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In this paper, we use symbolic transfer entropy to study the coupling strength between premature signals. Nu-

merical experiments show that three types of signal couplings are in the same direction. Among them, normal signal

coupling is the strongest, followed by that of premature ventricular contractions, and that of atrial premature beats is

the weakest. The T test shows that the entropies of the three signals are distinct. Symbolic transfer entropy requires

less data, can distinguish the three types of signals and has very good computational efficiency.

Keywords: premature signal, symbolic transfer entropy, signal coupling

PACS: 87.85.–d, 87.85.Ng DOI: 10.1088/1674-1056/21/1/018702

1. Introduction

People have found the synchronization of coupled
systems and related phenomena in many biological
systems, such as cardiopulmonary interactions and the
neural signal.[1,2] The detection of the presence of syn-
chronization and the dominant direction of coupling
between systems are very important. The direction
and intensity are coupled by the mutual valuation of
their ability to predict the magnitude of systematic
observation, and can be extracted by using informa-
tion theory methods.

In the description of information exchange be-
tween two related systems, mutual information is usu-
ally used. However, mutual information does not con-
tain the dynamic and directional information. In or-
der to study the dynamic and directional information
shared between two systems, Schreiber[3] proposed
transfer entropy in 2000.

Since the concept of transfer entropy was pro-
posed, it has been widely used.[1,2] However, trans-
fer entropy does have some deficits, such as the
long length of the data required and sensitivity to
noise, which restricts its application and general-
ization. Therefore, symbolic transfer entropy was
proposed[4] to deal with the above mentioned disad-

vantages. Symbolic transfer entropy combines sym-
bolic dynamics[5−11] and the transfer entropy method.
By calculating the symbolic transfer entropy, the di-
rectional and strength information of the coupling sys-
tem can be directly obtained, which is very convenient.

In this paper, we use symbolic transfer entropy to
study the coupling strength between premature sig-
nals. The numerical calculation shows that it has
very good computational efficiency in determining dif-
ferent coupling characteristics between the premature
signals.

2. Theory

2.1. Symbolizing the time series

Assuming that the electrocardiogram (ECG) se-
quence is X, X = {x0, x1, x2, . . . , xi, . . . , xN}, and the
sequence length is N , sequence X is transformed into
a sequence of symbols S = {s1, s2, . . . , si, . . . , sN}, s ∈
A (A = 0, 1, 2, 3). The specific conversion method is
as follows.

We calculate the mean values of the signals
greater than zero and the signals less than zero of the
sampled ECG signal separately, and they are denoted
by u1 and u2, respectively. Then
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si(xi) =


0 : u1 < xi < (1 + a)u1 or (1 + a)u2 ≤ xi < u2,

1 : (1 + a)u1 < xi < ∞ or −∞ < xi < (1 + a)u2,

2 : (1 − a)u1 < xi < u1 or u2 ≤ xi < (1 − a)u2,

3 : (1 − a)u2 ≤ xi ≤ (1 − a)u1,

(1)

where i = 1, 2, . . . , N , and a is a constant parameter.
If the value of a is too large or too small, the details in
symbolizing the original time series into the symbolic
sequences will be lost, and the dynamic information in
the signals cannot be captured. Here we take a = 0.05.

2.2.Calculating the symbolic transfer

entropy

Suppose xi = x(i), yi = y(i), i = 1, . . . , N , which
represent the two observed time series. The value
of yi+1 is predicted by the previous samples xi and
yi. And the deviation is quantified by the generalized
Markov property, p(xi+1|xi, yi) = p(xi+1|xi), where
p is the transition probability density. If no Markov
deviation exists, which indicates that Y has no effect
on X, then the transfer entropy can also be seen as
the permutation entropy between p(xi+1|xi, yi) and
p(xi+1|xi).

The transfer entropy between sequences X and Y

is defined as

TX→Y =
∑

p(xn+1, x
(k)
n , y(l)

n ) log
p(xn+1|x(k)

n , y
(l)
n )

p(xn+1|x(k)
n )

,

(2)
where xn and yn represent the state at time n, and x

(k)
n

represents xn, . . . , xn−k+1, usually k and l are taken
to be 1.

Two sets of data of different leads are acquired
simultaneously for the same individual, and they are
symbolized and then denoted as S and J , respectively.
Using formula (2), the symbolic transfer entropy can
be calculated as

TS→J =
∑

p(sn+1, s
(k)
n , j(l)

n ) log
p(sn+1|s(k)

n , j
(l)
n )

p(sn+1|s(k)
n )

. (3)

3. Data analysis

Ten normal sinus rhythm signals (NOR) are taken
from the MIT-BIH Normal Sinus Rhythm Database,
and 10 atrial premature beats (APB) and 10 ventricu-
lar premature signals (PVC) are taken from the MIT-
BIH Arrhythmia Database. Each piece of data con-
tains two values from the left upper limb lead (aVL)
and the unipolar chest lead (V6).

3.1. Symbolized signal sequences

To demonstrate the symbolized signal sequences,
we symbolize a normal ECG signal with a length of
500, which is shown in Fig. 1.
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Fig. 1. The symbolized time series.

