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Abstract²Measurement of gait parameters can provide 

LPSRUWDQW� LQIRUPDWLRQ� DERXW� D� SHUVRQ¶V� KHDOWK� DQd safety. 

Automatic analysis of gait using kinematic sensors is a newly 

emerging area of research. We propose a new approach to detect 

gait episodes using Neural Network and and clustering of 

wavelet-decomposed spectrogram images. Signals from a chest-

worn inertial measurement unit (IMU) is processed using Explicit 

Complementary Filter (ECF) to estimate and track torso angle. 

Using the feature obtained from wavelet decomposition of 

spectrogram images, we use an Augmented Radial Basis Neural 

Network (ARBF) to classify walking episodes. Cluster centroids 

of ARBF are optimized using Rapid Cluster Estimation (RCE). A 

pilot study of 11 participants suggests that our approach is able 

to distinguish between walk and non-walk activities with up to 

85.71% sensitivity and 91.34% specificity. 

 

I. INTRODUCTION 

Measuring the frequency and length of walking activities 
are useful for monitoring health condition assessing treatment 
efficacy [1]. Passantino reported strong correlation between 
the chance of survival and changes in the distance walked for 
patients with chronic heart failure [2]. Walking is a complex 
process. It involves complex involuntary coordination of the 
limbs and torso [3]. Gait cadence (step rate) can be 
determined from small swings in torso angle in the sagittal 
plane due to the periodic shifting of moment of inertia that 
occurs on each phase [4].  

Previousy Barralon has classified walk episode by 
calculating spectral energy from Short-time Fourier transform 
(STFT) and wavelet energy from Discrete Wavelet Transform 
(DWT) [4]. Barralon reported detection sensitivity of 78% and 
specificity of 68.7%. Bidargaddi uses similar approach using 
waist-worn accelerometer to distinguish walking from other 
high impact activities with 89.14% sensitivity and 89.97% 
specificity [1].  

This research aims to develop more-accurate gait cycle 
analysis for ambulatory monitoring systems, such as those we 
are working on at University of Technology Sydney Centre for 
Health Technologies [5]. 

This paper describes a new approach for gait episode 
detection using signals from a chest-mounted IMU. It is 
divided as follows. Section II explains the development 
infrastructure. Section III describes the method. Section IV 
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presents the data collection. Section V presents results and 
analysis, and Section VI provides conclusions. 

II. OVERVIEW 

This pilot study used a Shimmer MEMS kinematic module 
with a 9DoF daughterboard. The 9DoF board has a Freescale 
MMA7361 tri-axial accelerometer, a Honeywell HMC5843 
magnetometer, and an InvenSense500 gyroscope. 

Data collection and an Attitude Heading Reference System 
(AHRS) is run externally in J2SE running a custom driver, 
with 3-D visualization under jMonkey Engine. The IMU 
samples at 50 Hz [6]. We do algorithmic prototyping in 
MATLAB. The device is strapped on tKH�SDUWLFLSDQW¶V�FKHVW�LQ�
a way that the torso angle can be observed directly from the 
pitch measurement. During walking, the frequency of torso-
swing ranges from 0.6 to 2.5 Hz, [4, 7], so we sample data for 
processing at 20Hz. 

III. METHOD 

The method includes three processes: torso angle 
estimation, time-frequency signal processing, and spectrogram 
image processing. First, the orientation quaternion q of the 
sensor is estimated using the explicit complementary filter 

(ECF) [8] applied to measurements of angular velocity Z and 
acceleration a. 3LWFK� LQIRUPDWLRQ� �� LV� FDOFXODWHG� IURP� the 
sensor orientation. The signal is then convolved with a digital 
band pass filter (bpf) with cutoff frequencies of 0.5Hz and 
5Hz WR� \LHOG� �bpf. Autocorrelation is used to minimize noisy 
signals on �bpf. The Discrete Fourier Transform (DFT) is then 
be applied to the autocorrelated signal XVLQJ�%DUWOHWW¶V�PHWKRG�
to extract the spectrogram S(f,t). Overlapped spectrograms are 
averaged. The spectrogram image from 0Hz to 5Hz is cropped 
and transformed using discrete wavelet transform (DWT) to 
the third order using Haar wavelet. This image feature is used 
as the input to the Augmented Radial Basis Neural Network to 
classify whether the activity is walking or not walking. The 
learning process consists of the use of Rapid Centroid 
Estimation (RCE) to determine optimal cluster centroids for 
the training set. The block diagram describing the gait cycle 
classification algorithm can be seen in Figure 1. 

A. Torso Angle Estimation 

Torso angle is estimated using ECF applied to the 
information from the gyroscope and accelerometers [8]. Our 
initial tests suggest that the information provided by these two 
sensors is sufficient to estimate torso angle.  
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