
 

HOW TO DERIVE GAIT PARAMETERS FROM A� ACCELERATIO�-BASED GAIT TEST? 

1
 Rachel Senden, 

1
Stijn Bolink S, 

1
Ide Heyligers, 

2
Kenneth Meijer, 2Hans Savelberg, 1Bernd Grimm 

 1Department Orthopaedics & Traumatology , AHORSE Foundation, Atrium Medical Center, Heerlen, The Netherlands 
2
Department of Human Movement Sciences, Nutrition and Toxicology Research Institute Maastricht (NUTRIM), Maastricht 

University,Maastricht, The Netherlands 

E-mail: rach_senden@yahoo.com 

 

SUMMARY 

Objective acceleration-based gait analysis (AGA) becomes 

increasingly popular in clinical practice as functional 

outcome tool. Based on algorithms detecting specific peaks 

in the acceleration signal, several gait parameters (e.g. step 

length), can be derived. The accuracy of the produced gait 

parameters depends on a correct peak detection. Several 

algorithms, relying on different axis and principles are 

currently available. This study compares the accuracy of 

these algorithms by comparing their produced gait 

parameters with parameters derived via manual peak 

detection. All algorithms showed good agreement with the 

manual detection for basic gait parameters (e.g. step time, 

step length). However less agreement was found for the step 

time asymmetry, which relies on a perfect peak timing. No 

preference for one axis or one specific principle was shown. 

A combination of different algorithms is recommended to 

accurately determine gait parameters from accelerations. 

 

I�TRODUCTIO� 
Acceleration-based gait analysis (AGA) as functional 

outcome becomes increasingly popular in clinical practice 

[1]. Based on the consideration that the dynamics of gait can 

be modelled as an inverted pendulum, specific trunk 

acceleration peaks can be related to specific phases of the 

gait cycle [2]. This enables to identify individual steps and to 

derive various gait parameters (e.g. step length) from 

accelerations. The accuracy of these gait parameters depends 

on the detection of correct peaks in the acceleration signal. 

Various methods relying on different axis and principles can 

be used to identify the peaks. For instance the previously 

published “Zijlstra algorithm” [2] uses the butterworth-

filtered forward acceleration signal and the “Zero- Crossing 

algorithm” [3] uses the transition from positive to negative in 

the forward acceleration to identify the peaks. Our institute 

developed three other methods: 1) “Template-based 

algorithm” which applies internal calibration on the forward 

acceleration signal, 2) “Spectrogram algorithm” which relies 

on peak stretching of the vertical acceleration signal, 3) 

“Two-axis algorithm” which is based on a match between 

vertical and forward accelerations. This study investigates 

the accuracy of the different algorithms in detecting the 

correct peaks by comparing the produced gait parameters. 

 

METHODS 

Five healthy young (<30yr) subjects, 5 healthy elderly 

(>65yrs), 5 elderly at risk for falling (Tinetti score < 24), 5 

patients indicated for total knee arthroplasty (TKA) and 5 

six-week postoperative TKA patients were included. This 

variety in subjects allowed to create a broad range of 

different walking abilities and walking speeds. All subjects 

walked a 20m straight distance at comfortable speed while a 

triaxial accelerometer (62x41x18mm, 53g, f=100Hz, ±2f, 

McRoberts BV) was fixed at the level of the sacrum using 

double sided tape. The different algorithms were used to 

identify peaks in the acceleration signal, which were 

subsequently used to calculated gait parameters. Manual 

peak detection of the raw forward acceleration signal was 

used as a reference because Zijlstra et. al. showed that foot 

contacts are detected from accelerations with 0.01s accuracy 

[2]. The produced basic gait parameters were: step time (s), 

step length (m), walking speed (m/s). In addition the step 

time asymmetry (%) which is defined as the difference in 

successive step times was determined. All algorithms, except 

the Zero-Crossing algorithm, are based the complete 

trajectory to determine gait parameters. With the Zero-

Crossing algorithm, gait parameters were derived from only 

60% of the acceleration signal, including on average 10 steps 

in the middle of the total trajectory.  

 The gait parameters produced by the different 

algorithms were compared to the gait parameters produced 

by the Manual detection using Bland-Altman plots. The 

average deviation with regard to the Manual detection and 

the 95% limits of agreement were calculated. Finally the 

algorithms (except the commercial available Zijlstra method) 

were visually checked for correct peak detections. 

 

RESULTS A�D DISCUSSIO� 

The average step time and step length produced by the 

different algorithms were comparable and almost identical to 

the values derived via Manual detection (table 1). The Two-

axis algorithm showed the smallest average deviation from 

the Manual detection and the tightest limits of agreement 

interval for these basic gait parameters.  The Zero-Crossing 

algorithm had the highest average deviations from the 

Manual detection (especially for step length and speed) and 

the Spectrogram algorithm showed the widest 95% limits of 

agreement interval. This indicates that the variability in 

deviation from the Manual detection differs between subjects 

for the Spectrogram algorithm, while the variability in error 

is higher for the Zero-Crossing algorithm.  

