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Detection of Narrowly Spaced Tone Signals Using a
Nonlinear Energy Tracker
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ABSTRACT

We propose a simple scheme for detecting tone signals narrowly spaced in the frequency by employing a nonlinear

device called Teager's cnergy tracker'”

. When the input signal is a tone signal, the output of Teager’s energy tracker is
proportional to the energy and tone frequency of the input signal. When the envelope of the input tone is varying,
this tracker can also track the energy of the envelope. By employing Teager's algorithm as a preprocessor, the de-
tector for narrowly spaced tone signals can be implemented without the use of sharp notch filters. As an example,
the proposed detector is applied to distinguishing ITU-T V.8 and V.25 tone signals. The detector performance is

analyzed and is verified by computer simulation.
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Fig. 1 The output of Teager’s energy tracker
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Fig. 2 Tone detector scheme based on Teager’s energy tracker

2472

M. v.25¢9} v.8 & Z&7| M

s( = All+ pcos@af, t+ ¢)] cos@nf. t+6) (g)

FIg f2 RE3EA Teager oA 2774
HHANH 2 292

0 i

TR = A1+ pcos@nfyk+ #)]%sin X2xf,)
+ A pPsin (2nf5) + 20(1 — cos2xfy ) cos 2nfy k+ ¢)]
[ cos *(2xf, k+ 6) - sin®(2xf,)]

~ AN 1+ pcos (2nf, k+ $)1 sin ¥(2xf,) )

7V A AN fo= fo/ fO15L fa= fol FOITE. fu= 1o
[fs 1028 f7b fRc} w9 2ha 7P§5}"1 cos
and~l sin2nfy = 00] slo] ¢ Ao} % W ¥
~A1E 4 At wEl A Teager AW A 247 & vk
u} Fatgel A 23eA 0% Wzd & *‘ﬂl o =i
= Eede At AEHE 42 24 Pt
p=02 mist p#09 oo} FL 1Y 39 2
Rl ek o) 2i gt A A& o] &-81e] Teager A 3=
715 2t AM B2 £ FM B2712% A
& QU

stky | BIU¥ g
AUZl |—»
o2 0 a7 p

T8 3. Teager N A F47)1¢] 9, &9
Fig. 3 The inputs and outputs of Tedger s energy tracker

sk 22 %A% o Gale] thas 2ol Fojn ¥
el & NEE AFaE RAE v A,
AgcosQrft + &) “Hy

st =
A1+ pcos@afot + ¢Ylcos2aft + 6 :H,

(10)



BX/WAY AR 24718 ol 48 2PV E VT H2

A7VM F ANz NUA T PEE A 445 A=

1 +p2 22 2890 5 & 2357} Teager o1

2 =878 %46}1 Ud 29 33 ol 45 AE

Ee & A37t g gety 9] F 25 33 8

A g o] B MNao 455 7ge gad
ol A& FAR AAE + At
AMZEE=ET(Ts=1/f)ol X REBE F4 A%

(k)= s(k) + n(k) an

7t Teager |72 327)0 JH =, 71 28

(k) ="k~ s(k+1)s(k= 1)+ n(B?— n(k+1) n(k—1)
+2s(R) n(k) — s(k+ 1) n(k—1) = s(k— 1) n(k+1)

(12)
7t 9ok A7) n(R)E HiFo] 0o] 1 B abo) 10 W
A ZHEAIRY FAEolE sMR e Tke B B
Ab& 7}z}
m{R=E {T(k)} (13)

= (B —s(k+Ds(k—1) + o,°

& k= var{ T(&)}

=3 0,'+ 0, [452 (D) + 2 (k+ 1)+ s (k—1)]
(14)

2 Fojzinh
s(k) =so(R)Y @, Teager oA Z47)o] 229
Haage

(8= A1+ £~ Jsin@nr) + 0, 15)
2t B3 Bkl sth) =so(h)Y o 4 (14)2 =
iRt sth)=s/(B)Y wf, 1] Y o= 2279 =
9o YAt

mzy (k)= Af[(li-%)sinz(Zﬂf,) + -éi - cosdrnf,

. sinZ(and)] + g,°

+Alol1— cos27fy - cosdnf,)cos Qufsk+ ¢)

2 2
4 Ale - sin®(2xf,) cos [ 2(2nf b+ )]

+ —2—1 - [0*sin2(2nfy) +20(1 — cos27f,)

- cos 2afzk+ $)] + cos[2(2af, b+ 6)]
(16)

o2 FoX BALE s(B)=si(A)Y W} A (192 F
ol Ak 4 (16)oA4l R &3t 4 & DC JEo|L
AR e Fapa 30 B Aol UeiA] ¥ 3L f
Boh o g8 Fuge & AF otk LPFE A8
Forrt LEG QRS A A A F 9
A Rt o g Teager A 479} 335 ¥
BHE o835 HE & F 7o § NEE TR
T #A7F DC 21Z(H Hoet & N30GHE H)E
e A2 Ad

