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Abstract

An algorithm for the implementation of R2 MFC digital receiver is evaluated using simulated
data. The algorithms satisfy the CCITT recommendations. In this paper, our aim is to provide
more efficient way of decoding an input in PCM format and detecting the frequency compo-
nents. The digital signal processor chip (S2811) is suggested to meet these aims. Through
the software simulation using an Altair 8800b microcomputer, the proposed receiver is shown

to have tolerable performance in spite of a given noise, frequency drift, and twist,

1. F B
Tk W A daebs, 58 BEEyA
2 T1 A& (bell system) & A2 HAL Al
olzgich o)y ¥HEE RIF K el wel A A
33 HEo| M-S 2A sledlon dixlel 4ol

*EEE, P LEAEE, R LR

(Dept. of Electron. Eng., Korea Military Academy)
LR, WEASRKE LHAS ER1USEH

(Dept. of Elec. Eng.. Myung Ji Univ.)
POEEE. M-SR LPERE B LR

(Dept. of Electron. Eng., Seoul National Univ.)

¥ HE 0 1983F 10H 27H

(% K Fre SREFARGEHTH FRE L8

o8 olFofd HY.)

frgo| el wivle. F¥ % dleleH kol cheddl o
a2 7)1 5E A2 4 e dA gl A db nE
7} Fbsl s leh

olol MOl A5 A3 4 KHIE Ficl sy @
OB PRI Aol o Foluht ol R
BE A Aol ARE S (595 (signalling) 101k 5
DTMFR (dual tone multi-frequency receiver) ¢ &3t
of W3 MM P B stmdlol S B skal 4
fiokeol 2o F4do] Aok, 22 L 5| & signal-
ling"4 & R 2 MFC (multi- frequency compelled) Al 5.
ulAl o 2 4 i {54 (forward frequency) 252 1380,
1500, 1620, 1740, 1860, 1980Hzo|w] (S 5% (back-
ward frequency) 152 540, 660, 780, 900, 1020,
1140Hzo)v}, o] 52 ol &-3lo] o] Fofxf= K 8
g2 24 (compelled) 4 olct. 2% )5 DTMF 1%
FEE A FelA 1 FHE <A KEEWE



wWey w7tz A4 BRERS XEdc old B%
g e & 2EWHe F vk B RyoR 74
¥]l22 2o0ut of 6 2X g} g} i)

6 ch.
BPF 4 SUMMER
Analog  |Low iHigh
freq Efreq AGC +
Ch. [filter
VTN
LTI MEﬂ—LDETEcT]
28 1. oz DTMFRY £5%

Fig. 1.

1. o}vi2 a2 DTMFR

MIOCN % No 1A% HNol #ZEH BFscHkel
DTMFRe] &3 E& 28] 13 Fep P70 o] w42 o
o BRGEI of otz aslzelnz RE A
gofl otz AAs)2E ol fshllvke oxoldh o
2l A o] TDM (time division multiplexing) &
o]8-3}71 #8to] SLC(subscriber line circuit) oll4]
PCM (pulse coded modulation) 3}&F Al &+ HF&QUA
aickated signallingel 2l aigksls c}
A= 28134

signallinggl 2 &
A| D/A(digital to analog converter)-5
72 DTMFRoll al7b=)A #roh o] w2 Felol o
o] A&-slol EEAFES Fold AA RHE +
sloe LCHEDIESS ol &3ted ixtald e 4
¥ 4bH signalling 2= ohd FF4do] Acke A
# A/D % D/AY TH5or kol okt b

ol 9

2. ©x& DTMFR

o Hofl4 =99 ohb2 1 DTMFRE 4 14 BPF
(band pass filter) 2] #FH#E o 15Hz, #EEBE = 1000]
Aol Basjrhis ofof FHYYoz YAy A3 E
ol &5 A A (detector)E AA tixEs =
2 A DTMFRE oA &st & 5 ot 53] 2 4
x4 Z2AqEo] o] WFEo] st EE &}
A ez 44 744 4 Uok

o]z e DTMFRE A A 8= d2]F -2 Fourier®
xjet ofs}, 8 Walshl3 §& Lejdle] A]Edlo]
A 2 73 Fourier W 3ol 714 §elalola} gt
glo] & FLoll 4 Fourier® dhol &g AdEZ] B
¥ 5% DTMFR #it: T2 HBshA™

Block diagram of a typical analog DTMFR.

19845F 7H BTIREE £ 21 % F4%

0. 24EY iy

Adled] HHE Tl ulw] = il _g_ngdo‘l ul
complete orthogonal base24] A&z} F4-5 o]
e Fouriert & o838l Heolrh o]
gel ol A4twel DFTE HelA& based #
B Y RS ol &l Al &3 o 7o S
aAA 4 Qe e 7t Yzl (FFT, CZT,
Goertzel A g|F) o] Bol ol&Hd 53 ¥ A5
of ¥t HE g0 2dedy HuE 73 o] CZT,
GA(Goertzel algorithm) £ B Aj£=le HHE +
a9t Zre] data buffer2 AHgEle 7]l &%FE 27|
29 4 sl AAe] Akl £ A9 bankE AHE
gl Ades-E F3AY FWT(Fast Walshi3h) &
o] &3l 7 $ol wla] DFTE ol&3+ uhyol, sig-
nalling A13.¢} o] & 2oz Holal 4ol HE

Fie A 6 Helde 4 4 ddh GAE weigh-
ting @49 AEIES AA ol&sh: ok 9

Fourier

3 °\‘° flo

HAEE x(n), n=0,1,--, Neojg} 32, x(n)9 FT
£ XK et s gl o8l
XM= 3 x(x) - e sror (1)

ol T¥ time resolution, 2+

tioneZ Q=2 x/NTeo]c},

—4aT

frequency resolu-

wy=e

£ ol&ste K(l)& BE A

x{n) x (k) = e ()] pen
o > °
I T e
2C0s N JZ_‘ - WN

a8 2. Goertzel ¢ 2l& 2| flow graph
Fig. 2. Flow graph of Geortzel algorithm.

