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Abstract: Hilbert-Huang Transform, proposed by N. E. Huang in 1998, is a novel algorithm for nonlinear and 
non-stationary signal processing. Up to now, most of the researchers focus on the applications of HHT in different 
areas. However, in this paper we try to focus on the implementation of HHT in C and the possibility in porting to 
FPGA. With our implementation, IMFs with acceptable accuracy were achieved, which can be used in other 
applications. Since the program is written in ANSI C, it also offers a good portability in different platforms 
including hardware implementation (FPGA or ASIC). 
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1. Introduction 
Digital Signal Processing technology is widely used 

in Biomedical Engineering. As it is known, most of 
the biomedical signals, such as ECG and EMG, are 
nonlinear and non-stationary signals. However, most 
of the methods, e.g. Fourier Integral Transform, Fast 
Fourier Transform (FFT) and Wavelet Transform have 
a strong priori assumption that the signals being 
processed should be linear and/or stationary. They are 
actually not suitable for biomedical signals which are 
nonlinear and non-stationary. 

Hilbert-Huang Transform (HHT), a novel algorithm 
proposed by N. E. Huang in 1998, provides a possible 
solution to those nonlinear and non-stationary signals. 
The algorithm is composed of two main parts – 
Empirical Mode Decomposition (EMD) and Hilbert 
Transform. The first part will decompose the signal 
into Intrinsic Mode Functions (IMF) which will meet 
the requirement of the Hilbert Transform and then can 
be further analyzed to get the instantaneous 
frequencies of the original signals.  

HHT have been widely used in a variety of 
research areas, including researches in Biomedical 
Engineering, such as EEG, EMG, ECG, pulse wave 
and so on. Some fruitful results have been achieved. 
However, the HHT is a very computation oriented 

algorithm and will consume much time. 
Currently, most of the researches were based on the 

software (mainly in Matlab) implementation which 
may be not running fast enough for real time 
application, especially when running on an embedded 
platform such as home health care devices. What we 
are planning to do is trying to develop a hardware 
based real-time HHT analysis system. As the first step, 
we try to implement the HHT in ANSI C that is 
possible to migrate to other hardware description 
language to make the hardware implementation 
become possible, for example, migrate to FPGA or 
ASIC chip. 

2. Hilbert-Huang Transform 

The general accepted definition of Instantaneous 
Frequency (IF) is the derivative of an analytic signal. 
IF can be express with Hilbert Transform. The 
Instantaneous Frequency of a signal x(t) is 
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Here H[x(t)] is the Hilbert Transform of the signal 
x(t). However, not all kinds of signals have a 
meaningful IF according to equation (1). It’s only 
works on narrow band signal.  

2.1 IMF 
To make clear the limitation of Hilbert Transform 
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that most of the nonlinear and non-stationary signals 
can not have a meaningful Instantaneous Frequency, 
N. E. Huang proposed some restrictions to the signals 
which can have meaningful IF. The restrictive 
conditions called Intrinsic Mode Function (IMF). An 
IMF must satisfy the following two conditions [2]: 
1. In the whole data set, the number of extrema and 

the number of zero crossings must either equal or 
differ by one. 

2. At any data point, the mean value of the envelope 
defined by the local maxima and envelop defined 
by the local minima is zero. 

2.2 EMD 
As discussed above, an IMF has a meaningful IF 

using Hilbert Transform. However, most of the signals 
are not IMF. To solve this problem, N. E. Huang 
proposed the Empirical Mode Decomposition (EMD). 
This method can decompose the nonlinear and non-
stationary signals into finite IMFs, so we can have the 
Instantaneous Frequencies from those IMFs using 
Hilbert Transform. And add the IFs from IMFs 
together we can have the IFs of the original signal. To 
implement this method, a sifting process has been 
designed. The steps are: 

First, we extract the maxima and minima data 
points from the original signal x(t).  Then, interpolate 
all the maxima and minima data points separately with 
cubic spline to get the upper and lower envelopes, 
followed by the calculation of the mean of the upper 
and lower envelopes (m). After finding the m, the 
difference between the original signal and the mean 
can be calculated: 

( )h x t m   

If h is not an IMF, we set it as the original signal to 
repeat the above steps until get an IMF. If h is an IMF, 
it will be regarded as the IMF (imf) and the residua 
should be found as: r=x(t)-imf. Then the residua will 
be treated as the original signal x(t) and the above 
steps will be repeated to get another IMF. This process 
will be stopped when the residua r or imf satisfy the 
stop criteria. Finally the original signal can be express 
as the sum of all the IMFs and residua: 
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 Figure 1 

2.3 Hilbert Transform  
For signal x(t), the definition of Hilbert Transform 

is: 
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P is Cauchy principal value here. And for every 
IMF after EMD sifting, we do the Hilbert transform 
for them and calculate the corresponding analytic 
signal. After further processing we can expressed x(t) 
in a three-dimensional figure which is energy-time-
frequency distribution. 

3. Implementation 

3.1 Structure of The Program 
There are two main loops in the program. One is to 

extract IMFs (small loop). The other is to check if the 
residua meet the EMD stop criteria (big loop).  Figure 
1 shows the flow chat of the program. 

The first loop is to identify extremum data points 
and the mean of upper and lower envelopes for the ‘h’. 
If ‘h’ is an IMF, the iteration times of decomposition 
should be saved and the first loop should be stopped. 
If ‘h’ is not an IMF, set ‘h’ as the original signal and 
start the decomposition again. The mean between 
upper and lower envelopes of ‘h’ will be used to get 
another difference of the signals.  

The second loop is to verify if the EMD sifting 
should be stopped or not. About the EMD sifting, N. E. 
Huang gave such a description: the sifting process can 
be stopped either when the component, imfn or the 
residua, rn, becomes so small that it is less than 
predetermined value of substantial consequence, or 
when the residua, rn, becomes a monotonic function 
from which no more IMF can be extracted[2]. 
According to this description, stop criteria for EMD 
sifting can be set.  

Because the program needs to save both upper and 
lower envelopes, and the mean and difference between 
mean and originals, as well as IMFs, the program 
needs a large memory space. 

3.2 Experiments 
For testing our implementation, we took the ECG 

signal ‘sig100a’ from MIT-BIH Arrhythmia Database 
as the source signal. By decomposing the ECG signal, 
totally 11 IMFs were extracted from the original 
signal. The original ECG signal and the first to fifth 
IMFs are shown in Figure 2, other IMFs and residua 
are shown in Figure 3. 
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Figure 3 

We also tried to apply EMD sifting to other ECG 
signals and found that for different signals the execute 
time of program are different. That may because of the 
number of IMFs and iteration time of every IMF is 
depends on the complexity of signals. 
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To test the speed of the implementation, we 
compare the time consumed by our implementation 
and an implementation in Matlab running on the same 
PC. It was found that the C implementation is slightly 
faster than the Matlab implementation. 

4. Conclusions and Discussions 
We have done an effective EMD sifting system 

with pure ANSI C. With the program we can extract 
IMFs from nonlinear non-stationary signals. But the 
program needs a lot of memory, and for different 
signals it will take different execution time. So it still 
needs effort to improve the algorithm to make it uses 
as less memory as possible, and make the program 
running faster. At the other hand, it is also needed to 
modify the algorithm to make it be more “parallel” so 
suitable to be implemented in hardware (FPGA).  
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