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Student: Te-Chi Chen Advisor: Dr. Chin-Teng Lin
Degree Program of Electrical and Computer Engineering

National Chiao Tung University

ABSTRACT

The most former biomedical signal Supervisoty: systems only realize signal recording, and
then these signals are processed by a powerful computer for off-line analysis. Hence, the
conventional system lacks the capability -of real-time computation and analysis. Due to the
above drawbacks, this thesis proposes an embedded-based brain computer interface (BCI)
system to overcome these problems. This‘system combines'the EEG monitor and smart room
control to provide a comfortable living environment for the handicapped patients and elderly
people. To achieve wisdom-demestic environmental control, this thesis proposes multi-task
and cross-platform schemes to achieve real-time computation. The multi-task processing
approach divides the task into many sub-tasks to significantly reduce the computation time.
The data-exchange scheme has the capability of crossing the platforms and allows tasks to
operate at different machines with distinct operating systems. At last, the simulation and demo
results show that the proposed methods can achieve online biomedical signal analysis and can

be integrated into the smart room controller among different platforms for better life.

KEYWORD : brain computer interface, brain signal processing, drowsiness detection,

embedded multi-task scheduling, embedded system, smart room control
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2. RF3105 @ﬁ%lﬁf.ﬂ_

& RF3105 chfpdlt > £ 1% RS232 Fr o > #f12 2 CPLD b A {7 1§ = et
SghH  RS232 H 2 {8 aofiCin o 8 BHEEE S 61 AP I% CPLD 3§ Meniile
PSSO 210 7 0 & 2205 oA o H Y w5 A 3 B UART @ i3 400 [27]
foF Wi UBE RS232 AL N0 G B @A A R h A eapie?
o HAREF A IF

UARTHR 5 i 40
Clkin »|sysclk
» bclk
B EE R k(s g 444 .
Lesysclk  belk [ helk GENDONE »|TXD startH TXD H¥-=TXDout
CHI_datain belkx8l  f cH1_data Data_out[7..0] »DBUS[7..0]
. Conv_Start +BC B
CH2_datain = CH2 data
R12.10% RE3TO542 1 #5071 R
4 2.2 ~ RF3105 #’# Hi: ® #i‘—r%l’z\
BE A Bl | il 20N
Clkin input n/a - 1= Lk SU2VE T AR
CHI datain[7..0] | inpiit n/a A/D converter 47 3f 1 i T A6 )
CH2_ datain[7..0] | input “In/a A/D converter # 3§ 2 i 3 42 5] 4
TXDout output n/a B 742 RF3100 & MR fle
BC B output High A/D converter 3% it 3 5L
A 4 ¥~ RS232 %% H: emFx—[i 4 3%~ RS232 i#i¥ Ho s Eva,‘}l—‘p 8 R ]

o IO 1 RS232 A SR 3U i ;@.fﬂ@ﬁiﬁﬁ-ﬁ_& o pLib s R AT A m@;ﬁi;] &L
$ ool B @R L JF B2 5 AR (channel) SR > e o R T g @ 3E SRR
P SR PR R R AR TR PR e R LAY - AR 0 3 250
Z 2.3 9750 o Ao Bl 2,11 977 0 AT IR (S 0 € T Bow BARE hF I Flpt o
BUG B A IR AT oA el APABEEAS e g HELE
fa— B i3z U @ﬁ%]p.iw €7 RFREF4 .

Y

B CEREHE @ﬁﬂrﬂ,,. F o AR H o @ﬁs‘] ’ %{'Qﬁxﬁﬁiﬁ-‘ii
AR YFOE (T BE 2 ST A A BYCET f G R TA
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# 23~ mRife

Bytel | Byte2 | Byte3 | Byte4 | Byte5 | Byte 6
Wy | Datal | Data2 | Data3 | Data4 |Checksum

ARSI m R

WG RR

BI2.11 b BN T AR 38 AT 8]

PR HOAPRBERAS T - KPR 5N UART @i e » ¢ H
H#-RS232 M ELiE d o 4ot — RN R BRGNS - B SRE M B S T AT M LB

LR
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73 pfeR

d ** & Embedded System + > 7 3% % 1 i’r—'r‘;lz,u.‘ JE W REITAIE 5 Blde ¢ TR E
BAMEL S TR A LG o ok R RER 1 TR - BAIZAER RS IAL R
% Embedded System ¢ F 3% 5 1 (T2 R AR GFPERF > a2 4 g7 - L EFpEFa
é@@*%ﬁﬁiﬂﬂ&’i%éﬁﬂ—ﬁélﬁﬁﬁﬁugﬂ»ﬁbﬁﬁﬁﬁ%,
FORTPEE L & TR 4 Mgl AR AR I FL AR F L RE B
WE/T L (TN 0 3 I LATRIE S i B2 IR e

“E\*

b d 3 PR kA PR I[28] T AL T 3B
1. 221 iFfRA g ATIERE2 I BIIFRAE I AT 2RI 7 ik
2. 2 PEEVSEE o AR R o AR DI AR RG] o BRG]

