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ABSTRACT

This paper presents a bit-rate conversion system for efficient communications between 3 channel CVSD systems
with different bit-rates. The proposed conversion system is implemented in the digital domain and specially, the
conversion problem between 32 Kbps and 16 Kbps CVSD systems is studied. The conventional conversion system
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implemented in the analog domain allows signals to be easily degraded by external noises. To overcome this prob-

lem, a digital CVSD bit-rate conversion system robust to external noises is developed. The new system decodes

CVSD bit sequences and converts sampling rates of decoded signals, then encodes signals at target bit-rates. Since

linear phase property does not matter in this application, instead of FIR filters a IIR filter is employed to reduce

the system complexity. Therefore, a 3 channel digital CVSD bit-rate conversion system was successfully real-time

implemented using a general purpose DSP. In addition, conversion problems with unknown time constants were

experimented and good experimental results were obtained.
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HQl W3} ur =3 H &R &Y 271§ ¥R
ot 28 FIrENA AYAHY =¥ 2719
2 & (time constants)& ¥ X F7](5-10 ms)e| 3433}
), o]& & “u 2] 9) ¢+ 23 (pitch-companded)” &
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Fig. 1 Digital CVSD encoder.
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Filter

@A 2% 27 Am)o] AAIHA A =Ho 8§
7 fsiM e o3t 2ol Hd, A gl AdE
zhe o] w3 sl

www.dbpia.co.kr



®L/W 4 DSPE ol 4% 3 Ad YA ¥ CVSD A4-& 487 A

Amin = A(n) < Amax (4)
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7] Aminol®, AA HE 4YE B3 v2H BHEYB

T A4ES HAG

H2 A48 08 CVSD 4 2¢ A7),
Table 2. CVSD minimum step sizes related to bit-rates

Aapl Amin
16 Kbps CVSD 6.0e-6 6.0e-8
32 Kbps CVSD 3.6¢-6 3.6e-8
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o Analog Converter
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Channet Channel
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U i

37 3. ohdza Aoz FEF CVSD ¥ 44-(32 Kbps
& 16 Kbps).
Fig. 3 Analog CVSD bit-rate conversion procedure.
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Digita
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CvsD C\fgg
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Digital
Signal
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i i

O 4. UA" $29] CVSD d4¢& ¥§ 74-(32 Kbps
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Fig. 4 Digital CVSD bit-rate conversion procedure.
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o] A optimal ¥He) &3 XA 714 -5
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A &34 dH 9 Fug ol
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Fig. 5 Frequencey response of a 48 tap optimal LPF.

tAg CVSD &8 AP A &dd 48 | Zo]9]
FIR €5 & AT 7%, Jd 2 Ado] 8 §7| o
22 " ZolE 48 o|& & FoF #r}t. 181} FIR
Yele A% 94e BAste Z3o] sle vl =
EAAMG FisE ALE FaE A €99 Aolg
Zold 4% A% Ayt AT Gl Aok

www.dbpia.co.kr



%3/¥4 DSP# ©| 4% 349 t)AY CVSD A4-& Wats] Aw

o] &) ¢ FA)d & IIR(Infinite Impulse Response) ¥ &
€ AH83te 3dE 5 Aok IR ¥Ele 4y 94
42 A% FoiA "WE &1 = Z(specification)
of sl FIR ®E Ht} 32 59 Uy ASFEL
o2 322 YEYd 28de ANRL A 2
Y F glon, HR YE 9 %79 & butterworth, che-
byshev I, chebyshev 11, elliptic ¥ €] 7} 21 cH12][13]). o]
FollA elliptic el 53 J(passband)s} 2}-eto)
H(stopband)ol A EA% 2] E(equirriple)S 71A,
IR 9 FoA Fo)|d He A5 Ay 713 2
2 ¥E 47 Hasio [IR U6 E 44 o, o
wHo g A4 Sl FHAY dE butterworth ¥
El7F A A 292 & 3 9-ole elliptic YE
€ A8t A o] viek

¥ 32 FIR ¥El 2} IR € djg 87 % 723
F gag AdFelth E 394 ARFe 16
KHzZ MEYEPCM A3 § HEL 7302 9Y
A% ‘0 & 2@ Aolv, Nre FIR UE Zo]
(filter length)o]®] N;= IIR YE A}4=(filter order)o]
th & Eof, Nr=48, N;=4¢ 9 FIR ¥E 9} IR
YE o g QNFL 247} 963 3584 & zolv}
ASE &+ AUk

E 3. FIR UE ¢} IR EE o tl§ 443 vl
Table 3. Comparison of operations for FIR and IIR filters.
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Fig. 6 Frequency response of a 4th order elliptic LPF.

decimation interpolation
(32KHz— 16 KHz) | (16 KHz— 32 KHz)
FIR Nr Nr
IR 3N+ 4Ny +1)

2" 72 32 KHzZ MEYYE AA 4 NEE 2:]
5 o8 HAZD. (v 939 32 KHz2 Y=
FE &4 N30l1, (b)e 48 ¥ Z o9 optimal FIR
A §3 UEE A188to] 2:1 7+28 16 KHz &4

