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Implement a real-time Human Face/Sound
Source Tracking and Speech Purification System
on a Dual-Core platform

Student :  Chi-Young, Huang Advisor: Prof. Jwu-Sheng, Hu

Institute of Electrical and Control Engineering

ABSTRACT

The thesis describes an implementation of human face tracking, sound source
direction estimation and speech purification on a dual-core platform. The system
can perform real-time tracking of human face, estimating the sound source
direction and enhance the speech in that direction while depress the noise in other
directions. The development platform is TI DM6446 EVM which is an embedded
dual-core system. DSP core is responsible for algorithm realization. ARM core is
responsible to control the system peripherals. The image is captured by a PTZ
camera and the sound data is acquired by digital microphone array signal
acquisition system to get multi-channels sound data. The system software integrates
Voice Activity Detection Algorithm (VAD), Multiple Signals Classification
Method (MUSIC), Adaptive Beamformer and Mean-Shift Object Tracking
Algorithm. Using the technique, we can build a human-robot interface with vision
and hearing. This system can apply to video conference, home guarding and robot
etc.
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stepsize o @ p FRE B B E(13)58 T £ 5 B(13)NE RV F

Jw)=0c2 -R; w—WR, +WR W (15)
B EWRIWE ] o HASNBY, #F

vV, J(w)=wR, —R;,

(16)F12* » 4 7 3 w AL J(w) B dcha™ e B35 B 50 2 > AL 9B~
p=-{V.dw. )] =Ry -Rw, (17)
* AR (17 B 5

w, =w,_, +z[R, —Rw,_] i>0 (18)

B B R, foRT W HECY) ST R i

Ra =d(i(i) R, =x(i)x(i) (19)
A1) T B A

w(i)=w(i—1)+ " (fd()-x(wi-1)] =0 (20)
F]- > LMS Algorithm ¥ £F32 4T

Filter out 2oy(i) = x(iw(i) (21)
Error function : e(i)=d(i)- y(i) (22)
Update weight : w(i)=w(i—1)+ (i) >0 (23)
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2.3.5 Normalize LMS Algorithm

ELMS w5 iE ¢ 0 50 ik B TR p e L R G * Armax
SR, bt AR 0 O R B IR B 01 R R i A R A4
MFES G R det A TR DR R S o TS f i
EE A MY - w52 > Normalize LMS Algorithm[12] :

Filter out 2oy(i)=x(iwli) (24)
Error function: e(i)=d(i)- y(i) (25)
Update weight : w(i) = w(i —1)+M i>0 (26)

7 +x ()

¥2 LMS i ¥ i# v* &> Normalize LMS % 572 7§ & { #7E € o384 7 -

¥’ RF opk AP HY o 0<a<2y - B endic B

y+x ([x(0)

Y AR A A IR 2 F 0 4ot ¥ Fr % Normalize LMS % 5 /2 JT &t o
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I35 4G BOF B 2 (Mean-shift)[14] 8_— #&4 #& & 5 2 # (template
base)sn ¥ * B L BT B 2 0 A A MG H SR B R B e A
W TP AR R Y B i e T A BRI RIT o
W R R § R D P R R B AR e (T 2 S

& P 1&1-7] (target model) » #-4F 4 " AR 5 P %1% E X (target candidate) o

e L =0GU o w2 BB Y M AR E Bl

.....

I :3:;:2 i "Z\',% v T Iy ={yj,V,-},-:1 = P i A B H? N: ¥

.....

