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Adaptive Playout Scheduling for VoIP with Sinusoidal

Time-Scale Modification

Student : Shu-Lin Tsai  Advisor: Dr. Wen-Whei Chang

Institute of Communication Engineering

National Chiao Tung University

Abstract

For real-time voice communication over internet networks, voice
packets are buffered at a receiver’and their- playout delayed in order to
compensate for the network delay  jitter. Three adaptive playout
scheduling algorithms, one"per-talkspuri-based and two per-packet based,
are examined for a trade-off between average buffering delay and late
loss rate. For per-packet based delay adjustment, proper reconstruction of
continuous playout speech is achieved by time-scaling individual voice
packets using a new technique based on a sinusoidal representation of the
speech production mechanism. The proposed time-scale modification
involves the manipulation of functions which describes the amplitude and
phase of the excitation and vocal tract system contributions to each
sine-wave component. Our network simulation is based on a single-server
queueing model in which the impact of the internet traffic on a periodic
stream of audio packets is approximated by a batch Bernoulli traffic.
Simulation results indicate that with the aid of sinusoidal time-scale
modification, NLMS-based scheduling algorithm improves the playout
speech intelligibility with the best trade-off between buffering delay and
late loss rate.
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p, =t +D" » (2.3)

B DLWk BT B e nE AR o
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// AR-based scheduling Algorithm

1. n,=Receiver_timestamp — Sender_timestamp,
2. if (mode==NORMAL){
iflln,—n_y[>2|v, [+20){
var=0; /* Detected beginning of spike */
mode=IMPULSE;

/
elsef
var=var/2+|2n, —n,_, =n_,{/8;
iftvar<=8){
mode=NORMAL; ./* End of Spike */
N ,=Hn_,;
n_,=n;
return,
/
/

3. if (mode==NORMAL)
d, =0.125n, +0.875d, , ;

else

,=0.125|n, ~d,|+0.8750,,
4. n_,=n.;
ny=n,

return;
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92.3.2 H it g Bk
L3k YR - 4 (per-packet) HiE B x4 B B MR 38 o
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F_&

Bite cnuf > T - Bt NFHER B BRY FE L

x\«

TR FERAT A T - B L AR LR FEA T O

WA K T G R 4 e B i

HEow BiE RBRAEE > n om0 B A FRET
5]
D'<Di<..<D*> (2.9)
RlppeadBnd A 08 r B BT D SIS

F(D’):P(nSD’),r:l,2,...,w o (2.10)

E(F(D")): L =12, w (2.11)

w+1l

PR R T LD 2B R RACR D LS

AL P o AR A B S PR E 0 4 » B B0 i AR
Dozmax(Dl—an,O) ’ (2.12)

D" =D"+2s, > (2.13)
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He s %n .0 ,n, stk X (standard deviation) o i ¢t {8 3 3% &

i—w+1? T ti—w+20

i B B R B 4R S A w5
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r
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TBAHE T Lo 5 fRAR A S i MY (wH+D)
& B 3 w/(w+l) ekt AE o

APt R EIR Y Kb AL F MR KT B - Bk

\4\-\

FE TR BED 2 R AR RIEF o T - B AR K
fﬂiiﬂwﬁiE(( )}q e g 4 D o d (2.14) 5 T @
DI R 5] f:L(w+1)(l—é)J v Atk d v D2 DM en
NIRRT

d,

i+1

=D+ (D" =D )[(w+1)(1-2)-7] > (2.15)
&ﬁuﬁfgﬁ;é@mwﬁé’p*%éﬂﬁ%ﬁ%{ﬂﬁ
RY DT RL AR S S @R R R0 R AR D
WEYE e F|P > BHFBUE B o/ X F 2 B enPii s TP AL o
- BUHFEOEELSF T A - BRA D w AT R AR
BAFrNEFREH P ORREE TP o wanE R AT R
2R RREENER L FE ARERAEIF BRZRFEREYE
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BTk - I 5 [B]) R i etk B N2 R ARRI e
e ) rﬁﬁfi{bﬁﬂq}ll PR BT REE H R Bkl F At

