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Abstract—Bioimpedance signal is often influenced by 
baseline wander due to respiration, etc., which brings 

adversely effect to clinical analysis and measurement. In order 

to eliminate baseline wander of bioimpedance, a new method 

based on LabVIEW is proposed to remove the baseline 

wander using cubic spline interpolation with fiducial points 

determined from valleys of bioimpedance wave after analyzing 

the advantages and disadvantages of existing methods. After 

eliminating the baseline wander, the bottom waveform of 

bioimpedance is very orderly, and the original signal is 

distortionless. The results in simulation and experimental 

measurement show that the proposed method is effective. 

I. INTRODUCTION  

aseline wander is one of important factors that affect 
the detection of thoracic electrical bioimpedance 

signal. The bioimpedance signal is weak and its frequency 
is low (between 0 and 10 Hz), therefore, it is easy to be 
interfered by noises due to respiration and electrode. The 
wander makes the choice of feature points and wave 
analysis rather difficult and affects the accuracy of cardiac 
output calculated according to kubick formula, the signal 
even can not be analyzed when the wander is too serious. 
During traditional measurement, holding your breath is 
necessary, which is inconvenient and limits its use. 
Therefore, removing the baseline wander is a very 
indispensable preprocessing process for analysis and 
detection of thorax bioimpedance signal. There are six main 
methods as following: (a) Correlation of the average: this 
method does not reflect the heart function of each heart beat 
state and lose some information. (b) Per beat baseline 
method: the determination of emendation depends on the 
correct choice of some feature points, so results are better 
only with minimal interference. (c) Wavelet Transform: the 

characteristics of the method are high precision but heavy 
calculation and complex scale choice. (d) Interpolation: this 
method firstly needs to extract some points on the baseline, 
but which points are needed is the prerequisites related to 
the accuracy of the results. (e) Filtering: filtering is rather 
commonly used, but the signal frequency range is 0~10Hz 
while the wander frequency range is 0.5~1.5Hz, then some 
very important ULF components will be lost if improper 
filtering. (f) Parabola method: fitting complex for general 
micro-processing system, it is difficult to guarantee the 
computational speed to meet the real-time requirements. 
Among these methods, except for wavelet method, others 
are rare used for removing thoracic impedance baseline 
drift. 

Baseline drift interference means a slow rate of small 
signal change superposed on the thoracic impedance signal, 
if we can forecast the baseline signal trend according to 
previous signal, then the low frequency drift can be 
removed effectively. A new method based on LabVIEW is 
introduced to remove the baseline drift using cubic spline 
interpolation with fiducial points determined from valleys 
of bioimpedance wave, and the results are better. 

II.  PRINCIPLE AND METHOD 

A. Cubic spline interpolation principle 

Spline interpolation is a kind of interpolation which can 
overcome higher polynomial interpolation range 
phenomenon and guarantee of smooth. It is noteworthy that 
the smooth key of curve interpolation subparagraph of 
paragraph is the convergence of points (nodes). 
     The basic processes are as follows: 

     (a) Construction nodes ),( ii yx , where, ix  is value, 
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and iy  is the time point corresponding to the value. 

     (b) sample
nxnew =  means the abscissa of 

interpolation points, 1,......2,1,0 −= nn . 

(c) Assuming  ],[ 1+∈ iinew xxx , the interpolation 

expression on newx  are as following: 
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second difference quotient at 1−ix ， ix ， 1+ix 。 

B.  Interpolation benchmark points selection 

    In this paper, cubic spline interpolation is used at the 
“benchmark point” of thoracic impedances signal resulting 
in a smooth curve to estimate the actual baseline thoracic 
impedance. The accuracy of the method is whether correct 
reference points can be found or not. Current information in 
the literature reported about using cubic spline interpolation 
to process the baseline drift of thoracic impedance signal is 
very little, therefore there is no reference. Through visual 
inspection and hand-painted massive thoracic impedance 

baseline drift profile, we find the drift contours close to 
impedance valley location. So in this paper we boldly 
assume the valley locations as the interpolation benchmark 
points, and the facts also show that this assumption is 
successful. 

One crucial input of automatic detection wave valley 
model in LabVIEW Signal Processing Kit is the signal to be 
processed and another is choice item: valley or peak to be 
detected, here valley is used. But using this model, the 
whole minimum points are detected, we only need the 
valley of each integrity cycle wave (Fig. 1). For the whole 
waveform, there is a big difference between the amplitude 
of the wave trough and other points of the minimum, so it is 
need to choose threshold screening. This experiment set 
threshold value of 2000. 