3.2. Symbolic transfer entropies of dif-

ferent length signals

For each of the three time series, the symbolic
transfer entropy values between the aVL and V6 leads
at different lengths are calculated. The 1000, 2000,
3000, . . . , 8000 points are taken, respectively. The
results are shown in Fig. 2.

1000 3000 5000 7000 9000 
0 

0.02 

0.04 

0.06 

0.08 

Length of series 

T
ra

n
sf

e
r 

e
n
tr

o
p
y
 

NSR 
VPC 
APB 

Fig. 2. The symbolic transfer entropies of different

lengths.

The results show that the symbolic transfer en-
tropies of the sequences are basically convergent after
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reaching a certain length. So, the symbolic transfer
entropy method requires less data and has a high com-
putational efficiency.

3.3. Symbolic transfer entropies of three

kinds of ECG signals

Ten samples are taken from normal signals, atrial
premature beats and ventricular premature beat sig-
nals, and each sample has a length of 3000. The sym-
bolic transfer entropies are calculated and shown in

Fig. 3 and Table 1.
It can be found from Table 1 that the mean values

of the symbolic transfer entropies for the three signals
are 0.0528, 0.0351 and 0.0198, respectively, and all of
them are greater than 0. This indicates that all of the
coupling directions of the three signals change from
the aVL lead to the V6 lead, and that the coupling
strength of the normal signal is the strongest, that of
the premature ventricular contractions is the second
strongest, and that of the atrial premature beats is
the weakest.

NOR VPC APB
0

0.02

0.04

0.06

0.08

0.10

T
ra

n
fe

r 
e
n
tr

o
p
y

NOR
VPC
APB

NOR VPC APB
0

0.02

0.04

0.06

0.08

0.10

T
ra

n
fe

r 
e
n
tr

o
p
y

NOR
VPC
APB

(b)(a)

Fig. 3. (a) The symbolic transfer entropies of 10 samples of NOR, PVC and APB signals, and (b) their averages

and standard deviations.

Table 1. The symbolic transfer entropies of three signals.

1 2 3 4 5 6 7 8 9 10

NOR 0.0448 0.0434 0.0361 0.0412 0.0566 0.081 0.0607 0.0547 0.0521 0.0422

VPC 0.0362 0.0441 0.0412 0.0515 0.0249 0.0371 0.0313 0.0265 0.0323 0.0259

APB 0.0366 0.0211 0.0103 0.0231 0.0114 0.0097 0.0182 0.0212 0.0231 0.0236

Finally, the T test is performed. Comparing the
premature ventricular contractions with the normal
signals, the calculation shows t = 3.845 > t0.05(18),
where t is the T test value. So at confidence level
P < 0.05, the premature ventricular contractions and
the normal signals have a significant difference. There-
fore, the mean symbolic transfer entropy between the
aVL and V6 leads of the premature ventricular sig-
nals is significantly less than that of the normal sig-
nals. Comparing the premature ventricular contrac-
tions with the atrial premature beats, the calculation
shows t = 2.917 > t0.05(18). So at P < 0.05, the pre-
mature ventricular contractions and the atrial prema-
ture beats have a significant difference. A conclusion
can thus be drawn that the mean symbolic transfer

entropy between the aVL and V6 leads of the atrial
premature beat is significantly less than that of the
premature ventricular contraction.

4. Conclusion

In this paper, symbolic transfer entropy is used
to analyze the coupling relationship between aVL and
V6 leads for normal signals, atrial premature beats
and ventricular premature beat signals. It is shown
that all of the coupling directions for the three sig-
nals change from the aVL lead to the V6 lead. At the
same time, it is found that the coupling strength of
the normal signal is strongest, that of the premature
ventricular contraction is the second strongest, and
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that of the atrial premature beat is the weakest. The
T tests show that the three signals are significantly
different.

References

[1] Bahraminasab A, Ghasemi F, Stefanovska A, McClintock

P V E and Kantz H 2008 Phys. Rev. Lett. 100 084101

[2] Cao Y W, Song S Y and Xiao J H 2010 Acta Phys. Sin.

7 5164 (in Chinese)

[3] Schreiber T 2000 Phys. Rev. Lett. 85 461

[4] Staniek M and Lehnertz K 2008 Phys. Rev. Lett. 100

158101

[5] Zheng W M and Hao B L 1994 Practical Symbolic Dy-

namics (Shanghai: Shanghai Science and Technology Ed-

ucation Press) p. 26

[6] Liu Y 2006 Symbolic Dynamics Analysis in the EEG Sig-

nal Processing Applications (Shantou: Shantou Univer-

sity)

[7] Shreiber T and Schmitz A 1996 Phys. Rev. Lett. 77 635

[8] Shen M F, Liu Y and Lin L X 2009 Chin. Phys. B 18 1761

[9] Song A L, Huang X L, Si J F and Ning X B 2011 Acta

Phys. Sin. 60 020509 (in Chinese)

[10] Gao Z Y and Lu Q S 2007 Chin. Phys. 16 2479

[11] Sun L S, Kang X Y and Lin L X 2010 Chin. Phys. B 19

110507

018702-4