HFE b TRR R R VLR BT R R T 0 p R sy

Sk

ST IE

=i

/ d(k)

7
x(k) _ _ v(k) T ek
Adaptive LMS FIR Filter =

i

/

Update tap weight vector w

Bl 2.5 F Ritimit B 5 5L B

)

ol
=5
IR

B FRERABFEZELFAY LELE2
PO ABRP S RFETEpIrRIEZFaus WY EE T o

W IR T - 3 PUREFESR(FIR) A Y % R F R4
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hAhe ? oo g AR S 357 (Normalized least mean square,
NLMS) i & i % taif il e 5 § B it BIgpEd v
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i

-
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Mx1 3R ﬁjﬁ)ﬁi'&;ﬁiﬁ‘?’g' e £ Ei:{ni—l’ni—Z’”"ni—M}

2@ 723 MBRERUEETS

Ik

o

Tk Behiidce £ w9 NLMS i 8 J2 17 { 370 (%

HoP o 5 rEk (stepsize) * [ lgra=B i) e Bice @ Bt iEA e £

HY p 52 d AW 5% i B4e prouEmy SEEIFRE - 5300
Bt BN R ey, 2 W > PIEAS Y o fEIRE 2 a0
(2.6)e(2. ) &18 -

B 2.6 &t 7 % % g spike 1 B|# i ch NLMS 5% 5 2 58] ks
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WERAFRE spike e - @it B < - g o £ & ospike
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Tl BB gARRAR ] P 2NN R N gt R
BWRIE By, o T EIR G spike R OEME R BE S o 50
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80t N
@
£
2 60}
a
40 g
20
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56350 3660 3670 3680 5690 3700

Packet Number
Bl 2.6 NLMS #2555 2
A FHNT o NLMS B 2 e & % 25 et fic § h3giplut
Boga- B RLAANFT EopRUEA - BulLATE- BIR

A @ o Bl %7 5 spike 5% o fspike #5580 i NLMS & & 2 %
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FERB g o PLb R e r — BIEE S L7 A EAECAEET F s
LR G F T p R B R B ] ehebas B (TR B enT oA
£ NLMS i 8 2 5l kehag i d 2 B A 03wt g > T

24 spike fiesV w Il R BosS o B 2.7 B 4o+ ospike 1 Bl en NLMS i

F el S o T G ovae R MR o

H

12{] L] 1 1 L]
—— Network Delay, n
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= 60
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o
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40
20
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Paclket Number

B 2.7 spike i ip/4 NLMS & & ;2 ch 50

B i » NLMS ;&% 5 /% b 3248 55 25 4o ™ #757 ¢

// NLMS-based scheduling algorithm

~

d,=w'n;
ARdelay, = a ARdelay, , + (1—a)n,;

di—ni‘;

v=av,,+{1-a)
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if(mode==SPIKE)
varfactori= f14v,;

D, =d. +varfactori;

if (D, < ARdelay, + pv,)
D, = ARdelay, + v, ;
end

else  // Normal mode
varfactori= v, ;

D, =d. +varfactori;

end

// if end-to-end delay < network delay
if (D, <n,)

packeti=LOST;
else

packeti=IN TIME;

end

if (n,>d,)

mode=NORMAL;

end
if (n.>d. +5% Jor(packeti==LOST)
mode=SPIKE;

end

// Update Adaptive NLMS Filter Tap Weights

e=d —n;

Wy =W +ul(n

IS

+a)ne,;
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3.1 FREHF R

FREREY LS N AL ASEE L WIS
EEFE g b d R B AE LI L B,
B XA AHEIER ©
3. 1.1 gk & 524 47

AT AT ook HR AT g R B £ RE o B
R G ELs)Ad B2 s e) Sl - R RA B A(r) £
2o g UBLIRR AT T g B Blde B SR d iE S iR
Fork e BEFED oBRm BEghA BRI LR Rt i