           

 
Fig.1 Valley choice of impedance signal 

III. CONCRETE REALIZATION STEPS OF REMOVAL OF THE 

BASELINE DRIFT 

The thoracic impedance wave in this experiment is 
acquired with the electrodes pasted on the neck and 
abdomen, and the sample rate is 500Hz. Before analysis, 
digital filter processing is needed to get clean and noiseless 
signal. In the study, we process the signal with Butterworth 
low-pass filter: directly call Butterworth filter in LabVIEW 
signal processing module, and the corresponding parameter 
settings are as follows: filter type: low-pass, sampling freq: 
500Hz, low cutoff freq: 30Hz. This filter can be used to 
remove interference, reserve useful frequency components, 
and maintain the shape of the original waveform. Overall 
flow chart of computer processing is shown in Fig 2: 

Among Labview, commonly used spline interpolation 
functions are two modules, namely spline interpolant and 
spline interpolation, shown in Fig. 3:    
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Fig.2 The process of removing baseline wander 

    

                                                                                                         
Fig.3 Spline interpolation function module 

The input X and Y are arrays, here X is independent 
variables, while Y is the dependent variable 

( nixfy ii Λ2,1,0),( == ). The size of X and Y must be 

same. Otherwise, the output will be empty and display error. 
For spline interpolation, the input initial boundary and final 

boundary are the derivative of function )( ixf  at point 

0x  and 1−nx , namely )( 0xf ′  and )( 1−′ nxf . The 

default value is 3000.1 +E ,and the module under this 
default condition will produce a nature spline function. 

Interpolation is the second derivative of )( ixf  at each  

point, namely 1,2,1,0),( −=′′ nixf i Λ 。 

A.  Experimental simulation waveforms 

To verify the above results, the simulation waveform is 
firstly used in experiment:   
（1）Simulation waveform is the impedance signal under 
the condition of no breath, as shown in Fig. 4（a）1. 
Secondly, the sine wave ( 0.2Hz, 330mv) and cosine wave 
(0.45Hz, 220mv) are added to form artificial baseline to 

simulate the typical baseline drift caused by respiration as 
shown in Fig.4(b). Fig.4(c) shows the superposition of clean 
impedance signal and the compositive drift signal. 
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Fig.4 The process of yielding artificial baseline and experiment results   

(a) clean impedance signal; (b) artificial baseline; (c) signal (a) combined 

with signal (b) 

 （2）the baseline drift is removed from the compositive 
signal. First, the feature point is chose as the benchmark 
points, then the baseline is fitted using spline interpolation, 
and finally the fitting baseline is removed from the 
compositive signal as shown in Fig.5(b). 
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Fig.5 The results of removing artificial baseline 

(a) impedance signal before filtering; (b) impedance signal after filtering 

B. Measured waveforms and test 

Measured waveforms and process results are shown in 
Fig.6. The number of waveform in Fig.6 is relatively small 
and waveforms are also enlarged to be observed clearly. 
Fig.6 (a) is the original waveform and we can obviously see 
the baseline drift wave oscillation. Fig.6(d) shows the result 
of removing drift. The elimination of baseline waveform at 
the bottom is very neat, and there is no variation or 
distortion in comparison with to the original signal, which 
reach the experimental research purposes. 
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Fig.6 The process of removing a real impedance signal baseline wander 

(a) the original signal; (b) choosing the impedance valleys as fiducial 

points; (c) baseline curving from fiducial points; (d) the impedance signal 

after removing baseline drift.(notes: in this figure the marker of X-axes 

shows time (s),while in fig.4 and fig.5 the X-axes shows sampling 

points ,this will be easy to compare the partial and the whole signal) 

IV. RESULTS AND DISCUSSION 

    This paper presents a cubic spline interpolation 
technology to remove baseline drift in thoracic impedance 
signal. The measure and simulation experiments have 
achieved good results. LabVIEW with powerful signal 
processing function make the method very convenient and 
practical. In experiments, the method is applied to cerebral 
blood flow and ECG signal whose baseline drift is similar 
to impedance signal disturb caused mainly by respiration 
and the results show that the method is effective. The 
algorithm has been applied in the clinical diagnosis of 
hospitals and achieved very satisfactory results. 
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