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Instantaneous Frequency Estimation of AM-FM Signals
using the Inflection Point Detection
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Abstract

Instantaneous frequencies (IF) of the AM-FM signal is estimated based on the inflection point detection (IPD) method.
Local maxima/minima are detected using the IPD, and they are exploited to find the IF of AM and FM components,
respectively. The envelope of the maxima/minima is obtained to estimate the IF of the AM part. And the distance
between neighboring maxima (or minima) is used to estimate the IF of the FM component. Computer simulation shows
that the proposed method properly estimates the IF of the AM and FM when the signal has fixed frequencies for both
parts. In the case of the time-varying IF of the FM part, the estimated IF shows some deviation from the true IF due
to the rough sampling effect of the maximum/minimum points. Thus, the post—processing such as the lowpass filtering
of the estimated IF is required to refine the resulting IF estimation.
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Fig. 1. A signal with various inflection points.
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O3 4. AMMEED FMAEO| &7tFale =8 gie|lE
@ AM-FM A5 (b) HEE =55l 2oigh
z| gtk (o) ZigyE 2ol Z=Hd (d) AMFM
MEo| Fujg

o A& FM A9 #1535 oO= €42 AM

Ao EFeE A BRIt AM AR

FM A &o] iA4dl F37Q 45 (DA Bolx

ol Altdl WRlo] ¥ FyrE AHsA FHTE

z(n) = [1 +O.5COS(in)] .

50
s . s s
CoS gn+4sm 100n+ 1 ]
AM AR F3++ 100 Hz2 Fo]A 1L, FM
Qe A9 wnFAFE olF Hem Tl

(10)

™ 7[’)

f:(n) =1000+200 - cos( 100 +Z

100 200 300 400

o ”éﬂ’lu!’HMIHHH’HMHMHHHH\H
_’\HIH HMH \MH HIMW

1400
1200 £
1000 (1=

800 -

(d) soop
400 -

200

[

Frequency of the AM
component

Frequency of the FM
component

I L L
o 100 200 200 ano

Fig. 5. Frequency estimation results of AM/FM components
(@) AM-FM signal (b) Detected maximum/minimum
points (c) Envelope of maxima/minima, and
(d) Freguencies of the AM/FM parts.

a8 5 AME =1 FME 2ol =7t ats Fd Ll
=

E

@ AM-FM &5 (b) AEE A
E| gk (o) FCHaYE 2gtel 22 (d) AMFM
Mgo| Fuj%
= FM Aol Mass 49 % =
A g Astoltt 17 (a) A4
Azela (b= FHA Highat Hhgkelth

LS

= AdEE Adige] 2EHoR NE JRE Hol
M, AM &9 ks FA sk ARSET (d)
M= (b)e] =A<l Adigh/ A ngks &85t
A= FM Aol edsaaet (o= 4 AM A
ol EFIE A Bl (Dol FM A
o wiFa FAAE AAeR HAE fla
2 A0l wE o] &A1 AA ik sk A
S A FAE ATk 2 =l A ARk FM
el et ke F4E A HAud/HAA
o AEHe Vzstnr o A5 AEYRuE
S ARE SRS 2] witel 1’ S(d)ell A ek
ol ol& A9l gkt A} gle dae Belth w
A, FAR R Adea FEPol aHn. o2
& S AL (dollA] Belxo] Algka W

(1084)



Instantaneous Frequency Estimation of AM-FM Signals using the Inflection Point Detection 165

4
jutot
ol
L

[o

1.[11

ol
fd

all
o M
m |
ofo
p‘L

ox,
M oY

<
™
B>
= =

lo, My
Hx
o)
I M
k2
al
il
N
L
ol

e &
2,
0,
Q‘L
32

M B
>
=

fo 1 % fr 2B &
o
ol
8

o me

Al
[0
a2
‘O,
o
N
i
dot <y o

m \
Hog
4 iy
il
o
ox
¥
=
o
4
q,
td
o

o

Q‘L

Q

A °
BN

2

tjo
o

e
o o AN R
ol
oL
o
ol
o,

o Mz
ot lo,
o
S
N
)
b

a2
i)
ﬂ
o =
a2
i

ox Mt > de Mr e oE ox &
o
o
ol
ol
32
o L

M
o jg
M
o
N
K2
r
N
>~
)
o
X
> B
o o
Q‘L

M
M g
2
4

nle]

ok

o on
e

2~
™
ok

References

[1] B. Boashash, “Estimating and Interpreting the
Instantaneous Frequency of a Signal-Part 2:
Algorithms and Applications,” Proceedings of the
IEEE, vol.80, no.4, pp.540-568, 1992.

DOL 10.1109/5.135378

[2] B. Iem, “Sound Signal Analysis Using the
Journal of
IKEEE, vol.23, no.3, pp.893-898, 2019.

DOL 10.7471/ikeee.2019.23.3.893

[3] P. Maragos, J. F. Kaiser, and T. F. Quatieri,

“Energy Separation in Signal Modulations with

Time-Frequency Representations,”

Application to Speech Analysis,” IEEE Trans.
Sig. Proc., vol.4l, no.10, pp.3024-3051, 1993.
DOI:10.1109/78.277799

[4] B. Boashash, Time-Frequency Signal Analysis
and Processing: A Comprehensive Reference, 2nd
ed., San Diego, CA: Academic Press, 2016.

[5] J. F. Kaiser, “On a simple algorithm to calculate
the energy of a signal,” in Proc. of the 1990
International Conference on Acoustics, Speech,
and Signal Processing (ICASSP1990), pp.381-384,
1990. DOI: 10.1109/TCASSP.1990.115702

[6] B. Iem, “A Fixed Rate Speech Coder based

on the Filter Bank Method with Non-uniform
Bandwidth,” International Journal of Fuzzy Logic
and Intelligent Systems, vol.19, no.2, pp.129-133,
2019. DOL: 10.5391/1JKI1S.2019.19.2.129

[7] B. Iem, “A NonuOniform Sampling Technique
based on Inflection Point Detection and its Application
to Speech Coding,” Journal of Acoustical Society
of America, vol.136, no.2, pp.903-909, 2014.

DOI: 10.1121/1.4884882

[8] F. G. Stremler, Introduction to Communication
Systems, 3rd ed., Reading, MA: Addison Wesley,
1992.

— BIOGRAPHY ———

Byeong-Gwan Iem (Member)

1988 : BS degree in Electronic
Engineering, Yonsei University.
1990 : MS degree in Electronic
Engineering, Yonsei University.
1998 : PhD degree in Electrical
J [ b Engineering, University of Rhode
— Island.
1999~2001 : Senior Research Engineer, Samsung

Electronics.
2002~Present : Professor, Gangneung—Wonju National
University

(1085)