2

FEBGF R JEEFBBGF AR X, & Y ARG TFETR
mE, APRILZELLE B BERF(bin) 0 U & v, RIERLZR
2% A 0~B-1% SBRE o

TE pXU)E P EBCR A S S fiee @ B ATSETL H o
#ic(kernel function) > #c & 44 F

o[u—b(i)]

p(x,u) =

1/2

1 T -1
| M exp(—E(X—UP,b(i)) (ZP,b(U) (X_upab(”)]
v

- 2”‘ZP,b(i)‘

AWZK (X=Hp p(i)> Zip i OTU —D(1)] (27)

He i) &% i BHFTHNd LRE K, 5223 2P Sl Hpy
R P EFAF GRS B3 b B L% F enifcE 90 mean vector 0 @
2pp Pl 2 PR B G R B B35S b B4 4% I ehifck o0 covariance
matrix * m § & Kronecher delta function °
BEF IR SIS
N
( X2 y) ‘](y)_ Zp(yjavj)
j=1
1 o ]
- ZZKP(yj _uP,b(i)’ZP,b(i))é‘[Vj —b(i)] (28)
NM j=1 i=l
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R R RAP AR RS E o Fl S FARAR MR~ SR EAR S .
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model

B 2-8 B EF kA H T X B
B AR P R BB ARY ¢ AR Pl e Ry HBS o d o
4o @] 2-8 #7oF 0 Bl E b B4 A4 B el § idF T R T
Hebi =X =Hpp —Y (29)
Mp iy =Hpp) ~Y X ‘ (30)
#-(30);8F ~ (28)58 ¢ 7 {F4p B s

ZZKP(yj _HP,b(j)+y_X’zP,b(i))§[Vj —b(i)] (31)

j=1 i=l

1
=3
AUAPEFHI - BYy e 2R EIY)ERS ,]*mﬁ“' By =EiF
JY)Pt R E3E -

Vi(y)=0

N}\/I ZZ (ZPb(l)) (Y —Hppijy TY =XKLV, —b(i)]=0

j{ Z( Pb(i))_lKP5[Vj_b(i)]}(y_x)=22( Pb(i))_l(yj_UP,b(j))KP5[Vj_b(i)]

j=1 i=l j=1 i=l

= {ZZ(ZP,b(i))_I KP5[VJ _b(i)]} {ZZ( Pb(i))_l(yj _“P,b(j))KP5[Vj _b(i)]}

j=t i=1 i=l
(32)
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j=1 i=1 j=1i

( P b(i))_l(yj _UP,b(j))Kpg[Vj _b(i)]}+x

(33)

KP(yj ~Hepi) T You _X’ZP,b(i))

1 —
exp(—z(yj iy Yo =X (Zppi) =Ky +You —x)j (34)
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AR o - P DMOA46 S § R AL kS T OB~ B R R R L

AN~

Lalb o DR O SEECR S B b 1T > Fp R BB S kAT R
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MR G £ & enDM6446 EVM A R ALEE o
B DMo644x processor with an ARM processor operating up to 300 MHz.
and a C64xx DSP operating up to 600 MHz
1 video input port, supports composite or S video
4 video DAC outputs - component, RGB, composite
256 Mbytes of DDR2 DRAM
16 Mbytes NOR Flash, 64 Mbytes NAND Flash, 4Mbytes SRAM
AIC33 stereo codec
USB?2 Interface
10/100 MBS Ethernet Interface

312 iz ¢ b B3 AEHER LN

BN SR A B R ks B BN R R~ RS
HAEF] S 3% 10 & FPGAR T g2 ,,;Hﬁhﬁ]—ag& ST A w A
JECETINE A= N
SR N R i\*’*’ﬁé};ﬁ f’rﬁﬂ’? T B EmIP PR
T#?];FL?]35 g]‘i i@:l“}m& 2 agr s HoP g e
1.2 MHz - # # 1-bit mgm#;wfb

23
V:vce ] & imm
D : Delta Sigma o —
G : GND © =
C: CLK v

&

B 3-5#cim g b SRS SR



Wb SEEFRAFAATRE ) FREEE L EE AD
B AT RAEF S LR B A s TR
BFIEH e 2 5 B PR A/D B B s AR o ApElg
NSRS R R MR B ADERETRMRI F R
PSRRI (R S
R4 RAES

