AL £4.

19889 A g n AxF e
AL 4.

1998'd Ph,D. Department of
Electrical & Computer
Engineering, University
of Massachusetts, Ambherst,
USA.

19881 ~2003 A A4 CAE Center %,

A, Y, AT+

A ¥ FHRE AxFEH Rug

<FHAEF : 45T EA, Reconfigurable

Computation, Fault—Tolerance, Embedded

Systems, Low-Power Design, Nanoelectronic

Architectures>



