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In this paper, an improved frequency offset estimation algorithm is proposed. It can effectively utilize pilot symbols in orthogonal
frequency division multiplexing (OFDM) signals based on the Digital Radio Mondiale (DRM) system. In order to reduce the
computational difficulty, the difference values of adjacent pilot symbols in the DRM system are sequentially combined into a
pilot difference set. The pilot difference set is analyzed by inductive statistics so that the frequency offset estimator has higher
calculation efficiency and accuracy. Through the induction statistics of multiple groups of symbols, the contingency of results
can be effectively avoided. By comparing the performance of the proposed frequency offset estimator with that of the traditional
estimators, the proposed algorithm has higher frequency offset estimation accuracy.

1. Introduction

The system named as Digital Radio Mondiale (DRM) origi-
nally mainly used a digital radio broadcasting specification
below 30MHz [1]. As an important standard, DRM has been
widely used in digital broadcasting. In terms of the transmit-
ter, DRM has high quality within a given bandwidth, allow-
ing more stations to use various MPEG-4 audio coding
formats [2].

The DRM system multiplexes three logical channels, that
is, the fast access channel (FAC), the main service channel
(MSC), and the service description channel (SDC) [3]. FAC
is the channel for multiplexing data stream that contains
the information which begins decoding the multiplex and is
necessary to find the services. The FAC is distributed across
the transmission frames. The FAC block contains parameters
describing multiple services along with a cyclic redundancy
check (CRC) as well as parameters describing channels.
MSC is a multichannel data stream channel that occupies
the main part of the transmission frame and carries all digital
audio services, as well as possible support and additional data
services. SDC is the channel for the multiplexed data stream
that provides information for decoding and the services con-
tained in the multiplex. And each DRM transmission frame
includes pilot cells, data cells, and control cells [4]. Pilot cells

include time references, frequency references, and gain
references.

Due to its outstanding spectrum utilization efficiency,
orthogonal frequency division multiplexing (OFDM) has
been successfully adopted by multitudinous wireless commu-
nication systems on frequency-selective fading channels [5].
Using OFDM modulation makes it possible to implement
single-frequency networks (SFN) in broadcast systems such
as DRM [6].

In terms of a receiver, frequency offset has a crucial
impact on the quality of the audio. It has occurred due to
the Doppler effect, multipath phenomena, and noise interfer-
ence [7]. To ensure reception performance, frequency offset
estimation is necessary.

In general, carrier frequency offset estimation can be
roughly divided into two parts: post-FFT integer frequency
offset [8] and pre-FFT fractional frequency offset [9]. Based
on a large amount of research on synchronization algo-
rithms, it can be roughly divided into two categories: non-
data-assisted and training sequence-assisted.

Aiming at the OFDM system of frequency-selective fad-
ing channels, Jiang et al. proposed a frequency offset esti-
mator based on a frequency-domain training sequence
[10]. Chin proposed a time-domain non-data-assisted max-
imum likelihood (ML) estimation method based on the
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Doppler frequency for OFDM on doubly selective fading
channels [11].

Under the frequency-selective fading channel, the prob-
lem of sampling frequency offset estimation based on the
OFDM broadcasting system was proposed by Jung and You
[12]. C. Yan and M. Yan came up with an integer frequency
offset estimation algorithm which exploits the correlation of
frequency pilots to construct a novel angle vector [13]. The
residual carrier frequency offset estimation scheme of the
OFDM broadcasting system based on cyclic delay diversity
was proposed by Shin and You [14]. However, there is still
some residual frequency offset after adopting these methods
and the performance is not satisfactory. There is still room
for improvement in the accuracy of their estimation.

In this paper, based on the received audio data, the
method of estimating the integer frequency offset by using
an inductive method and calculating the fractional frequency
offset by using the correlation of the pilots has been pre-
sented. In order to prove the effectiveness of this method,
the mean square error (MSE) of each method is calculated
and compared. Based on theoretical analysis and simulation,
the proposed scheme is verified and it is proven that com-
pared with the original methods, the calculation difficulty
in this paper is significantly reduced and the accuracy is
higher.