Booe & F ERGEEBEREF ORI N o 25

Wi

R S RECRR L s S ERE R

o

B
HESMAAT 27 3

so)zﬂho—f¢y4ndf (3.1)

34

b/ BEFERAY T RRFE AR e - 224 7 kiR

1§ A Z Apend sk Apde @ S 0 B e)T B

K(t)

e(t) = Z%mcmqumawum (3.2)

B oq () 0 w(t) 0 Q) A S % k Bkt $ R chigcs 4Rt~ AE S 2

M T PRI EE RABLEFIERS
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H(w;t) = M (w;1) -exp[jy (w;)] (3.3)

d AP L siahe R 7 75

K(t)

s(t) = Z a, ()M (w,;t) -cos[y (w, (¢),1) +Q, (¢) + J; w,(o)do]
- (3.4)

K(1)

= z 4, (¢)-cos[d,(¢) + j;wk (0)do]

et
Ar'S

A, =aM(w,;t) (3.9)
0, (1) =y (w, (1).1) + Q, (?) (3.6)
d T s XA SRR E T U - B e iRty IR K R 4R 1

A RES o

3.1.2 34 ~ 19103
BT IR D SR AT LIS 0 - B IEU Y R nE

7

W

B o F 5 T HL- ARIBGK & 2 48 T (short-term stationary) » @
MR LR F g f=(frame) 1F A pgR el = TER 5 fEp
2 B AR Teh(stationary) > 7t T A S B A AR R e A
2 P s AP FRE R 28 11KHZ SE S Bt 0 1 46.4ms SiE PR
(Hamming windows) % 4 47 » & 13.6ms {4 — =x » F]t & $7e05 =

ER L 13.6ms[1l] Tt ¥ i B 2R WE 0 T A Ao
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K(i)

s(n) = ZA (i) -cos[aw, (i) + 6, ()] ° (3.7)

Sl s - maRtg{4 ) RS {w e {6} > et e il 7 g
EREFFEH O ST ET RE- HEPFERF R EE L
(s g VAN SRS -

BiKEF B E.sm) s = %% 5 (perfectly voiced speech) » B £ T it
EHE R VAR G A ow, g 0 T w, =kxw, o RIpB ) B FL
(minimum mean-square error, MMSE) & B] » k45 18 F & = 5T 3
- B o AP A RE Y GRS WFLE AN

L ERAS TR M) B PARE ER R el o RF TR 2 EE
#& (Short-Term Fourier Transform,"SFET) »-{¥ 3]3% 5 #73% A(w) » £ 14
AR TR R E L 2 AR IR {4} 5 fe I THG H#E
TR RSB B Bl AR ] 0 B 3 0 EDE SR Thlic{c } B
Mﬁﬁéﬁmﬁﬁﬁﬁﬁo%@&l#ﬁ’é%%ﬂﬁﬁﬁﬁﬁm

Bl 33 Sl Ay @n el B BIPEAY

e > A AR A

Ji

B LR R O A i

S FAT FI AP T A Ak B F SR B AR e
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Bl 3.1 5 E£8BK 53 HE

BEFM kGRS kB ATHRSM 20, 0 4 (3.6):*2 B3 1V
B LR AR QB R BAD Ry, R BT o E K A R
B2 M S B AR K B (W) = M (w)exp[jD(w)] ¢ RIF 4 5]

I G T H R AR R AP 0 B ke T

log|M (w)| = ¢, + 2qu cos(Iw) (3.8)
d(w) = —ZMZ_:lc, sin(/w) (3.9)

o BEEI Bl ARk BER B R F e LB
/}J’ifélf_féﬂ:d»/ﬁ’&‘ #E '-—/’ ““lf'gjf%i- ﬁfﬁfﬁ»%étj‘lﬁf?@fo&r
B 3.2%77% oA B AR Qv d Ak~ W3 RiE 4oB 3.1

rm ool REE BRI R NL RS A gEEFT I Ak



/J ""‘#E (had ]F" ¥

F-- - B
-ﬁﬁ—%> [ AR Bl 2R .
I ——— b
Bl 3.2 kppizics
FEB T ES LR RE o R p AT AT
Q, =—nyw, + &(w) (3.10)
B gw) s A ol 3 Mo T R AR & A Ap 7
d T4
0,=0,+Q, (3.11)