Less agreement was found in step time asymmetry. 

The asymmetry was overestimated with the Template, 

Spectogram and Zijlstra algorithm, which also showed large  



 
Figure 1: (in)correct peak detection: effect on gait parameters.  
 

limits of agreement intervals (table 1). A small 

underestimation in asymmetry of 0.5% was found for the 

Zero-Crossing and the Two-axis algorithm. 

Visual control of the automated peak detection 

algorithm showed that the different algorithms had varying 

problems. For instance, with the Spectrogram and Two-axis 

algorithm, peaks could be missed or double detected. With 

the Template algorithm in contrast, every step was detected 

and also just once, but the peak could be shifted. This 

inaccurate peak detection has a big impact on the calculation 

of the asymmetry, as this relies on exact peak timings.  The 

calculation of basic gait parameters are  less sensitive for 

incorrect peak detections, since they rely more on step 

counting and not on the exact timing (example in figure 1). 

In addition these algorithms are based on averages over all 

individual steps, reducing the impact of wrong peaks, which 

explains the higher agreements for basic gait parameters with 

the Manual detection.  

The Zero-Crossing algorithm was less accurate in 

determining step length and speed but most accurate in 

determining step time asymmetry. This can be attributed to 

the fact that this algorithm uses only a selection of the total 

amount of steps. Due to this selection, gait is more rhythmic 

and regular because the acceleration and deceleration at the 

beginning and the end of the test is removed. This however, 

results in less accurate time- and distance depending gait 

parameters such as speed and step length.  

The results couldn’t find a preference for one single 

axis or one specific principle. Because the Two-axis 

algorithm benefits from its conceptual redundancy, this 

algorithm seems the most accurate to derive basic gait 

parameters. However, the Zero-Crossing algorithm is most 

accurate to calculate the step time asymmetry.  

Further improvements in the peak detection 

algorithms may be achieved by adding a third axis. In 

addition, the definition of parameters such as asymmetry 

could be improved for instance by using autocorrelations. 

Beyond the issues of the algorithms, there are other factors 

involved such as skin artefacts, device vibration at heel 

contact and the 10ms error which is present due to the 

sample frequency of 100Hz.  Influence of these factors can 

be avoided or reduced by using multiple sensors, or using 

another  sensor location, using smaller devices with a higher 

sample frequency etc. 

 

CO�CLUSIO�S 

Although different approaches were used, no clear 

preference was found for one signal axis or one specific 

detection method. It is recommended to use a combination of 

different algorithms to accurately derive gait parameters 

from trunk acceleration. Currently, the automated peak 

detection algorithms, are valid for large group comparisons 

where errors are compensated. 
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Table 1: Mean  ± SD, average difference with respect to Manual detection and the 95% limits of agreement for gait parameters.

    M Z T S TW ZC 

Mean ± SD 0.59 ± 0.08 0.61 ± 0.08 0.61 ± 0.08 0.61 ± 0.08 0.59 ± 0.08 0.61 ± 0.08 

Avg. difference M   0.02 0.02 0.02 0.00 0.01 

Step time 

(s) 

 

 95% limits of agreement   [0.00; 0.04] [0.00; 0.04] [-0.02; 0.07] [-0.01; 0.01] [-0.02; 0.04] 

Mean ± SD 0.63 ± 0.13 0.62 ± 0.13 0.60 ± 0.13 0.65 ± 0.17 0.61 ± 0.13 0.57 ± 0.13 

Avg. difference M   -0.02 -0.02 0.02 -0.02  -0.06 

Step length 

(m) 
 

 95% limits of agreement   [-0.08; 0.05] [-0.09; 0.04] [-0.12; 0.16] [-0.06; 0.02] [-0.12;0.01] 

Mean ± SD 1.09 ± 0.14 1.06 ± 0.21 1.03 ± 0.17 1.09 ± 0.15 1.05 ± 1.05 0.97 ± 0.97 

Avg. difference M    -0.08  -0.07  -0.01  -0.04  -0.12 

Speed 

(m/s) 
 

 95% limits of agreement   [-0.37; 0.22] [-0.18; 0.05] [-0.14; 0.13] [-0.12; 0.05]  [-0.25; 0.02] 

Mean ± SD 1.33 ± 1.42 6.92 ± 6.88 3.44 ± 3.37 5.11 ± 5.41 0.84 ± 0.69 3.79 ± 3.98 

Avg. difference M   5.59 2.11 3.78 -0.49 -0.47 

Asymmetry 

(%) 

 

 95% limits of agreement   [-8.94; 20.11] [-5.00; 9.22] [-7.48;15.04] [-3.02; 2.03] [-6.35; 5.41] 

M: Manual peak detection, Z: Zijlstra algorithm, T: Template algorithm, S: Spectogram algorithm, TW: Two-axis algorithm, ZC: 

Zero-Crossing algorithm. 


