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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 aliows 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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&4 RE3E A B2 DM A2 BN AL S
£ # L(adaptation) YIAEEL 34 VT Y £
HQ W3 ur =3 HEEE 2% 271§ WA
o} 28 FIrEAN AP AU &7 2719 3
& (time constants)& 3 %] F7](5-10 ms)e] &3 3}
), o]&] & “u X 29) q+& 2H(pitch-companded)” &
2 ES dvtE o2 “SH Y &S F(syllabically-
companded)” ¢z ot BAHI). 71 =4 &
A¢$) A &L locally stationary linear DM A] 2% 3}
72tk ADM9) dF o2 $HEY 4 &L 8 CVSD
ny2ly] 2 BEsi7lE 4z 29 13 29 20 Y
ERA A THI8-101.

Input
o o)

s(n) +

Signal Estimale Fitter

& 1. 9Ad CVSD 3.3},
Fig. 1 Digital CVSD encoder.
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Table 1. Digital CVSD time costant values.
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Aopt = E[X]2>0]=E]| X]] 5
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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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Fig. 3 Analog CVSD bit-rate conversion procedure.
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Fig. 4 Digital CVSD bit-rate conversion procedure.
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Z72-6) 715w 7+
Lia=3
Yo B A 7S e A8 9 4(lin-
ear phase) 542 zH= FIR(Finite Impulse Response)
ey} AHE-E 1, FIR HE) & AAshe o & win-
dow, optimal, frequency-sampling o] UcH12][13].
o] FoA optimal ¥o) 8F A 7+ S48
4%& Bk FIR #E Zol(filter length)x 482
g o B L 5 NN BEY 9 A
< By gA A7 29 S 48 9 optimal
Ao 53 gH 9 Fu4 $goit

& 5o gE A5 ¥az

[ | S ——
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3% 5.48 9 optimal 4% 53 YE 9] x5 S,
Fig. 5 Frequencey response of a 48 tap optimal LPF.
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o] 2] & FA)d & IIR(Infinite Impulse Response) ¥ E]
g AH83te] d128 4 Aok IR ¥Ee 4y 94
AL QAT Fo42 WH 27 2 A(specification)
of sl FIR ¥E B} 3 ¢ g8 AFEL
o2 g YEFP 285 ALNFE A &
Y # dov, R "E 9] %79+ butterworth, che-
byshev I, chebyshev I, elliptic ® &) 7} tH12][13]. €]
FollA elliptic €= § 3o J(passband)s} et
A (stopband)ol A FU3F 2] F(equirriple)e 7},
IR 9 FoA Fo92 98 A5 Ay 713 &
2 ¥ 47 dasio IR 962 448 o, o
wHo g J4 ol F4AIY & butterworth ¥
El7t A5 HA T 287 & 7o elliptic YE
€ A&t A o] i En.

¥ 32 FIR ¥E 2 IR "Ejo] o @ 07 3 73
Fgol o AxFolch R 3ol A4FL 16
KHz2 JEJE PCM A3 & A EL 7)1Fo2 99
259 ‘0 & xed Aoy, Nee FIR ¥E 2o
(filter length)e]®] Ni= IIR HE #}<4=(filter order)]
ot} A& Eof, Nr=48, N;=4Y 1 FIR ¥E 9} IIR
e g AFe 4zt 963 3584 & ajelv}
ASE &+ AUk

E 3. FIR YE S} IIR EE o I A4+ nj.
Table 3. Comparison of operations for FIR and IIR filters.

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

HEE 0 FAH AN A7 A4 JTe =0
QAlperceptual) S He & YY& 3 Youmz B
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WE Ao} A 7o) sMsd A UH 24
42 ZA3Y. IR "Ee P2 UE A o2
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H 62 & =& A€ 4 3} elliptic A9 3} ¥
B 04 3gg Bz
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g
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32 6.4 3 elliptic 49 $3} Yo F34 3¢
Fig. 6 Frequency response of a 4th order elliptic LPF.
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(@)gde] 24 NE.
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(©)4 & elliptic 4 T3 Y& ALL& 228 A3,
Fig. 7 Decimation of a speech signal sampled at 32 KHz.
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(@dH e 24 Vs
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(c)4 &} elliptic A% T3 WE & AHGS & A5,
Fig. 8 Interpolation of a speech signal sampled at 16 KHz.
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CVSD Encoding Out CVSD

Gircuit A1 SO Circuit B1
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& 32 Kbps & 16 Kbps

CVSD | Encnding o Jser B2

Circuit A2
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Circuit B2

Subscriber | Deoding in n | Subscriber

® P O
Do

& 32 Kbps 3 16 Kbps
CVSD CVvsD
Circuit A3 Circuit B3
Encoding Ou Encoding Out
Interface Unit