01

§ 0,05— :
R e AVAVAVTAVAVANAC TSV eV
01} n

01

3 005, ]
o L ANANA LA P g
Q1 4

A —L L
200 250 300 350 00

number of samples

3n

www.dbpia.co.kr



BREFSMRIE "97-2 Vol.22 No.2

01
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(@)gde] 24 NE.
(b)48 9 optimal A} B3} WEIE AMRs}e] 7153 A3,
(©)4 & elliptic 4 T3 Y& ALL& 228 A3,
Fig. 7 Decimation of a speech signal sampled at 32 KHz.
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@A 29 V5.
(b)48 ¥ optimal A9 3 Yel§ AMG3ld 7053 A%,

(©)4 3} elliptic 49 F3 Y& AHR T 05T A3,

Fig. 8 Interpolation of a speech signal sampled at 16 KHz.
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Circuit At S04 Circuit BY
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Circuit A3 Circuit B3
Encoding Oua Encoding Out
Interface Unit

EPLD
DSP Unit
TMS320C30

O3 9.7 gE 3 Ad tA " CVSD d 48 dE A 2d.
Fig. 9 3 channel digital CVSD bit-rate conversion system
developed.
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CVSD HM3R= 71dA 3|21 o3 Wgd &/5
A Adel &4 AFE ZHzt CVSD H 538 (code se-
quence) 2 M#3le G TE dit) £ =&dMe MX.
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MX629c @ <ol B/ BRIV E FA 788
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BHE WAste Qo =3 MX629 -8 g
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B N
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Analog Decoder
Output Input
Clack To DSP Unit
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1810, 7HY A 32 9@ CVSD H s
Fig. 10 Subscriber & CVSD circuit.
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d-g 32 Kbps Aol dsis= 8 HE G2 Rl
X, 16 Kbps de] e 4 HIE T2 Fa3t
o g Az R YEd2 AgsAd A
A5 2 Fol sl HEE CVSD v|EYS 32 Kbps
Adol dsfrEe 8 HE B9 E, 16 Kbps 2del o
M= 4 M E S92 A Y MEste 7H]l2 2 CVSD
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E A3z A" gdeps gE-48 1 Aol
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initialization

Interrupt ?

No

32 Kbps CVSD 16 Kbps CVSD
Channel l 1 Channet

Input 8 bits from
32 Kbps CVSD

32 Kbps CVSD

Decoding B bits

32 KHz PCM

Decimation(2:1)

16 KHz PCM

Input 4 bits from
16 Kbps CVSD

16 Kbps CVSD

Decoding 4 bits

16 KHz PCM

Interpolation(1:2)

32 KHz PCM

Encoding 4 bits Encoding 8 bits
16 Kbps CVSD 32 Kbps CVSD

Qutput 4 bits to Output 8 bits to
16 Kbps CVSD 32 Kbps CVSD

| |

38 N 44X UAE CVSD A4 4 Wi g s &
TE.
Fig. 11 Flowchart of a real-time digital CVSD bit-rate con-
version algorithm.
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AHEE = Aol AukEQl Aol A%, A2 codecol
uteh fZhY o)yt WA Y £ ok & FeAE P
A€ YA"Y CVSD A4 HY A2y B/8 53
719} N F7E A AHEE old 22 CVSD codec?)
Ao g Ao 4% HIE 4Ye i o3
g},

WA, # 40 A g} 7Fol TG CVSD A A 57} 4
AR AMEE ol 2 B/RI3) 9 ARAFRTG 7
2 9o da 2o 438 st

I 12+ # 49 A Aol g EL AHE-EY
32 Kbps CVSD A1 & & 16 Kbps CVSD 413 2 W33}
4¥ 438 BoFr.

X 4. HAE} 2 U@ CVSD A4 24-(32 Kbps CVSD
= 16 Kbps CVSD).
Table 4. Digital CVSD time constant values smaller than real
ones.

32 Kbps | 32 Kbps | 16 Kbps | 16 Kbps
CVSD CVSD CVSD CVSD
387 | HE5r] | H33) | BE3})

Syllabic 5.2 ms 2.6 ms 3.1 ms 5.2 ms
Filter (a=0.005) [(«=0.012)| (a=0.02) {(«=0.012)

Signal 1.0 ms 0.5 ms 0.6 ms 1.0 ms
Estimate Filter| (8=0.03) | (§=0.06) | (8=0.1) | (8=0.06)

Al 57t AR} e ¢ E5319 32 KHz PCM
Az ol 4 ¥ 9 (dynamic range)7t 271314 &-¢ &
4 At ol& tixlg H537|9) 28 Zo| Z713
whel WAl S Aol Wi kEE ¥ oA B33t
o] 16 Kbps Adol oJsf) 3538 Ase §3 99
ol gEdse] Hro 2L FFY & At} ol
3 4L 16 Kbps CVSD 41 5 & 32 Kbps CVSD 4l
32 ¥@sdte AR E Y + 3.