2. The DRM System Model

The DRM transmitting signal consists of a series of OFDM
symbols, each of which contains a guard interval and a useful
part of the symbol. Each symbol is the sum of K sine wave
parts equally spaced in frequency. Each sine wave section is
called a “cell” and is transmitted at the corresponding carrier
position with a given phase and amplitude. Each carrier is
referenced by the index k, which belongs to the interval
½kmin, kmax� (k = 0 corresponds to the reference frequency of
the transmitted signal) [15]. Table 1 shows the reference
parameters of k.

Each transmission superframe consists of three transmis-
sion frames, including Ns OFDM symbols. Each transmis-
sion frame has duration of T f , and each one contains a set
of K carriers, which are transmitted as Ts. In the transmis-
sion frame, the symbol is numbered from 0 to Ns − 1. For
each reference cell, the defined amplitude and phase are
transmitted. The complex cell value is obtained.

cr,s,k = as,k ⋅Us,k, ð1Þ

where

Us,k = ej2πv1024 s,k½ �/1024, ð2Þ

where r represents the number of the transmission frame, s
indicates the OFDM symbol number, and as,k is the ampli-
tude, which selects one of the following values based on the
robust mode adopted, f1, ffiffiffi

2
p

, 2g.

For time references and frequency references in robust
modes A, B, and C, the phases v1024½s, k� can be defined.

v1024 s, k½ � = v1024 0, k½ �, ð3Þ

where the phases v1024½0, k� are specified in Table 2 [15].
For gain references, the phases are specified.

v1024 s, k½ � = 4Z256 n,m½ � + pW1024 n,m½ � + 12p2 1 + sð Þ mod 1024
� �

,
ð4Þ

where

n = s mod 3, ð5Þ

m = s
3

j k
, ð6Þ

p = k − 1 − 2n
6 , ð7Þ

where b⋅c represents the largest integer less than or equal to
its parameter.

Among them, the values of W1024 and Z256 are specified
in Table 3.

Combining the above, the transmitted signal is repre-
sented by the following expression:

x nð Þ = Re ej2πf Rn 〠
∞

r=0
〠
Ns−1

s=0
〠
kmax

k=kmin

cr,s,kψr,s,k nð Þk
( )

, ð8Þ

where Re f⋅g refers to finding the real part of the complex
number.

ψr,s,k nð Þ = ej2π k/Tuð Þ n−Tg−sTs−NsrTsð Þ,
0,

(
ð9Þ

where f R refers to the reference frequency of the radio fre-
quency signal, Tu represents the duration of a useful symbol,
Tg is the duration of the guard interval, and Ts is the duration
of a symbol.

Table 1: Carrier numbers for each robust mode.

Robustness mode Carrier
Spectrum occupancy (kHz)

4.5 5 9 10 18 20

A
kmin 2 2 -102 -114 -98 -110

kmax 102 114 102 114 314 350

B
kmin 1 1 -91 -103 -87 -99

kmax 91 103 91 103 279 311

C
kmin — — — -69 — -67

kmax — — — 69 — 213
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3. The Conventional Frequency Offset
Estimation Scheme

In this section, the traditional algorithms that use the charac-
teristics of the pilot symbols in the DRM system to estimate
integer frequency offset and the ML method to estimate frac-
tional frequency offset are mainly described.

3.1. Conventional Scheme A

3.1.1. Integer Frequency Offset Estimation. The conventional
integral frequency offset estimation method utilizes the cor-
relation between receiver symbols and time derivatives. The
receiver uses frequency reference cells (FRCs) to detect the
existence of the received signal and estimate its integer
frequency offset. The frequency references can be used for
various channel tracking processes [16].

A FRC is defined.