TR R E R FE R IR R R AES R A T A Y

mly

o FHE G Glice, AT RE B F WP - WA RSB AR R o B

Bt Pt HE 33977 o fv »FFIMA L ERMELER & AT

B2 EFRD D RA KRS R P A R B A A e

kw, for kw, <w.(P)

o * " 3.12
W {k Wy + (k=& )w, for kw, >w, (P) ( )
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H¢ g =100Hz » k" Eak Wy <w (P)iE T 2 B £l

w.(P)
! AT i A ;
E A A E 4 4 E
: 1”‘\/o ' w, !
0 e kW, 7T
B 3.3 Wk &322 7 7B
# 1+ 47 & (cutoff frequency) & -
0.3757 #P <0.3757
w(P)=t_ (3.13)

7P otherwisw
PRI A S W (8 0 EF B R BendRAR 2 AP TPk (T T
kA R{M 2D} hE @A @ kA 0, T £ A3

L o

3.2 FEVHAE

W R P H S G P S R R gk 0 2 Y g
PR PO R s G G0 < B anE R 0 BRI ¢
FELITEEZ B ANMAS ARSI A2 T S EIA AT R L5
AECBELITRES D FRINDES T2 OREF RS

e :J,}E f%hﬁ{g\:%ﬁ’r_\i}%p j\g—ﬁ%}}—% i 75 °
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BRI I R P R ACR T 0

REFHEPEE iR AL AL E RS T A

w

FHEIEOERRFIR o 4oBl 3.1 o MERFERFATS Q9
BAIREER I B p(l) TAE > BFLDF LS 00)=p0)0 - F
p>1% TR R ihi £ > TREFEES  FE p<Ip T ST i
Mmoo Tho B R oo S AP RF R OF B B R B2

FEREE AEAEDLIDEIET R

M'(w) =M (w)
D'(w) = D(w) (3.14)
Wy =w,

M @'E\:EI?TW.“J#BP":’%KEWO H B Bt P4 ¥y ﬁ‘lﬁdﬁﬁﬂg ey

PhIRAR 2 AR B M, DE B R S A AT

Mlk =M,
(D'k:q)k

(3.15)

¥R URLE R i K A e R L R R @

FOF AR A S AR Bk 4 > N X
Bo I FE T 38 O AR CAP M Ao ATAGPE T > T L R B
4t e BRRFIEE R Q0 AFENF LR S O0()=p>0)0 -

Z%?m'g ’I‘E—TE B;i‘f\g L m,}%r’?{'ﬁpﬂ?»}%no v X ﬂ/}?f)%#g e

b

Q' (i) = —n'y (D)w, (1) + &, (i) (3.16)

B Ap iz

28



0'.()=Q" (i) + D, (i) (3.17)

I DR S T XA A, S

s(n) = KZ(Z:)M,( ())cos[nw, () +6' (i), t,.<n<t, -1 (3.18)

k=1
Be = "0() 5 8 &3 Rz e R o
FEBEG o P ERFAFEZY REF 5o TR
BEiEvr RIpe T - Bae R p, 0 FI R I BEE £
%%’é’%ﬁé@:ﬁiﬂ—@aamgmﬁ £ 5 L=0F s pli)=L /L,