R 50 AT Ak S AR 1 lrmwwﬁ%ew@ﬁum%»}ﬂa

™ F_&

Lw AT R o — AP g A
FOUELL R R PE T EE > e B AR R
i
7

v if F - B Linux i # ddie o 3
e n g A ?#%rm%,F,ag;
¢ RS R R PR PRRR T S
5 € AT AR kil B4 s
AR e WY o RJEARE R g 5 - TAMp M blde D F R AT
e~ BRIZAZA b h 01 IE SRR ST F e - 2 S sk

%

L L TP
Bt 51 PAnY B - 304 o B

‘?\\@

w
\‘14*

Fipd 1 Ff e B e (F o

311 1 fer dgr A Rae s

48 ® 7 > Embedded System *77F & ¥ F (PAJZARS A W 5 & AWK 4]
T RRLTE S C MBLAJT M E MBS RST S w38 1 0T o {5 (FH Faup S o A
HeET DL PRI AR R A B2 A0 L RACE TR R R SRR
a2 TG IR 3F AL AT A 4T o d ST E A B T B R AR S AR e
mEEG ABepiRtt FHAREE - B2 R APEFERF A TR RS

B B LOF o 4o 3.2 Aom 0 AP ET ESMELIR T F RRET A F aHE S kK

4
*"-”}}

T

7}"%1’} ’g 1A ff‘liiﬁj?%}v] % > TP > PR kAL @?ff",{};,ﬁ%ﬂﬁ:‘_@.’f{?‘#il /']
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g%—’]if‘]ﬁ?'ﬁ“}"";iﬂ%l;?‘: ’ ’\fﬁ ‘}'@wﬁiﬁ' g g ﬁﬁl%ﬂ_ﬁ‘;@g ’ \f'~ &%ég-;}.{.p](

dopt - K A RGUELAJIZ P > Embedded System © 4 € R A A X F o A pFE4F
FRATRAMEL 2 BT B DT A G PTG o FI > TR LR

AR e TR AT g e -

timi

N\

RF 1z i& A &@ 'raw data :

s o o e ms s e e ]

| =i |
et ot ot e o e e e e o] DataBank i I_I i :
—

NE A=Y 3

L . T -

%3.2 > 'E}/\ IS —\ AR R

312 % € mJBAeh 2 Fi 154

B E LR DR EHY > LR RS BAREARRT AT HE
FhE 3o ASLA A 2 BV U

o fr Linux eniT ¥ k3¢ - L e ﬁi}@ﬁiﬁ’
2_ [ e 3 8 4 (inter-process communication »  IPC) @ 24 4 i 7|(message queue) ~ 3 55
(semaphore) ~ £ % 3z 48 (shared memory) ~ ' % socket » & {F 425 B i il L] ¥r¥ 2
E DA Et a0 AW AT

4 = 71 (message queue)

B ,5) =521 ."J#FL;E, _ J_L‘L,_g% & m'g‘g s ;E,J_Lf—ém i;mg ,ﬂixf,u ﬁiA =4

- SUSRE- R
7 (linked list)en= ;s % > @ =& B 4 0=

SRS EHES K - L 2
'E*‘FK? - B % 5 & Bdk(long int)eff i > - B2EE EamL LR » fo- B E & eh ?
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ERERBEAFALER-R) FRBERLD - BIFIF - 2R @l B4 LY

e
msgsnd S 3% o F B KL iEs g B LB F e msgrev S5t o A BREA - 2 F
B REANGER KFE L TR 2 T RpEE L OAE AR AR ED

O F AR BFIT A E L H @ IPC oo #5102 fEIPC A 53R ¥ o

2. 1 5.(semaphore) :
BELE - B IPC 7 * - o FRY 0 R BPERE v GREB R
BREVIIERFF- BELFLEFTOTHRPE o HRF 32407 ¢
(1) £PRRFAE B F RN 5 o
(2) 4% i %l%@éﬁ*”&ﬁﬁﬁ%?U%?%%gﬁ BALE i * T IRPE
VR ERE B - AT AR SR F R BE o
(3) 4w RI# 0 BLIE 5 0 A28 e B AR AL A JERTF & 3K G pERR B 0 B 3 BLen
oo F T BAIEAEEFERE S G LS - B o

B+ +0

ETIAS

b B 7 (B i3 e o e d T ran SR o1 %{mlgq}g;@th 1o ﬁp%y
iz e RJLAR R AT 5 ® iR ¥mﬁ%$$a@m’5%ww$g@¢ﬁoﬁﬁf

?i—ﬁkﬁﬂ%%ﬂ’ﬁéﬁ e [PCo B A hjh= @ % pF > ¥ % UM EI? A2 B
b B H s IPC IR » VHFE X T RE T FE -

=2

3. % % )i (shared memory) :

EZ BT UEA B OEJIARE KA S - s o8- AR
I IPC» Fla 2 3 R PIREFHfo* “ AT L T8 > A * L3 efREPFL L
Rdri ABATE R Y - MY cRBELHRT P Fhgdd itk S
(synchronize) » igfdfimid ¥ A ELRIRA & BAILAEA F L F o R OITE .
4. 3% (Socket)