XM =3 x(r) - W (2)

4714 Wyl S ol 8ol g ZaBsel &
bR

ZIX W] _ 1
Z[x(n)] (1—W§"'Z“)
1—Wy -

- Zn (3)
(1—2~ COSFR AR A )

of datel BEEE AF2% Zon Ate] e g
A4 cos 2a/N k X Wheo|oh, ZF olulog M



DTMF x| et sl Agallold o thie 3E 3
e ~vdled F#E T2 el 2M(N+2)9 F
o] Hgste2 M<log,N¥ 7% GA”} FFTEc} /5
EEL $Es 4 5 ek

f=foll o] ~xled] WAL b33 2ot

Plw,) =IF k) [*| w=xe xo=wp (4)

wet 2 ad AEE el A & talk-down
A5 =7l s FEH Prob Alabslofof gt
Signalling H#2 BERE 6w 23} o] Hoscf,

P(f;) +P(f,
ﬁru=‘% (5)
T

o1 714 f, f,+= 2out of6 & A Ho|rh

1. AijsgE

DTMFRS A7{E9%2 signallingAl &5 &2&3 =3
7kal 2 SLCH 2l CODEColA 2554 —laws ¥-353}7}
H Abefolch atejd A" eSS FE7] Aol u-law
—linear %o %) 2 5kvd trunk7te] HREEE A7 W (a) Software simulator® F&%
ol o8l FIBHES shob 3trh =3k A B trun- (a) Flow of software simulator.
cationoll 2l3] 47l side lobeoll &3 T#:E Al A3
7 Y3l windowd F 4|7 o} &ek. u—law=linear DSP Sdmulator
W 22 Kanekowb 4 & ol &3fe] A4bsledt wstg]
4 Y&

ObJect £11 OF cod
Y=254IM+16 (k-+ J) +0.5 —16.5% J (6) LI T ]
(u=2559] 4% K=0,J=1)
olui 3l windowt Hamming window® ol &3lx A
4+¥£ ROM<oll = 3%c}, [ T 7
2 N-1 Assembly progran| error check print out
Wi(x)=|et+ (1—a)cos™n : ns — (7) d g% boL X table %3
N 2 syn! 3
Instruction 3 o
0 e

o} 7|4 @ =0.54°}c}, : : :

2. sedel T4 Ox:r:}nd 0:«:;1 Oicod;:z B:ak]:int

Foll 4 HHET AL 3 e e @ i
_ Foll A HHE A-S 22 HEASH 2 @5 b) AZE
WA Y} microprogrammable v}o]a 2 2 g2 414 & o] (b) Hierarchy chart.
£5lod A A sl w3} ML digital signal proces- g 3,
sord o] &ste whdlo] rk E odFoi= HEE Fig. 3.

E 1. DSPY vnE
Tabie 1. Comparison of DSPs.
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NEC PD7720 | NMOS 250ns 512%23 512x13 128X 16 16X 16 ERROM
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DDOR
DIDMFR Programs

1 HEAD SRR TACV US 0,0
10 4SB LABV US 1,1
20 SVA TACY US 1,1
30 SVA NOOP D 00.4
40 AVA TXV US 1,1
50 AVA TACY TS 1,1
60 AVA TACV U3 1,0
ud NOP MNCOP US 6,1
80 SPU TACV US 5,1
9 SeY REMW US 0,0
100 gTRT NOP LLTI 1L 780
110 HOP LIBL

120 A2 TACY TS

358
A
LEE
48
g

g
g
g
g
A

170 wAIT HO? JMIF DT

§

180 XOP TIRV US 0,0
190 1201 NOP NOOP UV 4,0
200 APz TACV US 0,1
210 AVA s 0,1
220 NOOP US 1,1
230 VA NOOP US 0,0
246 NOP TACY UV 0,0
250 HOP TVPY OV 0,1
260 NOP JCDI DT LFOY
n NOP JMUD DT KEXT
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280 spgc NOP LLTI L 005
2% ¥OP LIHL
300 Lp02 NOP NOOP UV 5,1
310 AP0 TACY UV 0,2
320 NOP NOOP UV 6,1
33 APZ TACY UV 0,3
340 FOP NOOP TV 2,2
350 APZ NOOP UV 3,3

APA LSO
37 NOP JCDI DT LPO2
380 ¥OP JMUID DT STRT
3% DATA 0,7,50, 8BS0, 3430, FFFF
400 DATA 1,6F30, 90DO, , FYFF
410 DATA 2,68C0 9740, 4940, FITF
20 DATA 3,6150, 9EBO, 5320, FFYF
420 DATA  4;5910, AGFO, 5EFO, FNFF
g DATA 5,5000, BOOO, 6380, FFFF

DATA 31, 0190, O, 0, FFFF
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