F kð Þ =
ffiffiffi
2

p
ej2πθ kð Þ/1024, ð10Þ

where the power gain of all frequency reference cells should
be

ffiffiffi
2

p
for robustness modes A, B, and C which is depicted

in [15] and 2πθðkÞ/1024 represents the phase rotation of
the pilot cell.

An integer frequency synchronization algorithm for the
DRM system based on frequency references is proposed.
The algorithm is introduced below [17].

Firstly, the algorithm needs Fast Fourier Transform
(FFT) operation to estimate the power spectrum of receiver
symbols.

Rfft kð Þ = 1
Na

〠
Na

i=0
〠

4Ns−1

n=0
x n + L − ið ÞNsð Þe−j 2π/4Nsð Þnk

�����
�����, ð11Þ

where Na is the amount of spectra used for averaging,
Ng +N =Ns, and L represents the symbol index.

In the case of frequency offset, the peak value of a pilot
symbol will be offset. The integer frequency offset can be
obtained by the displacement detection of the pilot symbols.

Δint =
f s
4Ns

arg max
d

〠
k

Rfft d + Pfac kð Þð Þ, ð12Þ

where

Pfac kð Þ = 4 ⋅ k ⋅
Ng

N
+ 1

� �
, ð13Þ

where Δint is the estimation of integer frequency offset, f s
represents the sampling rate, and d is the trial value of Δint.

3.1.2. Fractional Frequency Offset Estimation. A very small
residual frequency offset remains unchanged after the integer
frequency offset is estimated by the pilot symbols inserted
into the DRM signal subcarriers [18]. The most commonly
used algorithm for fractional frequency offset estimation is
the ML algorithm.

Assuming that integral frequency offset has been com-
pensated, the remaining fractional frequency offset is tempo-
rarily set as Δf . Since the pilot values are fixed in each symbol,
the phase difference value of the corresponding pilot symbols
of the two symbols is 2πΔf T , where T = Ts + Tg [19].

E x nð Þx∗ n +mð Þf g =
d2s + d2w, m = 0,
d2s e

−j2πΔ f , m =N , n ∈ I,
0, others,

8>><
>>: ð14Þ

where d2s and d2w represent the energy of useful symbol and
white Gaussian noise and I is the cyclic prefix of the symbol L.

The estimated time delay is expressed as follows.

τML = arg max
i

γ ið Þ − ρ ϕ ið Þj jj jð Þ, ð15Þ

where

γ ið Þ = 〠
n=i+Ng−1

n=i
x nð Þx∗ n +Nð Þ, ð16Þ

ϕ ið Þ = 1
2 〠
n=i+Ng−1

n=i
x2 nð Þ + x2 n +Nð Þ� �

, ð17Þ

ρ = SNR
SNR + 1 ,

ð18Þ

where SNR is the Signal-to-Noise Ratio (SNR). Then, the
fractional frequency offset can be obtained.

Table 2: Definition of phase parameters.

Robustness mode Carrier index, k Phase index, v1024 0, k½ �

A

18 205

54 836

72 215

B

16 331

48 651

64 555

C

11 214

33 392

44 242

Table 3: Parameter definition of matrix W1024 and matrix Z256.

W1024 n,m½ � = f
{512, 0, 512, 0, 512},

{0, 512, 0, 512, 0},

{512, 0, 512, 0, 512}}

Z256 n,m½ � = f
{0, 57, 164, 64, 12},

{168, 255, 161, 106, 118},

{25, 232, 132, 233, 38}}
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Δf = −
1
2π∠γ τMLð Þ, ð19Þ

where ∠ð⋅Þ stands for angle operation.
By this traditional algorithm, the fractional frequency off-

set is obtained.

Δ = Δint + Δf , ð20Þ

where Δ is the total frequency offset of the final estimation.
The traditional method mainly uses the power factor of

the pilot symbols to calculate the correlation. Due to noise
and multipath interference, the power factor of the pilot sym-
bols is inevitably affected so that the correlation peak may be
weakened. Combined with the above analysis, the implemen-
tation of this algorithm is complicated and unstable.