Socket #_i¢ * TCP/IP e st k24 Tl > #71U E & 5 ik & 75&? i
FEBIHAL AFLTFRRAE A RT o F AL - A56° 5 58 TRt 2
BedT B REB A 0 @ AP RET L L o R Jﬁ/»\/i%*v?l fe e
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WH o GEFIML AP NG T T OLE NG S R 4] > Fp A
R R TR S L RIR AR A 2 B

32 MAIHT 5%

RITHEFEBITRARIEALI NEIRORAET &> Ahr ST - B
4 2 $ T 5 (Data Exchange) » #-7% 1 T’rﬁi}iﬁ@‘ﬁ gt S FEIFEE o 55 Ap R

)

321 MARHEHT A

2t 4, % ##(Data Exchange) &_i¢ * channel X iT 3 4 @5 p g o & %{;&é
channel ¥ MEZ e ® #2583 4p/Ed > # * 7 pefachannel 3 4, 7 MR * B 3 oo
Te A25 @R LA A AR - PR AR T B AT 67 hchannel TR o F - B
channel % 20 BF ~enzx g VU H 2 34 Vg #iF > 4o BCI EMBEDDED -
BCI_12345... %% - - 4 * Embedded Data Exchange i * 42387 113 14T eh=
I B A

1. Publish/Subscribe

Bt 058 T ha (84 Event-Driven 07 ;%o Publisher #-event 3 4% 113 > 5 &
14 channel £ subcrubers #-£ ¢ Jor] tlevent 3 4 > @ Erd H R A2 K T o ] 3.3
P 4 Publisher #-31 & i¥ 41 {4 > Subscriber B ¥ C ¥ '3";1 /' event message 7 channel
—*‘ i ¢ f<3|iz B Event message® @ 4 %|3 kJ2iz % event message° Subscriber A
# FLe¢ event message 77 channel » #7143 € {2 3| " event message #7141+ # § F X i@

0% o

message

Lo

publisher subscriber A| subscriber B| subscriber C

B]3.3 ~ Event-Driven Publish/Subscribe Interaction
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2. Request/Reply

4B 3.4 - % Demand-Driven Request/Reply 117 4 3% » & hiF 2 N ¢ 3
¥ 7 1§ point-to-point message ° Client 3% #-Z foe2n 4 % 1) » @ K message channel

[

1 Server ¢ JT¥|J* message> § Server kJE % i% B message {5 § #-% % ¥ v % Client o

request

_—
Clent Server

al
|

reply

®3.4 ~ Demand-Driven Request/Reply Interaction

3. Broadcast Request/Reply.

Broadcast Request/Reply + iz T e lieqqést/Repl);_— # %_Demand-Driven {7 %
B34 o 1@ L request/reply ®_— % client f.%"aL/%* i server > @ 4@ 3.5 Broadcast

Client (117 & ¥ w J& % Client o

Lo

Client Server A Server B Server C

I

Request/Reply ¥ 113 % i# Servers T e

request

reply

®]3.5 ~ Broadcast Request/Reply Interaction
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WL RHET LR TCPIP chid Ak Ak P2 LR i v i &4 -
i# Daemon fr i ;% & (Library) s = » Bl 3.6 & 77 & SechZf 4 o 10T Mom BIGLp & A i

Ay e
Application
Data Exchange
Daemon
®13.6 ~ Embedded 1.4 23T &k sy
1. Daemon

Daemon { # K& eh1 (%> § 42| pe 3 4 {8 > Daemon #46 & £ 7 % ¥

A23% ARt channel 53U 4 > F 5 RIS L B LSBT 4250 o

2. Library

B ER* 425827 Daemon il m)]ﬁ;’]r’” stV E A B R T AR function kiE
= R 4238 ¥2 Daemon 85 o

a.  MBD_Init()
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414 5 L function 22 2 2 daemon 8 > daemon & Kk H-i¢ * LB 4 18 L
B* AR5 o

int MBD Init(MBD_Session session)

v i#E
int w0 &7 2Pk 4pz
#:

session : & —

\\\Xr

%

it

o

o ARG 33 F & deamon F B chp BE FEAL

b. MBD_Term()
2k 2% MBD_init()i = £2 daemon e 4 o
void MBD Term(MBD Session *)
w18 iE

o

-y

9

#c

session ;: & —

=i

iF

B 0 AT 0 13252 deamon B B chdp BE AL

c. MBD_Listen()

$ 0 e 3 deamon Ji H AR & BN - BAEEOT R o A Kk daemon T I|iE BAE
itz s WUNER SR I CCay g P

int MBD Listen(MBD_Session *session * MBD_Subject subject,int *MyCallBackFun)
v @i

Hfcie(int)> 0 &7 # o His &34 pzo

#x:

session : & — B e 32T F & deamon i chdp B TR o

\\\Xr

subject : is"ﬁ#%»’l(g% A HMEAE o

MyCallBackFun : 4 f< 3|3t 4 {5 > daemon € »¥ ¥t 42 B k4L (74p R 1 1% -
d. MBD_Send()
MAEAE S APERL R DT T L S B E;q*q\:lz—m A3 o EH L gt

e g g e
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int MBD Send(MBD_Session session >
reply subject >