Bl 3-6 5 R5 4 RALIN AR LA M ERFE S S 90mm
Tt - ARG AT B SR o B AN B LR 45 R4 o
O 3-7 SR RAEI] o BERESY S b 2T AL -

25

B 3-6 R4 EAE A Gk 3B



B 3-7 5% BN F LT HE -
[ S ST - riyuﬁﬁqﬁkﬂﬁr- m
xB %% > 4

' "-‘_’f;ié FoRh RS TERE o pIE
B F.it"my@pmmg %
FPGA 2% £ - 77%,%4‘-““,@«6 cUO B 45T S e g

76 B Hieiz ;NS
DM6446 EVM ez r 3 ¢ 31 "@gw EETTTERRe TR

/O ¥ 4 % & & & = 8 regulator 0/ & > #-5V = [.8V iEdciz 4 &
Soh LR o

REREREEEE

B 3-8 VO3 %~ (=W
N FPGA A #

=N
"l‘*
=
A
=N
p—



FPGA #¢ i* i@ * ¥ _ALTERA Cyclone II % 5|0 EP2C35F484C6N
e od FHOSTTEF AT KK o 21 5 1lemx8cm e 4@ 3-9 -

313 fndu gy &

T g s ) né"ﬁ }ma,ﬁ :fma
m PTZ EBE _f

B 3-10 5 4 sbrseg :?“h.d]mSONY EVI-D70 PTZ &% -
NTSC £ ftt 58 » 7 15 i RS232 4 2 17 PJR5 40 4] » kT ek §
170 B » + T8 1 § 120 B

Bl 3-10 SONY EVI-D70 PTZ ##° 1%



m $4 TFTLCD ¥ %
B 3-11 % & S8 6§ 21572 * 3140 EverFocus EN220 5.6 74474
TFTLCD # ¥ » % NTSC # ifte 58 o

B 3-11 %3¢ TFTLCD ¥ %
B JTAG # £ B2 JTAG ¥

Feir A% >+ XDSS10USBITAG # £ E & DM6446 R » #ik 5 ¥ [ o
PIN #%riic (20/14) ~ % R & pFi% o B3 4258 048(CCS) ¢ & 3.3 #oilik

> L4

Bxaiigo

> 8. _ A2 _ W a_»
4 4 a323d.0

14
A
001

®) 3-12 XDS510USBITAG i+ & % B 3-13 JTAG# x4+



3.2 AAY ks

Microphone
Array PTZ
“ Camera
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|

} { |

Camera Control Signal
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- BB AT D PH T IREPCRE T R BB N RS
B~ ] gh g X P PR AR B F L F 7 g BT N kR
Bafest > m g ERIFRT - SPCIE L 4t r 5% 5 bfe ;S B ahtk g o 2
i * TI #% = MontaVista Linux V4.0%L 2 DM6446-L ~ ARM=4 m«;]‘,% PN
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Code Composer Studio (CCS) 5 TI# - 2 E &R EFHRE F B
R B RE CHFT R b g e FEE L pha L o
ARM #8428 % 2 A Linux 8 T B % » & DSP =42 P £_F & 151§ CCS
B €A TF#* CCSV it i§ Honv $rie:\ ¥ s R p 30 &
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3 & | TR RheRY B =g SE( 404
|tesﬂ.pjt ﬂ|Debu\g J @ g LU jﬁb ] E 8 @ s
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| | =53 GEL files .
{ B DaVinciEVM_dsp el #include <math.h>
I £3 P lmc g #include <stdio.h>
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A RIEFAR G E G Y L BT o BNE ik E & P58 LCD
FH AT o GRS AR IS 5 B ey~ e S g
B 7 — 1% pthread #4 7 X % i BUF 5 72 » — B pthread @& 48 PRI
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i ¥ b MBS FPGA T 528 - £ B 3 DM6446 T 5 i
s e 2kt o FPGA %4 1 & éz«ﬁi%J » i % efr 1-bit FKL IF Decimation
FeJ2 0 2187338 & i p R 2 ping-pong buffer > # d ping-pong control 4c
4] o & § ping-pong buffer 3 % FF > FPGA ¢ i 4 full 5 &
DM6446  DM6446 B ® 453% 1! rdaddr(read address) » FPGA #41393 ¢t rdaddr
B o FtE S o 29 rdaddr ¢ 7 osel Tk § 1 BiE ¥ i > rdaddr