AR E Al RASELF AT ARG

%
e
¢

14 4 A P cfl e PR RRAOR ¢ R R 1 i

ke

B Dy o BHEPREABLT TR 0 B P N D FanAs L LR

Bk Rk A SRR D, o

/I Algorithm for adaptive playout time adjustment with packet scaling

1  Receive packet i;
2 Estimate and set the playout time for packet i+1, p, ,

3 Calculate the desired length of packet i, L, = p,,, - p,

4 if L >2IL,

5 Scale packet i with target length min(I:l. L

max) 1
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10

11

12

elseif I:l. <0.5L,

Scale packet i with target length max(L,, L,,,) ;

else
Keep packet i without modification
endif

Output packet i with actual length [:l,;

Update the playout time of packet i+1, p,., = p, +1:,-i

30



iE -

=

_q_‘:;’w—,

R R AR RIS SR

BT R R
iy A T8 A BECE R R B D - B R B3 A

Foo b i E BIF R D3 E 2 A R A F R T i et & k2
BT E BLAT R, T3 o

I OTEAR R NIRA 5 3 e L H - 1FD E R
Bz o & B Hpite o B A RFEEE STC oy £ A FBHI L
&
4.1 & A48 - B * DT R R R EEHT] 0 4.2 &7
A e ospike MRS I HER o B8 43 &7 F mm{r B L v
#pe 7 o
fes £

g
foenie et B R 0 17 2R B2 A o B (e Tt 1 * STC
p%?ﬁrlbm ?ﬁ{%f’

4.1 PR HE v BT

=2

R

F¢ o AP AL BRSO ARG R
CRTEL NN F  SVRTE ‘R Rl

1 e i B
OL AL ©
4.1.1 #3144

$ o0 BES e EMEEd A7 B4 1(a) %

- H FpE e

PFRREER Td 5 onehddice & Aigam > AP g IRt 4p - B (phase

31



plo) kgt ¢ { g5 > 4wkl 4. 1(b) > atp=Bl¥ > Fx=d,

=

Py=d,, P AEREE(xy) Thie o REEF Bite MRy
FiRiead iF > wF @R AR o B4.1° >onFEEE 03 800

A BiE BEFOER L S =500ns -

a0d T T T T T T T

00 p

b i

200 300 -1[]

a00 !
1 f‘
700 s m ¥
= . g‘ f -
&a0a y
4 . »
— 500 T L . 4,""-2- ':i o 7
E i "y . f," 1
B Sog2 *
"_T_' 400 I * =
=
E wir T
L ¢ ¢ T
-
1w r # T
L
1 ? YV —_
J_I:II:I 1 1 1 1 1 1 1

1] 10 200 oo 400 ] a00 ] =1eli]

dp (ms)

Bl A 1 FoRgat & enph i B 2 4p )

32



A AP TO[10]:h% % > - B 2 BEEF e X RE
i B on(internet traffic) el 58 > v 4 — 3 oy 5% 18 42 & (batched

Bernoulli process) it iz o F]pt » AN enF ke > * H - RPIRBR R

WAl kgt > 2 PIRE S - FIFOSWrE > 5 3 Bl r o - B4
A ez 4 8 o (audio traffic)m ¥ — B R 5 4 B B oo o B e B
.27 R¢ DA FEg e FRELY DRI blhe il

M P PR B PR iRk B (servicerate) 4y & o7 0 H = % bits/s o B M EL

RE A hg e(frame) ® kP @i > U PEATHER > H

’ﬂx‘i

FEbits; R T A Bite BIEROREE L o P RRLE N E TSP

-4

T AR BN I S o - B 5 o S s ek S

andio traffic

D "’; FIFO buffer O%

Internet traffic

B 4. 2 32k B i)

4.1.2 epauedd 47

HAY R Y - AT REE RO DA bldokE BRE P i
Bedfe (0 2 ipddte i) o doTelnet #t¢ o A BERT @2

33



FF4e % FprE (waiting time) 384217 5 - ¥ #ce % 0 BIES e
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G ERER (P FRERBPER ) w, A 0 T

w=w +E 4. 1)
He g a- THEa 00 FEHECC) TEPRE T F D FWu
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RN AR R g ST Nt e Md  =d 5 7 v (-
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