MBD_Subject subject © MBD_Subject
MSG MsgID msg id - char *buf - int size)
v @ iE
#E #c e (int) 0 &7 A pTo
¥
session :

v
T

W Aoor @iFENH A m P o
subject : %

“ﬂ%
\_
‘U\\'

S a2

7 5% E ¥ deamon Fﬁ?%ﬁj#p i ?1" ’
VL FUR— B
reply_subject : % ¥ Jx 3|3 4

X 1%

T

SR A2 0w @m&t;nlg B o
msg id: AN o T U ko &t L sk s S o
»E‘; j;A,\ Sr)Rr >

Bt A28V ik
FEI A A 5 o
buf: %t IQQF% G oo
size: Fri@iE & x| > H =i byte o
3.2.3 .,

SRt S E I e A ] A A R R AR R
WS B Ry Bl 2 H A SAge T ket mp o
Lo AHE e AR
& * 425 & Data Exchange 2 Jfg‘—r ASRFE ML RS BR R AR T B
eV xhk- BN L TUABRCAER B a8 E > 4o 3.7 o7 o
2. AL BEE RO B

B RHE

fﬂkaéﬁT%Q*ﬁ”ﬂ{ﬂ@{ﬁﬁﬁmﬁ’%ﬁ385%%’&ﬁ
A oA BAZSS - B A % (sending) © ¥ - 8 3 i< K (receiving) °
B ip et A2 EH 31 2% 3 3 emikiey
VA

HAATIHES FREHIAS 18 Daemon § &

ErFERE O RBRT 1’?3 }E—Ifhﬁi
221 4 o

Daemon ° #s;-»{:;—ﬁ ¢h1 Daemon ¢ §4 {74 3¢ 2 #73k i CallBackFun » 4 {7 = &

Bx o P E AR B3

"~ q—d }&_
ERIARF AR R T

B id 3R '/\#3"1('42 25

BT R
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Voo
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message >

> «
............... message

v

Embedded
Data Exchange

Embedded
Data Exchange

message >

Network

B13.8 ~ 3 3% & 3 fT B T
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3. Sample Code :

& i sample & =3 BI04 main() 2 MyCallBack()® B & 3% > main()#@ & 4
LArie 47451t 22 daemon i B~ TR B channel AT AL B X FHFR L U2 B HFE

> AN
daemon :# % o

int main(int argc, char *argv[])

{
My_Session.SocketPort=DEF_SOCKET_PORT; /[3% =€ 3 port
strcpy (mysubject, TASK_MGR_SUBJECT); /[7% %_Channel
MBD_Init(&My_Session) ) /& = #1 daemon i &4~ 45 1t

MBD_Listen (&My_Session,mysubject,(int *)MyCallBack) ) [[7% =_CallBack function

MBD_Loop(&My_Session); ACRSES-F 11
MBD_Term(&My_Session); /1% & daemon i &
return O;
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L

AR T IR < | s )

|

(&

MyCallBack() R4 3 A i€ % p¥ Daemon ¢ 34

TR IR ERL

int MyCallBack(MBD_Subject _subject, MBD_MSG msg)

{

//f% message 77 header
MSGUnpackRgstHeader (msg, msg_id,0,&trans_id,&numRows, &rowSize);
I SRR T A= 4 1 FE R 2
if (!strncmp(msg_id,"INIT_REPLY",10) }{
if (Istrncmp( buf ,""RF_READY",8))
rf_status=1;
else if (!strncmp( buf ,""DB_READY",8))
db_status=1;
else if (!strncmp( buf ,""DSP_READY",9))
dsp_status=1;
if (rf_status && db_status && dsp_status) /2 F & = & g~ 4o it it

MBD_Send(&My_Session,RF_MGR_SUBJECT,NULL,"START_RF_FIRST",NULL,0);

Jelse if (Istrncmp(msg_id,"DATA_READY",10) { //F#icf = 3B 4>T - FA T &M HL e
MBD_SendString(&My_Session,RF_MGR_SUBJECT,NULL,"START_RF" ,NULL);

MBD_SendString(&My_Session,DSP_MGR_SUBJECT,NULL,"START_DSP",NULL);
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e~ BEFAFRR R EF

BRAZRBPHER LSRR FRLRE > R RY 23 FETE Ok
o TR TR R R FE A ARV R G B BT E AT
ﬁijj;ﬁq;‘@w CEE AT B B R R AR i ey # FAE

$ U REZ BRI IREL AR IR . B2 ERRAKE § LR
Bk kL («ézri{»;ﬁ TR CER SR AR :{) N *Ef'%’bg‘m I =) ;{ﬁ:f?{;g
ST LA HER o AT AR P hL B L et TUEASE (R E 1 2h Tk