EARARG - M 7 8 B iE TAlae Rty o

FPGA i & # % ¢ 7 Decimation ~ Ping-pong buffer ~ Ping-pong Control ~
Decode & Multiplexer » ¢ *t ¥ 5, Clock,Divider &2 debounce - » 1™ #-
- - iR H o Bl 3-19 5 FPGATAIE 7 457 BB

wraddy [7:0]-
| Wrenping.

Ping-pong Control.

MIC L. O_’ Decimation.
MIC 2. Q_’ Decimation.
MIC 3. O_’ Decimation.
MIC 4. O_’ Decimation.
MIC 5. Q—’ Decimation.
LT S r—
MIC 7. O_’ Decimation.
MIC 8. O_’ Decimation.

Bl 3-19 FPGA i & 7 7 H5F

rdaddr [7:0].

Ve
-«

h 4

Ping-pong buffer.

v

Ping-pong buffer.

v

Ping-pong buffer.

rdaddr [11:8].

v

Ping-pong bufter o
gpone ) ] data [15:0].
Decode & .

vr

DM6446

v

Ping-pong buffer. Multiplexer-

v

Ping-pong buffer.

A4

Pmg-pong bufter-

A4

Pmg-pong bufter.

1. debounce : #* #- ¥ 444} reset 3 ELEA 0 P e E Fr iR reset 3UELA € AL

e T 3 A SRH o



Clock Divider : %} % B if % *% £ 4T 8 1€ > = % 3% # 20 MHz ~ 12
MHz & 16 kHz = f&p57% - # ¥ 20 MHz * % i rdclk(read clock) » 1.2
MHz % & A fici & 2 b > 16 kHz B £ 8152084 4 cpheg o

Decimation : 3 & 4 = i id Jg & % (LPF)£ *% #F (Downsample) & B %

>od @i $ b 1% Sigma-Delta 3 % » #-+

\4

RAN 3234 B A HeE
BAAEY > B ML gk FLERE T H "f%% 2 A A
B R fp(aliasing) 0 354 KBt F LR M BREZ - o A
Ml gk B IR Jpik Bk 3B~ 0 B A FIR gk B ek 3t
EEEEE R WG E Bl doBl 43 o d o TR ik BT A & A
BERG 0 R 0 RAFAIVREL A polefﬂﬂfﬁ}xaﬁ 7] o gt
- kO T BB IO ATO Hz 1 T )R B F ki Benit @ 4 o i
AR FEI o

FARIR R d 1.2MHz %2 5 16kHz » F"845 75 & -

(a)
. 1
mmput - - I > - output
p —> 1_(1_2710)271 e l 75 > l—Z 2 > p
(b) input____ 11— Z’io R l - youtput
A

8] 3-20 Decimation = 3. ] (a)lIR (b)FIR

Ping-pong buffer : Buffersize = 256 (Int16) > i% & wrenping 2| %7 3 #13%
3% B i ping buffer & pong buffer ¥ - & wrenping = 1> R & 7 T+

#® » ping buffer » > @ pong buffer F#L ¥ 3§ B~ o FHL G » HpFIR L 16
kHz » @ 3 B~ 3 L ehpF 7% (rdelk) 5 20 MHz -

Ping-pong Control : i & # 4 wrenping ~ wraddr ¥ full 3t 5L - wrenping
B4 & i i 2 ping-pong buffer k 2| %73% B < buffer - wraddr 14 f§ ¥
PEEA A REX LU 2 ping-pong buffer B ~ TRz E o full



ELR] E_f ping-pong *F #EPFA 4 5 102 5 DM6446 $RB~ T AL - full 3
gL 2E = > ¥ ping-pong *7 3% 3 HL(wrenping) e 0 G Se » — BhL I
FEFRFRE % 2 o

