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Real-time Implementation of a Tone Sender/Receiver on a
High Performance DSP
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B =Bl AE 149% DSP (Digital Signal Processor)& AM8:810) RIMFC/DTMF (R2 MultiFrequency Combinations/Dual
Tone Multiple Frequency) £ 4341718 AA)7F 28 5k] t)-8-3F VOIP (Voice over Internet Protocol) H|0|E 0] X| &84
HeWe A7 Goerizel WIS, $871E T20} 39 QEIE ol82ch DMA (Direct Memory Access)9h McBSP
{Multi Channe] Buffered Serial Port)& AN ZIAQ PCM Y&, HPI (Host Port Interface) $% MPU (Main
Processing Unit)2}e] ol A| 2] £4] ¥ Texas Instruments TMS320062x DSPE o[-3F thfjd AA|IZH T8 719 sl
A8 71a%c AY Aal F3EE RMFC/DTMF $5047)e ITU-T (International Telecommunication Union—
Telecommunication) 2-& WE819, 324E T 250 MHz C62x0l| A 780 Ad-& 88 < = AWE Byt
AL DSP, (62x, RIMFC, DTMF, AA|ZH 74

2ok 2 A3 AE gof (1.2)

In this paper, we present real—time implementation of a RZMFC/DTMF (R2 Multi Frequency Combinations/Dual Tone
Multiple Frequency) tone receiver/sender using a high performance DSP (Digital Signal Processor) and apply it to
a carrier class VoIP (Voice over Internet Protocol) gateway system, The Receiver utilizes the Goertzel filter and the
sender adopts the harmwonic resonant filter, We describe, in detail, the techniques of multi—channsl real-time
implementation on & Texas Instruments TMS3200622 DSP such as effective PCM (Pulse Code Modulation) in/out by
means of DMA (Direct Memory Access) and McBSP (Multi Channel Buffered Serial Port) and message communication
via HPI (Host Port Interface), etc, From experimental results, we confirmed that the optimized code provided 780
channe] capacity at 250 MHz (6202, and the our R2MFC/DIMF receiver/sender met ITU~T (International Tele—
communication Union—-Telecommunication) specifications,
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Fig. 1. DTMF keypad and frequency combination.
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Table 1. RZMFC digits and frequencies.

1 1380 1500 1140 1020
2 1380 1620 1140 900
K] 1500 1620 1020 900
4 1380 1740 1140 780
5 1500 1740 1020 780
6 1620 1740 900 780
7 1380 - 1860 1140 660
8 1500 1860 1020 660
9 1620 1860 9200 660
10 1740 1860 780 660
1 1380 1980 1140 540
12 1500 1980 1020 540
13 1620 1980 900 540
14 1740 1980 780 540
15 1860 1980 660 540
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» tEd'd DMA (Direct Memory Access), TH'd BSP
(Buffered Serial Port),

» T8 Y5 RAM (Random Access Memory)

+ TEEL) C PHL, assembly optimizer AlE-2.
2 7 B AT 9

& =RoNE Ce2xE vhad} 2 §E 22 AMgRIth
¢ Device: Texas Instruments TMS320C6202
« Clock rate: 240 MHz (External Clock 60MHz,
PLLx4)
» Memory: 256 KB internal program RAM, 128 KB
internal data RAM
* Peripherals
DMAQ: split mode for Rx/Tx buffering
EMIF: Not used
32-bit expansion bus: Asynchrenous HPI
McBSPO: Interface to 4 MHz TSI's local stream
* Interrupts: DMAQ interrupt used for tone detec—
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tion/generation

+ Endian mode: Little endian

» Boot configuration: HPI boot (MAP1)

» Channel capacity. 64 channels per DSP for echo
canceller enabled case, 128 channels per DSP for
echo canceller disabled case
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Fig. 6. Hardware block diagram of the NIC board.
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Fig. 7. DSP peripheral configuration.
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Fig. 8. Input/output buffering and interrupt (M: number of channels, N: frame length).
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F: FRAME COUNT

S: ELEMENT SIZE
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FRAME INDEX
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Fig. 9. Data sorting example using DMA and McBSP.

McBSPO_RCR = 0x00053F00
McBSPQ XCR = 0x00053F00
McBSPO_SPCR = 0x00012001
DMAO_PCR = 0x626346F0

18 10. McBSP2} DMA B|XJAE] 3t (64 i 7|\)
“ig. 10. McBSP and DMA register values {64 channels).
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3.4. DSP S/W
¥4 DSP /W2 T8 7% ©hET En

« R2MFC forward/backward tone detection/ gen—
eration
» DTMF tone detection/generation

+ Call progress tone detection/generation

» Line echo cancellation: optional

A Aol 7= AY 7152 vkt 2t
+ Minimum tone duration control for detection

+ Tx tone gain control per frequency

¢ User defined tone configuration for country
adaptation,

qdd He 7S oh3dt At
» AfU-law selection for companding
» R2MFC/DTMF/CPT mode selection
= Echo canceller enable/disable
Tone local test
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Table 2. R2MFC receiver/sender complexity.

Basic operation

Intrinsic 8510 373
Intrinsic + ASM + 4018 781

C code optimization
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AN, 3 2% oA %] $413 POM U&7 #E S A
9Jgt 2 ROMFC $041719) dAlekg HejEdt &
204 ITU-T9] basic_op,cE &R B¢ 47 AdolH,
basic_op,c2 intrinsic T2 PAIFH A 3734d, o)
A BES A5 79 781 Q] dibks Hojgt)
AR RN = derd e 2 fAjA] B4 2 &Y S
Hag 2= (overhead) AAVFE DSP A4k AHg
2] 10 % W2 ety Ad §5L Alsict & 32
NIC EE0] AR FAE 64 A RIMFC $54179)
2] ApgEFo|tt, DIMF $2417|+= ROMFCS}H 34 28

E 3. 22| ALRE (64 M)
Table 3. Memory usage (64 channels).

PMEM Ox00005F98 (24470
DMEM 0x000088B0 (34992)
IOMEM 0x00006600 (26112)
MSGMEM 0x00000200 { 512)
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Tabe 4. R2MFC receiver performance, Table 5. DTMF receiver performance.
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