BItlCr&Ewd hh) k- BREFFLBETLIERRE

4.1 pEd A5 IR

Por AR BT E el kY AR BB 4.6 fro 0§ FHEEL S €5
BT EJEAR R 0 4 5] 5 lal. Dewngsampling 2. Hanning Window -~ 3.Short-time FFT

processing ~ 4.Normalization ~ 5.Moving average > 4 %] &gt 4o

EEG Data
: Hanning Short-Time FFT
Down sampling ——» . —»
Windows process
Moving

F Y

EEG power <+ Normalization
average

Bl4.1 ~ % T B R i 42 B

1. Down sampling

B Vi FAURIEALA B 0 L ME RTPE S F 45 64 Bh o o O A A PR 3 0
e £ 43 25Hz 11T —rﬁ*};ﬁ—}‘ »om 2018 N A T A s E. B~ 1-25Hz - ’FI;}}%\B"’& T
12 5 64Hz hB~ R H4F 5 B_K 4o

2. Hanning Window
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d 3 dek 8 BE-EFFE 7| a2 %%{'PU‘}'F' g g XL R rﬂ% R
bR L § B AT T R TR Sl - B AR T (Window) S

Bco APk Y > @ F it g § * g0 Hanning Window R # i 2V P il § e o
3. Short-time FFT processing

2 T R SUBL U T AT R AT R SF S SR R A T g L R
Bt A P P 8 2 F 4 (Short-Time FFT » STFFT) #7758 d #-pF B & 71 e3n
BB LMEH B o AARMHEEG > AP EERI R ARMAY R MaES
(1-25Hz) % A M 2 452238 5 -

4. Normalization

G 2 Fa 0 L EEG A f)4

&

gy B AR RS T 2RIV H 0T o
5. Moving average

d AR Rl BB 0 F AT A AR R R
B Pk chiE > @ B - B e it o #rado Je BEG, 3 52 47 3% IT Moving average
(#8T3)7 11 L ie— HE S Flh A ST % 45142 1EEG fe2t @ 3 B 80 47 f
ROPET R o pER S OEREA TR A L B AT B
oo A A R R e R H T WA 900 B LN F R BB Gk enE o o7
PR 42 67 4 BEG 182 413 7 Movingaverage (8% 39) 5~ 128 8 (25)
1 EEG 2 5.4c + 64 8L (1s) thE fp % — B Window o 45 % s i3 192 85 |§ 6 B:1
A % 32 8L sub-windows » #F B sub-window & 1A F 1 E e & 64 BE > (T 64
BN FFT 8L 367 Ko 35 — ) ARG AR S Pl 5 Bod i B3 - ST ie2
6 HMEHT i B S T 4 5 FlE 75l Asn BEG S 0 bld4e R 4R - &
&[5 F8 e EEG Mg A 710 > A0 S 2 % R 0 Bd B eHE S 125Hz ¢
EEG # F#g3# P~ log ¥ 3| dB & -
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s >
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I_——I Frequency (Hz)
@42 II"S"{"' "i\.’@w
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- — !_ I A 1
AT A A I R e “”*%'“ ’ %ﬁ-'*fﬁ ’4-&'* A PRI PR Ao ] 4.3 6%

—'ﬁ/‘s.
L

v oo B A R gF’“-le.Z -ﬁ*xﬁ.ﬁjffﬁﬁﬁ—ﬁm'
Bt 2o %

RE 'Alpha » Theta j& 5 power ¢

» PR rTﬂI%- T _Alpha 71 power ¢ ﬂ?'&r'f *# > @ Theta sfipower § #*

g4 L, ~ o
- e -. = ' -
Alpha Wave
6 . - r 7
I | Theta Wave
I I
4 Sliglu mesiqess -5
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= :
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% Awake |
Ay ot I 14
I
I
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F A gk fE 4~ =0 Slight drowsiness ~ Extreme drowsiness ~ awake = B & & -
i R end SLIUELE B AR R men® 1 93] BEG # S dB B xR
Alpha > Theta % it Rk 2|67 P w0 e A Sk i > T B2 2 (8 A Rk L B SR B H B
k41 %R -

43 BEFAFRAKHT o

B pIRITISAIBY U R A 5 A £74] B(Smart Room Controller) » F 8 %% 74 B
(Control Point > CP) £ Bk # > 4oBl 4.4 o T 6 /] &840 WmP o

Control

Control

Control

Controller Point

Poimnt Point omnt

[14.4 ~ Smart Room ,# 27 1 Bl
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431 BREBE 24
R

B - BA RIRBEE A > APRGIZ BIA G F - B A E g
# % Control Point > % = B & 3 37 #] % 2 4 % Smart Room Controller » # {5 — i &_*
RPIREH F DRRRE o B3RS s e

1. % % #+4128:(Control Point, CP) :

CP i & p ek 4741k 7B &"Ef’%ﬁdW}’?m%”ﬁfJB”Z;'” AR
B R EoR % EE  AFER AAEREY CPEB RN T Uik 2 &
KL B TP RAERF P Ty PR