6. Decode & Multiplexer : #] %7 DM6446 #ij » cirdaddr > 17 5 $3 fis il

3.5.2 DM6446 §

HDM6O446 L a5 > N B B THRETARL LS - g
vk e B2 P oom T LB iEH 2 b h 2R R A 6o b vh IR B
PRP-#-5 T4 o d FPGA =3 % 1‘#— g7 iv FPGA ¥t~ — B~ /] 5 4096
bytes(8 channel x 256 buffer size x 2 bytes)srzz 48 » e d >+ * ping-pong
P4 > FPGA ¥ %+ 2% % 3 2 4 ehze B4 2 (8192 bytes)

Generic DaVinci

Address Address Space DMG44x EVM
0x00000000
ARM Instruction RAM ARM Instruction RAM
Ox00040000
ARM Data RAM ARM Data RAM
0x02000000
AEMIF CS2 Flash/NAND/SRAM/DC
0x04000000
AEMIF C53 DC
0x06000000
AEMIF CS4 VLNG
0x08000000
AEMIF C55 VNG
0x80000000
DDR DDR

B 3-21 DM6446 ;= a8 =% 7 FF R B
F Bl 3-21 5 DM6446 cizefpfd =¥ 3 BB RI[18] > @ B P v g it
fedh oh IRze B A /1 & (AEMIF) ¥ & F] chzs 48 = % 4 0x02000000 |
0x08000000 > H # AEMIF CS3 (0x04000000 ~ 0x06000000):% ¥ 3. ¥_% &
T4 %8 e DC(Daughter Card) » $iz 5 1§ & 340 K 22 FPGA it 3 » F)pt 4 2_i#
* AEMIF CS3 izh.ic it =% 2 B3 R I FPGA > m AF %@ * + » 4L



£t DSP sz i a e
— B ] & 4096 bytes 7 B

4 dept A

% FPGA & 4, &0 full 28> — e full )4
T o T F] 322 5 AEMIF DC 9% = 44 s [l
Je i1 address bus m EM_D 4 %+ <5 data bus o

® A% % (cmd)”

d

) l}L E& A"ﬁ%ﬁ

Fi 1% FPGA 4 T 4 i &

AEMIF CS3 =g ¥
E REFZTEFPGAREALE
CalES

R AR

—\\

S TR AR
r'-»FT\‘_}
(18] &

Pin & Signal | Pin Signal
i BEM_AZI 3 B EM_AZ0
3 B.EM_ATS 4 B.EM_ATE
5 BEM_ATT 8 BEM_ATE
7 B.EM_ATS B B.EM_A14
B GND 10 GND
1 BEM_AT2 12 BEM_AIZ
12 BEM_ATT 14 B.EM_AID
15 B EM_AD 18 BEM_AS
17 B.EM_AT B B.EM_AB
19 GND 20 GND
21 B EM_AS 22 B EM_Ad
23 B EM_A3 24 CLE_EM_Ad
25 B EM_AT 28 ATAZ_EM_AD
7 GND : GND
28 ATA_CE1 ER ATA_CS0
3t ATA1_EM_BAI1 2 ATAD_EM_BAD
a2 WRITE_WE Ex READ_OE
35 WAITIBU 38 | INTRQ_EM_RNW
a7 GND EE GND
a8 EM_D15 20 EM_D14
21 EM_D13 a2 EM_D12
23 EM_D11 44 EM_D10
25 GND T GND
47 =M_De 2 =m_Ds
28 =M_D7 &0 =M_De
51 =M_D5 52 =M_D4
52 GND 54 GND
55 =M_D3 56 =M_D2
57 =M D1 5 =M_Do
58 Em_Cs3 &t C_EM_CS2
81 | 16V.5Y5_RESETz 2 CLKOUTD
a2 GND 84 GND
5 VCC_3.3V 86 VCC_3.3V
87 GND B GND
88 VCC_5V 70 VCC_18v

