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Abstract

Purpose: The aim of this study was to apply a Lempel-
Ziv complexity measure for quantifying biomedical signals 
and images.

Material and methods: We analyzed angiogenic patterns 
and the signals (the heart rate, the respiration rate and 
the blood oxygen concentration). Biomedical signals were 
obtained by means of Internet. Medical images were from 
Department of Pathophysiology of Pregnancy Medical Uni-
versity of Białystok. 

Results: The values of normalized complexity measures 
for respiratory rate signal are high, what indicates that 
this time series is close to unstructured randomness. The 
Lempel-Ziv complexity values for angiogenic patterns were 
growing with the FIGO stage of disease.

Conclusions: Lempel-Ziv complexity may be a very help-
ful tool in analyzing the signals and images. It can be easily 
computed from the analysed data.

Key words:  signal and image processing, Lempel-Ziv com-
plexity measure, angiogenic patterns, biomedi-
cal time series.

Introduction

Lempel and Ziv proposed a useful complexity measure, 
which can characterize the degree of order or disorder and 
development of spatiotemporal patterns [1]. In the first step 
the signals and images are transformed into binary sequences. 

Lempel-Ziv algorithm gives the number of distinct patterns 
contained in the given finite sequence. After normalisation the 
relative Lempel-Ziv complexity measure (L-Z measure) reflects 
the rate of new pattern occurrences in the investigated series of 
the symbols. L-Z values range from near 0 (deterministic equa-
tion) to 1 (totally destructured random pattern  white noise). 
That is a new approach for quantifying of medical signals and 
images [2,3]. The program for Lempel-Ziv complexity analysis 
was written in C++.

Materials and methods

Biomedical time series 
The data were obtained via PhysioNet (http://

www.physionet.org/physiobank/santa-fe). PhysioNet offers free 
Internet access to various kinds of recorded physiological signals 
and related open-source software [4,5]. PhysioNet is a public 
service of the Research Resource for Complex Physiological 
Signals created under the auspices of the National Center 
for Research Resources of the National Institutes of Health 
(USA).

These multivariate data were obtained from a sleeping 
patient and contain three simultaneously recorded signals: 
heart rate (signal s1), which is defined through the number 
of heartbeats per minute, respiration rate (or chest volume) 
– signal s2 and blood oxygen concentration (measured by ear 
oximetry) – signal s3. The respiration rate and the blood oxygen 
concentration are given in uncalibrated analog-to-digital con-
verted units. For these three time series the sampling frequency 
was 2 Hz. The studied patient shows sleep apnea. Sleep apnea 
is a disorder in which a person stops breathing during the night 
(sometimes a hundreds of times). He stops breathing for up to 
45 seconds.

These signals were divided into 8 segments. Each segment 
contained 2 000 elements.
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Angiogenic images
Quantification of angiogenesis is a valuable prognostic tool 

for tumor progression and metastasis [6,7]. Angiogenic images 
were from Department of Pathophysiology of Pregnancy  Medi-
cal University of Białystok. We analyzed 42 angiogenic patterns 
which were divided into three groups: group A  I FIGO stage of 
disease (n = 19), group B  II FIGO stage of disease (n = 13) and 
group C  III FIGO stage of disease (n = 10).

The images were binarized by means of Otsu method [8].

The Lempel-Ziv Complexity Measure – algorithm
The signal to be analyzed is transformed into sequence 

whose elements are a few symbols. The binary sequence is 
simple to construct: the data values below or equal the mean 
have the symbol “1” and the values above the mean have the 
symbol “0”. This algorithm gives the number of distinct pat-
terns contained in the given finite sequence S=s1, s2, …, sn [9]. 
The calculation of c(n) (Lempel-Ziv complexity) proceeds on 
diagram (Fig. 1). 

This method uses comparison and accumulation so the 
computation of c(n) is easy to calculate.

The Lempel-Ziv of the totally random sequence of length n 
consisting of two different symbols with equal probabilities is 

If we divide the complexity of the sequence by the complex-
ity b(n) of the random sequence, we get the normalized Lempel-
Ziv C(n), which does not depend on the length of the sequence 
when n is large 

Results

The  mean  values  of Lempel-Ziv complexity  for  biomedi-
cal  signals are:

1. The high L-Z complexity value for respiratory rate 
signal indicates that this time series is close to unstructured 
randomness.

2. The mean values of Lempel-Ziv complexity for ang-
iogenic patterns are.

3. The Lempel-Ziv complexity values were growing with 
the FIGO stage of disease.

Conclusions

The values of normalized complexity measures for respira-
tory rate signal are high, what indicates that this time series is 
close to unstructured randomness. The Lempel-Ziv complexity 
values for angiogenic patterns were growing with the FIGO 
stage of disease. We conclude that Lempel-Ziv complexity may 
be a very helpful tool in analyzing the medical images and bio-
medical time series. It can be easily computed from the analyzed 
data.
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Figure 1. Flow chart of the computer program for calculation of 
Lempel-Ziv complexity (modified from [10])
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