3.2. Conventional Scheme B. In the case of frequency selectiv-
ity, a pilot-assisted-based estimation method is proposed
[12]. The algorithm eliminates the need for channel state
information by a two-step correlation and obtains unbiased
estimation under frequency selective fading.

First of all, after FFT demodulation, the OFDM symbol
received at the kth subcarrier is obtained.

R kð Þ = H kð Þj j2 x kð Þj j2e j2πϕDtNs/Nð Þ + I kð Þ + Z kð Þ, 0 ≤ k <N ,
ð21Þ

where

I kð Þ = 〠
N−1

n=0,n≠k
H nð Þx nð Þejπ 2ϕ Ns+Ngð Þ/ N+ N−1ð Þ ϕ+n−kð ÞNð Þð Þ

� sin π ϕ + n − kð Þð Þ
N sin π ϕ + n − kð Þ/Nð Þ ,

ð22Þ

where HðkÞ is the frequency response of zero-mean channel
with variance σ2H , ϕ is the frequency offset including carrier
frequency offset and sampling frequency offset, Dt is the dis-
tance between two continuous gain reference cells (GRCs) in
the direction of time, and ZðkÞ is a zero-mean complex
Gaussian noise with variance σ2Z . Under the premise of not
losing universality, it is assumed that GRCs of length Np

are inserted symmetrically or uniformly at the subcarrier
positionf−kNp/2,−kNp/2−1,⋯,−k1, k1,⋯,kNp/2g. Thus, the esti-

mation of frequency offset is obtained.

Δ = N
2πDtNs

∑
Np/2
m=1 arg R kmð ÞR∗ −kNp/ 2+1−mð Þ

� 	n o
∑

Np/2
m=1 km + kNp/ 2+1−mð Þ

: ð23Þ

The above method is used to estimate the frequency offset
of the system as Δ. Conventional scheme B is aimed at
improving the accuracy of frequency offset estimation in
the case of frequency selective fading. This method estimates

the sampling frequency offset and the carrier frequency offset
as a whole, but there is still a small part of residue, and there
is still room for improvement.

3.3. Conventional Scheme C. Traditional algorithm C uses the
correlation of pilots to construct an angle vector for fre-
quency offset estimation [13]. M + 1 (M > 1) consecutive
received symbols are utilized by the algorithm. After two
adjacent symbols are conjugate multiplied, the power spec-
trum PiðkÞ of the corresponding carrier is obtained.

Pi kð Þ = Xi kð ÞX∗
i+1 kð Þ, 0 ≤ k <N , 0 ≤ i <M, ð24Þ

where XðkÞ is the function of xðnÞ after the Fourier
transform.

The phase of the power spectrum is obtained.

Phi kð Þ = ac tan Pi kð Þð Þ: ð25Þ

Define the angle vector as AngðkÞ.

Ang kð Þ = 〠
M−1

i=0
cos Phi kð Þð Þ + j 〠

M−1

i=0
sin Phi kð Þð Þ: ð26Þ

Thus, the frequency offset can be obtained.

Δ = arg max
d

Ang k1 + dð Þj j + Ang k2 + dð Þj j + Ang k3 + dð Þj jf g, 0 ≤ d <N ,

ð27Þ

where k1, k2, and k3, respectively, represent the position of
the frequency references. According to the characteristics of
the DRM pilots, the frequency offset value Δ is estimated.

3.4. Conventional Scheme D. Traditional method D proposes
a scheme to estimate frequency offset by cyclic delay and pilot
mode [14]. Perfect symbol timing recovery is assumed at the
receiving end. In the case of frequency offset, obtain the lth
received symbol signal.

R kð Þ =Hl kð ÞXl kð Þej2πΔc lNs+Ngð Þ/N +Wl kð Þ, ð28Þ

where Δc is the frequency offset normalized by the subcarrier
spacing andWlðkÞ is the contribution of the zero-mean addi-
tive white Gaussian noise (AWGN) with variance δ2W .