8] 3-22 AEMIF DC %r i ¥t & B

A £_DM6446 *
| DSP p 2745 3%
® BEM_A ¥ % %




AEMIF[19]data bus % /& 7 8bitsi? 16bits= f& ¥ % » d **FPGAF # %
7V E_16bits(intl16) » #7112 AEMIF4f & ¢ * 16bitssidata bus g A& - AEMIF @
B BT plen s i d AR G R 0 ST R A EE 2R R
RH - %o & - BB B~ RSB R A L 2 B E 0 4 5] A Setup

Fo £ ~ Strobef £ ¢z Holdrg B2 > & — Fp o35 — ) s Bindl & reBops
BER FEOFRL R S %3 % E % AEMIFinternal clock rate » & g
internal clock rate§_7# ¥ 4Fe o d 3MFPGAF AN P p (7K el 48 > 7|0
DM64462 FPGA c738 20 54| ¥ 11 7 = 2> BB % AEMIF e | sk id > #rr 24
e #%%ﬁ d 4 w3 E-Setup ~ Strobe ~ Hold= F# B pF R % 4¢ 2-AEMIF:# & &7
FPGA & i - 2 912 :zLinux kernel #2374 &k 4c B-AEMIF:& B > Az @ 40 b
% Asynchronous 3 Configuration Register »* # 5 B 3k T30 > T &
(Asynchronous 3 Configuration Register ¥ /& ] AEMIF CS3)> 32Bits# 15 &
PABUtH BRI ERT I T £3-11F o BeeBit 1-0¥ 1233 A data bus F
B > @ Bit29-4 ¥ 124 - ABMIF ST B4k B o

Bit | Field Value | Description

| 85 Select Sirobe bit. This bit defines whether the asynchronous interface operates in Normal mode or
Select Sirobe mode. See Seclion 2.5 for details on the two modes of operation.

0 Normal mode is enabled.
1 Select Strobe mode is enabled.

a0 EW Extend Wait bit. This bit dafines whether extended wait cycles will be enabled. See Section 2.58 on
extended wait cycles for details. This bit field must be cleared to 0, if the EMIF on your device does
not have a EM_WAIT pin.

0 Extended wait cycles are disabled.
1 Extended wait cycles are enabled.
20-26 |W_SETUP 0-Fh | Write setup width in EMIF clock cycles, minus 1 cycle. See Sechion 2.5.3 for details.
25-20 |W_STROBE 0-3Fh | Write strobe width in EMIF clock cycles, minus 1 cycle. See Section 2.5.3 for details.
18917 | W_HOLD 0-7h | Write hold width in EMIF clock cycles, minus 1 cycle. See Section 2.5.3 for details.
16-13 | R_SETUP 0-Fh | Read setup width in EMIF clock cycles, minus 1 cycle. Ses Section 2.5.3 for details.
12-7 |R_STROBE 0-3Fh | Read strobe width in EMIF clock cycles, minus 1 cycle. See Section 2.5.3 for details.
54 |R_HOLD 0-Th | Read hold width in EMIF clock cyeles, minus 1 cycle. See Section 2.5.3 for details.
3-2 TA 0-3h | Minimum Tumn-Around time. This field defines the minimum number of EMIF clock cycles between

the end of one asynchronous aceess and the start of another, minus 1 cycle. This delay is not
incurred by a read followed by a read or 3 write followed by a write to the same CS space. See
Section 2.5.3 for details.

10 | ASIZE 0-3h | Asynchronous data bus width. This bit defines the width of the asynchronous device's data bus.
1] 3-hit data bus
1h 16-bit data bus

2h-3h | Reserved

% 3-1 A3CR %73 Bx% %4
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T g | TIEF R EaE | TP 2
Fg (dB) (dB) Wkt | B ekt
K RET -17.624 -23.124 5.5 |
1 | &g -17.574 -31.11 13.536 8.036
v -17.802 -22.732 4.93 |
5 | -18.436 -33.588 15.152 10.222
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