EPLD
DSP Unit
TMS320C30

O3 9.7l wE 3 Ad g CVSD A $-& g Al 2.
Fig. 9 3 channel digital CVSD bit-rate conversion system
developed.
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BHE WAt ok E£3 MX629% -8 WEge
EX CVSD A4&¢ 248 + U, 1.024 MHz
& 718 202 A3 718 E83 Fr1E0 9l
= B/u53 29 &xof o AFgol AW
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Fig. 10 Subscriber & CVSD circuit.
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initialization

No

32 Kbps CVSD
Channel l

Input 8 bits from
32 Kbps CVSD

32 Kbps CVSD

Decoding 8B bits

32 KHz PCM

Decimation(2:1)

16 KHz PCM

Encoding 4 bits

16 Kbps CVSD
l Channet

Input 4 bits from
16 Kbps CVSD

16 Kbps CVSD

Decoding 4 bits

16 KHz PCM

Interpolation(1:2)

32 KHz PCM

Encoding 8 bits

16 Kbps CVSD 32 Kbps CVSD

Qutput 4 bits to
16 Kbps CVSD

|

Output 8 bits to
32 Kbps CVSD

8 M. AAZ XY CVSD A48 M dueEe &
TE.
Fig. 11 Flowchart of a real-time digital CVSD bit-rate con-
version algorithm.
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ol A FA W Al 28 FHo| 75 et
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AutH o 2 CVSD codecd] Al ATE AR S0l
AHEE & o) AukEQl Aol W, A 2@ codecol
upeh kb ozt WA Y £tk B FoAE 7
A€ YAY CVSD A48 HY AJAxe] B/n53
719 Al 7t AA AR obdE 2 CVSD codec?)
At g Ao A% U s AES B8 37
g},

WA, # 40X g} 7Fo] )X g CVSD A|H 47} 4
AR AHEE ol 2 B/R5 379 ANASFH) 7
2 7o s 2o 438 st

IH 12+ F 49 N A uE gEL AR
32 Kbps CVSD A1 & & 16 Kbps CVSD A1 3.2 W33
4¥ 438 BoFr.

X 4. HAE} ZE UG CVSD A4 3h-(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 | HE5) | B33y | 2537

Syllabic 5.2 ms 2.6 ms 3.1 ms 5.2 ms
Filter (a=0.005) [(«=0.012)| (= 0.02) |(a=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 g7t A v} 2L 79 35319 32 KHz PCM
Az ol 2 ¥ 9 (dynamic range)7t Z7}319 8L &
& Atk ole tAlg B 53}17| 9 24 Eo| Z713
whel Al S Aol Wi ha g & ohA] 53
o] 16 Kbps Adel o3 3539 J5e §3 49
o]l gse] Hro 2L AFY = gl ol
3 4L 16 Kbps CVSD 413 € 32 Kbps CVSD 41
32 HEste YN #4838 £ 3t

EF, H SoAM & o] YA B/ 5379 A1F
F7t AAZ AR ohg R B/E 537 AR
By & Ao & me Ayt

a9y 13004 tA"™ CVSD E3gr1e] AAFF7}
AAuct & F4dx B339 32 KHz PCM A%
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38 12. A" CVSD A A7t dAnot e 3o |
¥(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)(©)2] AEE 16 KbpsZ H-5 313 ¥ B8 N3,
Fig. 12 Conversion for digital CVSD time constant values
smaller than real ones.
I 5. AAHT & A" CVSD Al44 g-(32 Kbps CVSD = g3 vE 2 B3 FYE AT, 5 F
=16 Kbps CVSD). ] B 53}3lo] 16 Kbps CVSD Ald 2 obA] A3}
Table 5. Digital CVSD time constant values larger than real e v BYE ATE YAE} KAE £ WS
ones 23 38E AP & 2k
32 Kbps | 32 Kbps | 16 Kbps | 16 Kbps AAHo g gRYz FAE BRI AA

CVSD CVSD CVSD CVSD
2E3s) | B8] | Fass) | Biap)
Syllabic 5.2 ms 104ms | 12.5ms 5.2 ms

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

F7} AA 9 TE Ao x CVSD A$E HPA A
He dee viad s ASE & F UG- 16
Kbps CVSD 41 5& 32 Kbps CVSD A3 2 ®¥gg
A$Nx A A3 E 48 5 AN

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)
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£ 0
(a) E VANV
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z 0
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§ 0.2 T T T T
(d) @ 1 i
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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 CVSDE K- 5315 § 23345 M 3.
© )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.
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