Supposing the channels fHt
l ðkÞ, t = 0, 1g are the fre-

quency flat, the channel transfer function is decomposed.

〠
k∈Sp

Hl kð Þj j2 = Np

2 H0
l kð Þ�� ��2 + H1

l kð Þ�� ��2� 	
+ S Np

� � ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
A2 + B2

p
cos

�
2π k1 + kNp

� 	
σ1

N
+ θ

0
@

1
A,

ð29Þ
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with

A =H0,I
l kð ÞH1,I

l kð Þ +H0,Q
l kð ÞH1,Q

l kð Þ, ð30Þ

B = −H0,I
l kð ÞH1,I

l kð Þ −H0,Q
l kð ÞH1,Q

l kð Þ, ð31Þ
where

S Np

� �
=
sin πNpDfσ1/N

� �
sin πDfσ1/N

� � , ð32Þ

θ = tan−1 B
A

� �
, ð33Þ

where Sp is a set of GRC containing Np elements and xI and
xQ represent the real and imaginary parts of x, respectively.

Then, use the GRC mode with the highest channel trans-
fer function power to estimate the frequency offset.

l̂ = arg max
l

〠
k∈Sp

Hl kð Þj j2
8<
:

9=
;: ð34Þ

The maximum value of the channel transfer function can
be approximated as the following formula:

Hl̂ kð Þ = 〠
k∈Sp

Hl∧ kð Þj j2: ð35Þ

The frequency offset is estimated.

Δ =
EsNpHl̂ kð Þ

2 ej2πΔcDtρ + 〠
k∈Sp

Ŵl̂ kð Þ, ð36Þ

where Dt is the periodicity of the GRC mode in the time
domain and ρ = ðNg +NÞ/N .

This method selects the time delay by looking for the
delay that makes the channel transfer function power differ-
ent. Then, the frequency offset is estimated once in the four
repeated pilot symbols to maximize the power of the channel
transfer function. Therefore, these conditions are used to
improve the frequency offset synchronization performance.

4. The Proposed Frequency Offset
Estimation Scheme

In this part, an algorithm of frequency offset estimation
based on inductive reasoning and correlation calculation of
symbols is proposed. Among them, the integer frequency off-
set estimation is mainly based on the time reference values of
the fixed positions in the standard. The fractional frequency
offset is mainly estimated by the correlation of two adjacent
symbols in the transmission frame.

4.1. Integer Frequency Offset Estimation. First of all, the trans-
mission signal with time reference values is called the first

signal of the transmission frame. The first signal is locked
by the timing synchronization precision method.

Xcor nð Þ = 〠
Ng−1

l=0
xH n + lð Þ ⋅ x n + l +Nð Þ, 1 ≤ n ≤Nl, ð37Þ

where Xcor represents the correlation between signals, n is the
index position in the OFDM signal, H represents the
conjugate transpose, and Nl is the desired signal length.

Posi max = arg max
n

Xcor nð Þj jf g, ð38Þ

where Posi max denotes the maximum position of the first
signal.

The length of a signal is intercepted from its maximum
position. The signal removed the guard interval and FFT
operation is performed.

Table 4: The channel parameters.

Path Property Channel 1 Channel 2 Channel 3

1

Gain 1 1 1

Delay (ms) 0 0 0

Df (Hz) 0 0 0

2

Gain 0 1 1

Delay (ms) 0 2 2

Df (Hz) 0 0 1.2

3

Gain 0 0 0.25

Delay (ms) 0 4 4

Df (Hz) 0 2 2.4

4

Gain 0 0 0.00625

Delay (ms) 0 0 6

Df (Hz) 0 0 7.2

2×103

2×10–2

4×10–2

6×10–2

8×10–2

4×103 6×103 8×103

Sampling point number
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Figure 1: Timing synchronization accuracy.
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xng nð Þ = x lð Þ, Posi max +Ng < l < Posi max +Ns, ð39Þ

X kð Þ = 〠
N−1

n=0
xng nð Þe−j2πk n/Nð Þ, ð40Þ

where xng represents the signal after removing the guard
interval and XðkÞ is the signal generated by FFT transforma-
tion.