E, H SoA & Zo] YA G H/RF 3579 AlF
F7t AAZ AR opd R B/R T30 Al RS
By & Ao d& o] APt

a9 1344 dg CVSD B&38l719] AH57t
AAuct & Fedx B389 32 KHz PCM A%

www.dbpia.co.kr



&3 /¥4 DSPE ol 4¥ 3 a0d A& CVSD d4& Ad AL

§ 02 T T T T T T T T T
@) g oMMy
.O%N i 1 1 1 1 1 i 1 J
1 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
number of samples
02 T T T T T T T
®»  §,
4
%% 1800 2000 F865 3000 3500 30004300 560 5500 6000
number of samples
_§ 02 T T T T
£ o_.MMMW(\N\’W\’ N AMMMM MW‘ HW lJW“\ fWWW\MMW
(c) 2 , , . .
%% 1000 1500 2000 2500 3600
number of samples
§ 02 T T T T 1
(d) g ° AWM AR
< L ! 1 1
025 1000 1500 2000 2500 3000
number of samples
38 12. HA Y CVSD A A7 AAwch 2he 9o ¥
¥(32 Kbps CVSD & 16 Kbps CVSD).
(@) YA 5.
(b)32 Kbps CVSDE H 588 ¥ 2338 N3,
© ()2 A EE 16 KHz2 2:1 &g A5,
(d)(c)2] AZE 16 KbpsZ 23313 & 2% A3,
Fig. 12 Conversion for digital CVSD time constant values
smaller than real ones.
I 5. AAHT & gAY CVSD A4 (32 Kbps CVSD = g3 vE] 22 4 HYE #AA, 15 F
=16 Kbps CVSD). o] R 53}38lo] 16 Kbps CVSD sld 2 ohA] A 43
Table 5. Digital CVSD time constant values larger than real e v BYP ATE YANE} FAE E4 HYS
ones. 23 e B & Ak
32 Kbps | 32 Kbps | 16 Kbps | 16 Kbps AAHo =z tAEz FAH BRI AA

CVSD CVSD CVSD CVSD
2uss | Bags] | F337) | 587
Syllabic 5.2 ms 10.4ms | 12.5ms 52 ms

Filter [(a=0.005)|(a= 0.003)|[(a=0.005)|(«=0.012)

F7h AA 9} & ALolx CVSD A4S WA~
Hel ded viay dgH UASE &+ U 16
Kbps CVSD 4138 32 Kbps CVSD N && HEs
AtAE Al A%E 48 F AUt

Signal 1.0 ms 2.0 ms 2.1 ms 1.0 ms
Estimate Filter| (8 =0.03) [(8=0.016)| (8= 0.03) | (8= 0.06)

0. 2000 i L L L
1 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
number of samples
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© Q2 T T T T T T T T T
k!
z 0
by B
® 02 | 1 L L i I i I L
1000 1500 2000 2500 3000 3500 4000 4500 5000 5600 6000
number of samples
® 02 T T T T
3
z 0
(C) ‘E“ -0 i 1 i’ Il
'goo 1000 1500 2000 2500 3000
number of samples
o 0.2 T T T T
3
R N Y T YT T T —
(d) @ 1 i

0. g 1 i
00 1000 1500 2000 2500 3000
rumber of samples

33 13. 1 AE CVSD A 57 A et & 99 Wy
(32 Kbps CVSD & 16 Kbps CVSD).
(a) 941 3.
(b)32 Kbps CVSD&E #33}35 ¥ B 353le N3,
© )9 NEH 16 KHzE 2:1 2+&3 235,
(d(c)2] M1ZF 16 Kbps. B335 F B8 A3,
Fig. 13 Conversion for digital CVSD time constant values

lager than real ones.

Vi.gd & & A2 £ AU AN 49 A Rl =

E =R E ME O 488 AHR3HE CVSD
Adzre] TP BENS 8 CVSD #5949 A5 &
2 UA" gl QEd = gle d2dEL Ay
AL, ol g HAIZE Al2=doz g Aug
gAg i AL N2 o0& A48 2 7
¢} CVSD M 3.& FAlo B38sly MEY Fa4
E sy, A R A4 L asdo 4 E
g Fug 18-S A% A 3 deRE WG A
28] A £8 Y SV A gnry
22 AHg-5e FIR U il IR U & ALg-3lo
=4 A3 Qo] AdFE AA FAANAY. AFH
5ol 498 53 Ao A CVSD codecd] N A FE
REE Ao A2 d5oe & 9T IS
< Folatglch TMS320C30 TZMAE AL L3l U]
A" CVSD A4& WY E A 7asU &=
& FAE A2"e Taaygel 27)7F TMS320C30
ol Zt3 e UlF Zaay Wrgd £88 4 3
€ &z1el7] w2 tA g Az A e sz
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EAMZ Ad 3 Ade PEF ag Ao 7t
At AAE g CVSD A$g HEA| 29
BEse AFE Agdoldeos AR on, AN
A AF5H e FFaATE T3 AN A2
52 online 4P T3 A% AN Fg
k.
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