& F e £ o BiEiEa A2 7

2. A ¥4 B(Smart Room Controller)

3 & iy B R P G]#T 5 oh Control Point ik BB 7 e 2 T3 ELRJT 1 0

% o dp A 5 S CP RBRB R XA €D PR A FIRE R B FEESRE -
3. MRKA

Flafpdl B2 KA A 1EL SR T Rl B F & - BRI R Mp R

KL b Ao T LA F R Ao f RAEFE(RI-11) > & SR EL(WiFD) 0 23 F 4
MR o FE LR FRASEFFANCAES S JTALZE NG T b

B g Lie- Hah s

432 3 4B

3 #74] B (Smart Room Controller): i £ 5 iy % 43{c % P4 J2 20 5L AT B EJY % (4
,—L-‘% ;l-:—f‘ﬁb ,—L-‘% P — B m%{mé}ﬁ@w 8 g ¥ & 5@?17@"31&5;%\ %t’%_ ‘s 32:—_.'_#:']
IL%{@ /‘1%\ }é:}l a'\ i%\

31



4A33BBRXEHHNF

% B %% ¥4 B(Control Point » CP):d iz i F4| Bk ko ehdr i & o f323318 5B
BB EREFEESN 2D HEELFV B R L3 Ao 45 ST o

Air Conditioner

(A

4.3.4 FRE #

P N i Ay B VR N TR
BB R K EE R P R R A 2 XA R AR T RS L Z D
7 MR, > WiFi £ SR 0 7 2 § 4 S (Home plug) > T 4 B3RP iow f8 4 B 2

e

i

1§ &eE: 7 RI4S RRALREEE - TIPS % L FREDEL 2 d
WE MG GRFIELPR A TR E AR R -

2. WiFi (Wireless fidelity) & % 4 i > #_IEEE %_& - B & SR e il 2 1 ¥ 428 (IEEE
802.11) » Wi-Fi &3k % & > & — # Access Point (AP) > %5z AP #-3 B 1Lt eh
WiFi 3k & Bdedc k o WiFi 41 2§ G840 9700 73 F & AT el 5 MR
gL, e H @ﬁaa] LR =

32



4. =4 R (Home plug) :Eipf1* 7 4 zﬁg@@]g@g BEch- B3N 3 TR
&
=3

RRRA BIRG T4 MG o A By o M P R R R

T

ok =
S

;d’ )}" o

BRI T R R B o {1 RGPS AT R F A G

4.3.5 F i B+
Smart Room Controller ¥2 Control Point R 1% i 4§ & B> B e 4,18 123 3
BRI ARE 2 B A & gu i, DISCOVERY 2 2 COMMAND -

i
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S
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2. COMMAND
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Action: On
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API

ARM
BCI

CPLD
DMA

DSP
ECG
EEG
EMG
EOG

FHSS

FPGA

FSK

GCC

GSM

M- RRBRETAHA)

J <

Analog to Digital

Application Program Interface

Advance RSIC Machines
Brain Computer Interface

Complex Programmable Logic Device

Direct Memory+Aceess

Digital Signal Processor
electrocardiogram
electroencephalogram
electromyogram
electro-oculogram

Frequency Hopping Spread Spectrum

Field Programmable Array

Frequency Shift Keying

GNU Compiler Collection

Global System for Mobile Communication
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HCI
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IPC
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(0N}

PDA
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RF
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SDP

SoC

SRAM
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General Packet Radio Service

Host Control Interface

Integrated Development Environment

Internet Protocol

inter-process communication

Memory Management Unit

Micro Processor Unit

Open Multumedia Architecture Platform

Operating System

Personal Digital Assistant

Programmable Logic Controller

Radio Frequency

Reduce Instruction Set Computer

S ervice Discovery Protocol

System on Chip

Static Random-Access Memory
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USB Universal Serial Bus WP
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Texas Instruments TMS320C55xx core operating at 192 Mhz -
ARMD core operating at 192 Mhz -

TLV320AIC23 codec

32 Mbyte DDR RAM

32 Mbyte on board Flash ROM

4 Expansion connectors (bottom side)

RS-232 serial port

10 MBPS Ethernet port

USB port

On board IEEE 11491 JTAG connector for optional emulation
+5 Volt operation‘only » power supply included

Size: 5.55" x 3.54"(141 x 90'mm) -1 -0.062 thick - 8 layers
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R ERPEEE > 1D R AR AT DG (R R

#gor N kB F &% 3] 5 F (Compiler) ~ it % & (Linker) ~ 2 3% &
(Assembler) » BEE B kB o 12 ARM @ 3 > % x86 T3 T A 4 I kel (74 0
T ARMBEEHGT > F& A x8OFBETHF ARM RN RF &2 - BT 5
B %1 £ (cross-platform development tool ) ° arm-linux-gcc ¥ #-x86 I3 T 475\ /5
5 ARM 028 H158 (7 12 Snd¥ (cross-compiler) » & 2 )k edd 745 i 7 1235 ARM
R T o GCC Shi¥in A2 4o ] B4 #7771 ©

B
{Source Code)

b J
BT %
(Cornplied by Complier)

B &) =&,
(Ohject Code)

B R EEA g
(Lirk library by linker)

THATHE
(Executable file)

FIB.4 + GCC 4% A2
(2) A2.5% B % TR 3 DSP2 4

B DSP 4254 3 & #8758 LA £ &R B 74k &t CCS (Code Composer
Studio)[30][31] > 2.#_#% * Linux DSP Tools °