Pi kð Þ = ∠ X kð Þð Þ
2π ∗N , ð41Þ

where PiðkÞ is the value of the time reference after recovery.
Assume that a, a + n, a +m⋯ are the correct positions

of pilot symbols, respectively.

Dp = Pi að Þ − Pi a + nð Þ, Pi að Þ − Pi a +mð Þ,⋯f g, ð42Þ

where Dp refers to the set of differences between the pilot
symbols.

After integer frequency offset occurs, e, e + n, e +m⋯
indicate the possible locations of pilot symbols.

Ep eð Þ = Pi eð Þ − Pi e + nð Þ, Pi eð Þ − Pi e +mð Þ,⋯f g, 1 ≤ e ≤N ,
ð43Þ

where EpðeÞ represents the possible difference set of pilot
symbols.

B = arg min
e

Dp − Ep eð Þ�� ��, ð44Þ

where B is the minimum set after the difference between the
two difference sets.

Suppose that when B reaches the minimum, its corre-
sponding position of the first pilot signal is h.

Δint′ = h − aj j: ð45Þ

By this inductive statistical method, the integer frequency
offset is estimated.

4.2. Fractional Frequency Offset Estimation. Based on the
position of the first signal obtained in the above section, the
angular difference of each position corresponding to the
guard interval between adjacent signals will be obtained.

A ið Þ = ∠ x Posi max + ið Þ ⋅ xH Posi max + i +Nð Þ� �
, ð46Þ

where i stands for the position of the guard interval of the
first symbol, whose scope is 0 ≤ i ≤Ng − 1.

Δf′ =
E A ið Þ½ �
2π ⋅N

, ð47Þ

where Δf′ is the estimated fractional frequency offset.

Δ′ = Δint′
N

+ Δf′ , ð48Þ

where Δ′ is the normalized frequency offset obtained by the
algorithm proposed in this paper.

Through the above method, the frequency offsets
obtained by estimating multiple groups of symbols are
sequentially placed in the set Δ″. Average this set.

10 12 14 16 18 20 22 24 26

SNR (dB)

10–3

10–4

10–5

10–6

10–7

M
SE

Conventional A
Conventional B
Conventional C

Conventional D
Proposed

Figure 2: MSE of the conventional algorithms and the proposed algorithm in channel 1.
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�Δ = E Δ″
h i

, ð49Þ

where �Δ is the final frequency offset.
The previous algorithms only preserve the pilot phase

factor in the correlation calculation. Considering the com-
plexity of the algorithm, only a small number of continuous
symbols are selected. The algorithm proposed in this paper
integrates the differences between pilots into a set and esti-
mates multiple groups of symbols, which greatly reduces
the contingency of experimental results. With more continu-
ous signals, the estimation accuracy is effectively improved.

In the case of a large calculation scale, the time complex-
ity of the algorithm is calculated by Οð f ðnÞÞ, where Οð⋅Þ
represents the order of magnitude and f ðnÞ represents the
function of the algorithm. Therefore, the time complexity
of the algorithm proposed in this paper is Οðn2Þ. The time
complexity of conventional scheme A is Οðn2Þ. The time
complexity of conventional scheme B is Οðn4Þ. The time
complexity of conventional scheme C is Οðn2Þ. The time
complexity of conventional scheme D is Οðn2Þ. In terms of
time complexity, the algorithm proposed in this paper is
the same as conventional scheme A, conventional scheme
C, and conventional scheme D. However, in terms of the dif-
ficulty of coding the algorithm, the code of the algorithm pro-
posed in this paper is easier to implement through formula
analysis. In summary, through the comprehensive analysis
of time complexity and difficulty of code writing, the
algorithm proposed in this paper is more computationally
efficient.