10}%1 A&7 e 29 49 ol 28 E $ 3ok
FME A3 HA Teager A Wx] 33279 2]§ A}
A HgEd. 4] (15, (160N FEHeZ ¥ e o]
' DC ¥ 74ad 1d9 E5 We(HPRH=
AATY 4 9o g LPFe} HPFRE o] 2ojd g &
# HE(BPR)E 34177 QoA &8 714 B
A Z AA€E). BPFE £38t A A 39 gilo)
7V H; Stel A ai9) 1AL E W E T BPFe) 29 &
(R)o} W ets} BA+e

0

my (R =E{ h(£)} ={ Aycos Qrfk+ ¢)

:Ho
ZH] (17)

ont=var{ h; ()} = a; o> (8)
2 FolAth. A71M 4= 4] pl1 —cos2n f; cos(dn f,)]
olth. FEF ALELe 4 (148 Fo7 Bilo| 2} 714
stel NEE TFsER 7 MY stel A FH AR o
= GEA ke Abdo)t).

29 49 3 WA LPFe £ f,0] & A58 3o
ot AF219 5 d3A LPFE vk 9} v(k) N3 A
g ztolg AshE 8otk 244 H 2 A% &
g £,2 € 2139 Aol 5 WA LPFY) 23 (k)
ol vteEbE Bol3 7MY Hedl A9E Ao 9% A
Huto]l Yebd etk A WA LPF7} 34 f,9)
& Az AHE (9 Az AAANGT AR

2473



GEERFSERE 9711 Vol.22 No.11

ulag | T h u

lﬁ

ol L x|

£57]

H,

X y
Averager @

H

0

O 4 AXY HE) BER
Fig. 4 A block diagram of the proposed tone detector

A T 7HY Hi sl A R WAl o 5 WA LPFE A
AWA ko] Zbzt g;, v;9) ARZE WA x(k) 2

_ [ (A= 8) Oy’ “H,y
ms=E (2(£)) “{ (1-9AY2+(1=B) 0> :H,
(19)

o.F =var{ a(k)}
[ =B tat Hy
2n[ A% 0’ 1=V ) + 0, (1— )Y :H,
(20)

2 HAE & Ak A Lol Al e 72
o] N7§e}] 88 sl FSS HAE A2 o] 83}
o F ES HF v

y(k) = _b |’=§:N+!x(l)

(] => H()’;oi_‘ Al ey (ANS)

@n
=g => H& 49 (ANSam)

& Nol 22 gutw s $4 3584 g
(Central Limit Theorem)®oll 9)s) M y(k)i= ¥ 3t3}
Aol 247t myi=my, 6,7 = 6’ /NS 7HS- A9 85
Wra 2ASHE 4= ok A2 29 SellA Asd 3
SBI(SNR)7} 9dBO| I p=0.2% u] N=2000 ti &) =
H ke EXE vepiisith ddes $A8 1y
S RdgE A Bl O, +5 FAE g
& 47 A Ho, i) 799 28303 gho] 3o
el Rojd¥g g AR 7449 o] HHE
2ddg & 9l

2474

030 -

HO

028 -

0.20

010 A

Distribution

0.05

0.00

T T T T
0.04 -0.02 0.00 0.02 0.04 0.08 0.08
Oulput  y(k)

O 5 437 29059 R¥Y vy
Fig. 5 The amplitude distribution of the output signals

THEAIR R 2EE FE L g2 oA W P&
g8 Ppot 2% BB Pr T 7ol FE AT

Pp= f:ofyu{,(y | H)dy= Q(_”:é”in_)

7 m}'u
dy,

- (22)
Pp= f’] leIl‘,(y ! Ho)dJ/:Q(

»

ANM eV H)E 2 788 Hi, =0, 1, 8kl A y(k)

o] gEVI ol ()

Qo= [ exn - % Jau (23

2 FojAth galy R PHE A% 2 97 RS
W HA) 71 FSS HlAEe] Has BE 4 N3 2
akon et o] Aol At

0, QP — 0, QNPT (24)

N, — My,

i

N=

3

7= m)‘u+ GJ‘»Q“l(PI'") (: m,\‘x+ 0)‘,Q_l(PD)) (25)



B/ YA FHNE o4 2HE ENE WS

AAE H&719 4%5& AEs7) 98 ITU-T VS,
V25 43k A E ANE HZe AN A
ok MEW p=0.2, f,=15 Hz, £,=2100+1 Hzo)
o ¥ Fu5E f=7200 HzZ 7} 3H4A sin’(2nf,)
=0.93302. 2 Hoizk 1] vwd 2P delv) =)
Nzl Faa ol Af7h Hul 1 HzolB 2 o]o] o}
2 29.¢ sin*{2n(f.£Af)/ £} =0.9330+0.00047} =
of Fug folo] &L TAIE 4 Ut wepy 2
Aol e F5 Hol= gle Ao 713§ $oh