- fAEH CCS» #i- B =L &4 B %k (IDE > Integrated Development
Environment) > & 7 7 425" %3 FE ~ 4750 ",f% BILEHERE o CCS M- Rkl K
& %15 host & target 1 & » ¢ 3% TI 9 DSP/BIOS kernel ~ code-generation tools ~ fast
simulators ~ debugger ~ ¥2 Real-Time Data Exchange (RTDX) H it f§ i* & * #25% ehff
ol g1 BV o H B OMAP B * 425¢ ©
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@ BS E CCS #*# ;? DSP ﬁi}\ DA o L_‘.,’{"‘Lﬁi}\‘ o ’t”ﬁ '@‘ )J"F"fl’\ ’ -ﬁ 2 ‘ﬁr-ii
ZEERHEANE  HBiEAT 48 T4 ééi—%%iﬁ%%%’CCS?H?* k4238
RERE A 2 T pE e T A 3 AR T B AR L B

Design Code & build Debug Syntax Analyze
conceptual create project, checking, real-time
planning L p| wirtesource | probe . p| debugging,
code, points, logging, statistics,
configuration etc. tracing
file

t t t ;

BIB.5 ~ CCSAz % B K- Az

f1* CCS B 7% DSP 427 F% » & % a4 ARM 2 DSP * & 561 énfie § 11 & 2% %
CCS Az etk B e ML B > 4ot 4 v s T o B 425t o @ DSP hiniFL &4 C/CHr
= RY Y R C/C++é1’7.ff~ﬁn€¥‘$ fs B AL BEETT R4S o £ 5iF 2F B (Assembler)
A 4 $ 2 (Object)ty » 5 d d@iE B (Linker)deAdd i 859+ 3 7 COFF(Common Object
File Format)#%(1 .out % &% &) ¢

% = #4:E # > Linux DSP Tools » . #%# compiler » GNU > Tconf kit * DSP Jg *
A3t e

DSP/BIOS ¥ ¥ - B ¥ i=5%#+(Event-Driven) -2 # > DSP h)is * 425 1% i DSP
/BIOS Configure ¥t DSP/BIOS p e ] T3k @ DSP/BIOS i sife® 1 2 & % L ¥
PREE EERT RS  R A B fr 2l Sor MY 8T Y T
# P10 (TASK) % % ¢ * DSP/BIOS th % 4 (7 8 4 o

DSP/BIOS i & ALK 4 k&R & B* ko » 2@ ¢ 7 @ T fz( Real — Time
scheduling ) ~ ¢ # ( Synchronization ) > 2 2 HOST 4= TARGET 2z fF e1id 31 (4§ B.6
#7157 ) e DSP/BIOS % 38 57 1. 3¢ F]1 e % 3 i7 4 (Preemptive Multi-Thread) » » Ei‘h—l?\
% DSP ¥ 4 3 % Task ¥ » ipA4E R o1 (57 -R A Meh1 (59 87> FHREHF
## 02, A 84 % i* (Hardware Abstraction) = > d & 8 % & 4] s Svenpd 879 %7 o
i J" POl R % R G or Mg o R HIH 8 0 3. T 4 47 (Real-Time
Analy51s) AL o 2 *t » DSP/BIOS Configuration 1 & ¥ #-42 ;% e+ /] (¥ 5 if 1 e

o Bl® %5 7 DSP/BIOS & CCS } #13Fendk § o
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Code Composer Studio Target program
1E=1 Frameworks
Application algorithms
P Pu:rlo . Blua—i [ = ey kemnels
‘baild = iodls Components | drivers
BIOS Il : : :
kernel
Real-time analysis RTDX DSRBIOS
Host computer TMS320 DSP

BIB.6 ~ CCSEF & % & % 5

7L &k Code Composer Studio Getting Started Guide Rev C(SPRUS509C), Texas

Instruments.

B.3 BE4% < BT B 20N IR EIT I

OMAP 8% %~ i ffF o2+ &~ 40 ARM % ¥ § #3543 & DSP

o fs P G K OMAP B3 k3 o B 0 o g Bpsdp e o 24 i ¢ * DSP Gateway
e 4 ARM o DSP & 2@ S gE ~ 7 DSPang &% B 5P - 12 iR3F OMAP &
(e gt - - 4% ARM a2 & DSPP % - 8 B4 TRE 0 AT P
2 E(ARM)P#4p e - DSP Gateway[31]¥ A% g (Flp F i3 2303 B @ gl - 2 3

% ko ARM F# 7o f s & %0 - 2 API(Application Program Interface » f& *

A28 G ) > M if # 55 DSP F ik o & DSP &4 > DSP Gateway * *> ¢ 32 DSP F ko
Ygiw o T DSPF B4 /4 % o 23k DSP Gateway 2- 7 > o 3t i 3 & 7 et e
#1472 DSP Gateway /i  » £ 4c } 21 & DSP 22 ARM I & 45 ¥ % 1 (¥ (task) 3
B F o A AP L B A DSP &2 ARM F w2 3K T EEE 0 (DSP/BIOS)E 4% » 5V T3
i 5(ARM-Linux) % # 223 2. 7 % « Bl B.7 4 77 DSP Gateway % #9b 1% ] -