5. Simulation Results

In this section, simulations of the MSE of the estimated fre-
quency offset under the different SNR and channel condi-

tions will be obtained. The different parameters of the four
paths contained in each channel are shown in Table 4.

All frequencies mentioned in the simulation experiment
are normalized frequencies [20].

�Δ =
�Δf × 2
f s

, ð50Þ

where �Δf is the actual frequency.
Figure 1 shows the time synchronization result obtained

by Equation (37) and the highest position of the first signal
obtained by Equation (38) under the condition that the fre-
quency offset is normalized to 0.0313. The highest position
represents the position of the captured frame head. Thus,
the signal of one symbol length is intercepted from the frame
head position to estimate frequency offset.

Define the MSE for the frequency synchronization as M
ð�ΔÞ [21].

M �Δ
� �

= E Δ∧ − �Δ
�� ��2h i

, ð51Þ

where bΔ is the actual frequency offset and �Δ is the frequency
offset estimated by the proposed algorithm.

By introducing Equations (20), (23), (27), (36)), and (49)
into Equation (51), respectively, the MSE of the two tradi-
tional algorithms and the method proposed in this article
can be obtained under the corresponding channel environ-
ment. The results are shown in Figures 2–4.

Figures 2–4 show the comparison of the MSE between
the proposed algorithm in this paper and the previous algo-
rithms in channel 1, channel 2, and channel 3, respectively,
under different SNR conditions. These simulations are
carried out under the normalization of frequency offset to

10–2

10–3

10–4

10–5

10–6

10–7

M
SE

10 12 14 16 18 20 22 24 26

SNR (dB)

Conventional A
Conventional B
Conventional C

Conventional D
Proposed

Figure 3: MSE of the conventional algorithms and the proposed algorithm in channel 2.
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0.0313. As shown in Figure 2, in channel 1, the performance
of the algorithm in this paper is at least about 0.6 dB higher
than that of the original algorithms. As shown in Figure 3,
in channel 2, the performance of the algorithm in this paper
is at least about 0.6 dB higher than that of the original algo-
rithms. As shown in Figure 4, in channel 3, the performance
of the algorithm in this paper is at least about 0.6 dB higher
than that of the original algorithms. Through the comparison
of the three simulations, the MSE of the proposed algorithm
is smaller than that of the previous algorithms under the cor-

responding SNR in channel 1, channel 2, and channel 3.
Under the same channel, the better the SNR condition, the
higher the accuracy of the algorithm. The accuracy of the
estimation is reduced to a certain extent by the relatively poor
channel environment.

Through the above calculation method of MSE, Figure 5
shows the performance comparison of the MSE in three
channels under the corresponding conditions of different
SNR. This simulation is still carried out with the frequency
offset normalized to 0.0313.

10–3

10–2

10–1

100

101

10–4

10–5

10–6

M
SE
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Figure 4: MSE of the conventional algorithms and the proposed algorithm in channel 3.
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Figure 5: MSE of the proposed algorithm in each channel.
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It can be concluded from the simulation diagram that the
channel environment has a significant influence on the accu-
racy of frequency offset estimation. Obviously, under the
same SNR, the better the channel environment, the smaller
the MSE of the frequency offset estimation, which proves that
the channel environment with better quality can improve the
accuracy of frequency offset estimation to a certain extent.

6. Conclusions

In this paper, according to the characteristics of the inductive
statistics method and pilot symbols, a frequency offset esti-
mation algorithm for the DRM system is proposed. Then,
this algorithm effectively utilizes the pilot phase factor. In
the correlation calculation of fractional frequency offset esti-
mation, the structure of an angle vector availably reduces the
influence of multipath and noise. By comparing the MSE
between the proposed algorithm and the traditional
algorithms, the simulation results show that the proposed
algorithm can more effectively improve the accuracy of fre-
quency offset estimation.
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