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A simple second-order sine-based CIC (cascaded-integrator-comb)
compensator is presented. The design parameter is the integer b,
which depends on the number K of the cascaded CIC filters. The pro-
posed filter performs compensation efficiently using only three
additions/subtractions.

Introduction: A commonly used decimation filter is the cascaded-
integrator-comb (CIC) filter, which consists of two main sections: an
integrator and a comb, separated by a down-sampler [1]. The transfer
function of the CIC filter is given by
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where M is the decimation ratio, and K is the number of the stages.
Magnitude response of the filter exhibits a linear-phase, lowpass charac-
teristic given by

Hðe jvÞ
�� �� ¼ sinðvM=2Þ
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The above characteristic has a high droop in the desired passband that is
dependent upon the decimation factor M and the cascade size K.

Several schemes have been proposed to design the compensation
of the CIC filter’s passband droop, mainly in the narrow passband
[2–5]. The motivation behind the compensation methods is to appropri-
ately modify the original CIC characteristic in the passband such that
the compensator filter has as low complexity as possible. This Letter pre-
sents one simple compensator with only one parameter, which depends
on the number of cascade size K. Consider the normalised passband
frequency vp=p ¼ c=M , where c is the fraction of the total band after
decimation by M. The choice of the b for a given K depends on if the
compensation is in the narrow (tentative c , 1/2) or the wideband
(tentative 1/2 � c , 3/5).

Sine-based compensator: Consider the filter with the magnitude
response

Gðe jvÞ
�� �� ¼ 1þ 2�b sin2ðvM=2Þ

�� �� ð3Þ

Using the well known relation

sin2 a ¼ ð1� cos 2aÞ=2 ð4Þ

the corresponding transfer function is given as

GðzM Þ ¼ �2�ðbþ2Þ½1� ð2bþ2 þ 2Þz�M þ z�2M � ð5Þ

or

GðzM Þ ¼ A½1þ Bz�M þ z�2M � ð6Þ

where
A ¼ �2�ðbþ2Þ; B ¼ �ð2bþ2 þ 2Þ ð7Þ

The compensator filter has the scaling factor A and one coefficient B,
which requires only one adder. Additionally, the compensator can be
implemented at a lower rate after the downsampling by M by making
use of the multirate identity. A simple MATLAB program is used to
obtain the corresponding value of b for given M, K and c. Table 1
shows typical values of the compensation filter parameters for M ¼ 16
for narrow (c ¼ 1/8), as well as for wide passband (c ¼ 3/5).

Table 1: Typical values of compensation filter parameters for
M ¼ 16

Parameter K Narrowband parameter b, c ¼ 1/8 Wideband parameter b, c ¼ 3/5

2 2 1

3 2 0

4 1 0

5 0 21

6 0 21
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Fig. 1a shows the magnitude responses of the proposed compen-
sated CIC filters along with that of the CIC filter for several different
values of b and M ¼ 16, K ¼ 4, and c ¼ 1/8. Note that best compen-
sation in the narrow passband is obtained for b ¼ 1 (Fig. 1a). Fig. 1b
shows the compensation in the wideband for c ¼ 3/5, confirming that
the best compensation is obtained for b ¼ 0.
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Fig. 1 CIC and Compensated CIC filters

a c ¼ 1/8
b c ¼ 3/5

Results: We now compare the performance of the proposed compen-
sation filter with that recently reported in literature. Kim et al. [4] pro-
posed the use of a CIC roll-off compensation filter in a W-CDMA
digital IF receiver. The coefficients of the compensation filter are
given by

½�a=ð1� 2aÞ; 1=ð1� 2aÞ;�a=ð1� 2aÞ� ð8Þ

The performance of the compensation filter depends on the value
of a, which is obtained by minimising the corresponding error func-
tion. We compare the performance of our proposed filter with that
of a decimation filter designed using a CIC roll-off compensation
filter when the decimation rate is 11 and K ¼ 4 (Fig. 3 in [4]).
The corresponding value of a is 0.1799 [4]. The results are shown
in Figs 2a and 2b for narrowband (c ¼ 1/3) and wideband,
respectively.

The proposed filter exhibits better compensation in narrowband and
has less computational load. However, method [4] has better compen-
sation in the wideband (c � 3/5). Additionally the compensator of [4]
has two multipliers and the proposed compensator is multiplier-less
requiring only three adders.
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Fig. 2 Comparisons with method [4]

a In narrowband, c ¼ 1/3
b In wideband
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Conclusions: A simple multiplier free sine-based compensator with
only two adders is proposed. The number K of the cascaded CIC
filters defines the parameter b depending on whether the compensation
is in the narrowband or wideband. The proposed filter is convenient to
the passband CIC compensation in the band less than 3/5 of the total
band after decimation. Comparison with some known methods show
that the proposed method requires less computational efforts and is gen-
erally less complex.

Acknowledgment: This work is supported by the CONACYT grant No.
49640.

# The Institution of Engineering and Technology 2008
5 June 2008
Electronics Letters online no: 20081603
doi: 10.1049/el:20081603

G. Jovanovic Dolecek and S.K. Mitra (Department of Electronics,
Institute INAOE, 72000 Puebla, Mexico, and Department of Electrical
and Computer Engineering, University of California, Santa Barbara,
CA 93106, USA)

E-mail: gordana@inaoep.mx

References

1 Hogenauer, E.B.: ‘An economical class of digital filters for decimation
and interpolation’, IEEE Trans. Acoust. Speech Signal Process., 1981,
ASSP-29, (2), pp. 155–162

2 Kwentus, A., and Willson, A. Jr.: ‘Application of filter sharpening to
cascaded integrator-comb decimation filters’, IEEE Trans. Signal
Process., 1997, 45, (2), pp. 457–467

3 Yeung, K.S., and Chan, S.C.: ‘The design and multiplier-less realization
of software radio receivers with reduced system delay’, IEEE Trans.
Circuits Syst. I, 2004, 151, (12), pp. 2444–2459

4 Kim, S., Lee, W.C., Alm, S., and Choi, S.: ‘Design of CIC roll-off
compensation filter in a W-CDMA digital receiver’, Digit. Signal
Process., 2006, 16, pp. 846–854

5 Jovanovic Dolecek, G., and Mitra, S.K.: ‘On design of CIC decimation
filter with improved response’. Proc. Int. IEEE Conf. ISCCSP, March
2008, pp. 1072–1076
ETTERS 11th September 2008 Vol. 44 No. 19