B ® 5 1) DSP Gateway ¢ 7 & 80> » L F & g o = U = e T

1. Linux %% 5@ 475" @ 3 &4 5 28 ARM 4258 12 % Sued v (system call)eh= 5% i@
# DSP o
2. DSP &V B o3& #3032 DSPtask ¥ 14k ARM BB Spd A5 @ % o
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ARM DSP

User Application
Program Task

: oo

Mailbox

DSP task device file Task API |
DSP device driver L
DSP/BIOS TSK
T / r 1
INT handier || R“wi m——

DSP Gateway Driver DSP Gateway BIOS(tokliBIOS)

BIB.7 ~ DSP Gateway & 5v2E ﬁé]%]
7R &R http://dspgatewayssourceforge.net/pub/index.php

& OMAP AU E ¢ 5 ARM 2 DSP-F 4% 3 @5 2 § = f6- 1% 6 Mailbox -
MPU(Micro Processor Unit) Interface(MPUI)? Share Memory(+ % s fft8) % » ;3\ k&
= » % DSP Gateway * ‘{J"l Mailbox 1 % She;re Memory * § 3L ARM £ DSP F# 2
3 @iE e 1T ¥ ARM B DSPLEAR 5 @ ks 85 5 (v f) 4

(1) Mailbox #+ :

OMAP5912 # 4 = % Mailbox %5 % » 4@ B8 #7% - — 284 ARM * » §
ARM 7§ FALH » Mailbox ¥ ¢ ¥ 117 $7(INT5)% DSP; 2 # & e | & % DSP $ §
FBepE o 4 g9 ¥9(IRQ10/11)% ARM » % — = Mailbox €£.¢ 73 B 16 =~ %7
BEE- B ARG Ry ME AR P AL R 6 A B 16 Al
B AL BHTRBIRY $TEIE B .
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ARM DSP
| ARM2DSP1 mailbox |

(command/data/flag) P INTS

DSP2ARM1 mailbox |
(command/data/flag)

IRQ10}

®B.8 ~ ARM/DSP Mailbox 3F* [

7k &k iR http://dspgateway.sourceforge.net/pub/index.php

(2) MPU Interface(MPUI)# 41 :

MPUI # 123 ARM Ao & sde DMA(Direct Memory Access @ 2 43818 5 B) 4
#] ® 22 DSP e DSP ik 540 i 30 e MPUL/E 12 33 B~ % i3 DSP sze 548 5 7 22 DSP
chiF g i o T ARM £ % ko DMA ¥ 12 30 DSP 313?] I 2 B B EEL .
2 %% 1% i Share Memory ek e78 H A1 | & 3 OMAP I & Traffic Controller £ = » %”ﬁ d
ARM ¥ DSP 33 4p b e 4 2 & - ARM # 2 = +4] DSP # MMU(Memory
Management Unit » 3= %88 ¢ T2 & < )E DSP #0173 Poip it 3o fidn- /i o

(3) Share Memory # 41 :

4 > mailbox ¥ i @EA B 16 =AM E Bl - B 1 AEEAGGE 5 &2 BE
<~ B hF o AT AipE & R d Share Memory 97 58k B3 < £ 7
Memory itk 177 $ 0] £ F OMAP _t 1 Traffic Controller i ;ﬁ— ARM £ DSP %
gl e Bt s o ARM ¥ 12324 DSP e MMU 3 DSP ¥ 14 35 Boid it se i 41 »

. DSP Gateway * » # i fliz— H.zz/f48 5 IPBUF -

Bl B.9 4 7= Mailbox 4= IPBUF % ARM 4 DSP 2. f¥ ififd 1% » ARM = chfg 3t
BT AL 4 DSP task AJLPF 0 4 & T % DSP o FALBE AT o g
e ;4 _block send 37 ;4 » ARM % i# % F 4L pF <5 Mailbox command ¢ T i BKSND
thé £ > £ @ @i BID(buffer ID)% DSP e ARM £ i T » ¢ £ @i Mailbox
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command > i&P¥ ¢ 7 Mailbox # #7(INTS)A 2 » ¥ fcic B 4 4 - 538 interrupt handler
2 DSP task fc [z T ihé £ 0 T ¢ F] Mailbox command 42 & 45 2 IPBUF
P B8R AR F AL 56 o DSP B B 15 - 1% % % iR o F R0 ARM
B ER LT e £ ik > DSP & Fleng % % 3] IPBUF # - ARM v j&_IPBUF
B {7 DSP AJE (4 thF AL -

ARM ARM2DSP1 mailbox DSP
Command
User > > DSP
Program Data (BID info.) Task
4
® Get IPBUF’s BID

IPBUF[BID]

Write data into DSP Task get BID
IBFUF and get data from
IPEUF

BIB.9 - ARM/DSPP <R & ﬁ;f];;b}gq B

7k &k iR http://dspgateway.sourceforge.net/pub/index.php
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