StollA} AA R o] EH ALt BIHL HES

1.04
[} !
& 0.94%
g |/
3 i i
s o.e{- ‘
3 i
a 1i ! ; :
c : p :
0.74i =
-,(,‘-; '{:c SNR GdB theory — Slmulatlon x
§ : / 'SNR 9dB:theory " Simulation o
3 0'6—5’ '''''' :“SVNR12_dB.thepry S Slmplauon'g
= : : : : : :
0.5 +—L——y T 1 Y T —r
0 100 200 300 400 500 600
Sample Size (N)
(a)

0.5~
0.4 4
0.3+
02{

0.1 5 FRTAY

False Detection Probability P

0.0 T Ag T Tt v e
0 100 200 300 400 500 600
Sample Size (N)

(b)

a8 6 AAF AE9 dF
(@ Pr=001 Y do] {2 &§
B)Pp=099 2 Mo eHZ 8§
Fig. 6 The performance of the proposed detector:
(a) The true detection probability when Py=0.01
(b) The false detection probability when Pp=0.99

7] 18k, 19 62 ThE SNR A A Fo3 7&%
HoE HEL U Y8 o @ RS
Yepl 2 ok 471A "E B9 £8HE AH}
AL ¢ Homz BB F A XA A ¢
ket 29 6@)e LE FEE Pr=0018 TAHA
712 AAGH A e FEL BE o d&] ®
A& Ao 1Y 6b)e HE BES Pp=0992 3
AN AU HA o7& $8L RE 59 0
& FAIG Aojch Y4 F 9] A mdlgdA
mdEa B grel AAgET 7 AA e e
52 AA9 HE7e a7HE 4% S 34 23y
£ & 4 Utk =3 SNRo| AASFE dA 9 Fgx
7} %0}21 A HLE U

3E 7E Fol A ER Pp, Proll tha) o]
7171 98 Wad & & Ne o| &3t Adge
SNRo| we} EA g Rejch 5o dAge HE &
3% A& HEE A UEAIE Ha9 ¥R
F& Jehd Aotk 2y TAME A&7 44 B

E FE3 HEANERE AAHJS S & 4 At

Required Sample Size (N)

SNR (dB)

J% 7.SNR H3lo) @} H & 5
Fig. 7 The required sample sizes versus SNR

V.2 &

2 m=ioAe B ALY JdUAIE H2E F U

PSR ?4.1‘—.:_1_‘:—:2. o].g.s]-oa] —17{j3}] A & A 3E
Hol @ notch WEE A1857 @ Nod Fre
A& 2 D Ho)-tgv% 1—}]?_1‘”6}9&5} ITU-T V.8, V.25

2475



BEHESER LI 9711 Vol.22 No.11

dagtel FolE A5 g TR} AAE YA S
H g8t FSS HIAE W4 g Alg3ld HE78
FARE, FE7) HF S At SEES
2 2Astete] dAlsAch ol &9l A&7 AL
2AdEE T Ao AAG HE27) @
& SNRo|M e ety Ao 2gehe Bt

g3

1. F. Kaiser, “On a simple algorithm to calculate the
‘energy’ of a signal,” ICASSP 90 vol. pp. 381-384,
April 1990.

2. A ﬁegalia, “An improved lattice-based adaptive
IIR notch filter,” IEEE Trans. Signal Processing,
pp. 2124-2128, Sept. 1991.

3. C.C. Ko and C. P. Li, “An adaptive [IR structure
for the separation, enhancement, and tracking of
multiple sinusoids,” IEEE Trans. Signal Processing,
pp. 2832-2834, Oct. 1994.

4. K. G. Larkin, “Efficient demodulator for bandpass
sampled AM signals,” Electronics Letters, Vol. 32,
pp. 101-102, 1996.

5. P. Maragos, F. Kaiser and T. F. Quatieri, “On am-
plitude and frequency demodulation using energy op-
erators”, IEEE Trans. Signal Process., pp. 1532-1550,
1993.

6. Z. Peebles, Ir., Probability, random variables, and
random signal principles, McGraw Hill, 1993.

7. H. L. Van Trees, Detection, estimation, and modu-

lation theory (part 1), Wiley, 1968.

2476

g A 2~(Sung-Soo Hwang) & 3] ¢

1996 29 (A} -Eof 8 A 7)F 8
F E2H4EAD

19961 3Y~E A A St A
71 & A4
i

D I Riale] B B A )|

0| 8 #KYong-Hwan Lee) 23] %)
FFEANGHA 10435 =



