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SUMMARY 

Everyone's walking style is unique, and both humans and 

computers are very good at recognizing known gait patterns. 

Plantar pressure (PP) patterns, which detail our mechanical 

interaction with the ground, may therefore also be 

recognizable. Here we show that PP data can be used to 

identify individual footsteps from a sample of 104 subjects 

(1040 footsteps) with an accuracy of 99.7%. Our main 

innovations include improved spatial alignment and 

dimensionality reduction to automatically identify 

classification-relevant PP patterns. Since PP data can be easily 

monitored using in-floor devices, PP-based identification 

appears to have strong potential for biometric applications. 

 

INTRODUCTION 

Individuals move their bodies and limbs in highly unique and 

repeatable patterns [1], and camera-based computer systems 

can be trained to recognize these patterns [2]. We would 

therefore expect these patterns to be reflected, to a certain 

extent, in our mechanical interaction with the ground. Indeed 

floor-based gait recognition has already been highly 

successful, with ground reaction force (GRF)-based 

classification rates (CR) on the order of 99% [3]. While both 

camera-based and GRF-based gait recognition have been 

widely successful, both also have certain practical limitations. 

Camera systems must overcome environmental noise, 

perspective, and other 3D calibration problems, and GRF-

systems cannot differentiate amongst multiple foot contacts 

and therefore cannot be used in natural multi-subject 

environments. 

 

Plantar pressure (PP) systems overcome these particular 

limitations, because individual PP footsteps can be easily and 

automatically aligned in space [4] and are, by physical 

necessity, spatiotemporally isolated and free from 

environmental noise. PP data are also qualitatively unique 

amongst different subjects (Figure 1), and PP-based biometric 

identification has consequently also had a variety of successes, 

yielding a literature-wide best CR of 98.6% [5] (N=11). All 

PP-based studies to date have tested a small number of 

subjects (N<30), so PP’s potential for larger samples, and 

therefore practical applications, remains untested. The main 

purpose of this study was to test PP data’s biometric potential 

for a larger (N>100) sample of subjects. 

 

 

 
 

Figure 1:  Maximal spatial (‘peak’) pressures for the first 12 

subjects; averaged across five trials following registration.  

  

 

METHODS 

After obtaining informed consent PP data were collected 

during ten normal, self-paced walking trials (five left foot, five 

right foot) from 104 healthy individuals at the University of 

Münster (32.1±9.7 years) using an EMED ST4 system (Novel 

GmbH, Germany). Maximal spatial pressure images (Figure 1) 

were then extracted for each of the 1040 trials, and three 

spatial alignment procedures were tested: (1) 'None': no 

alignment, (2) 'Decorrelation': principal axis alignment [6], 

and (3) 'RegCont': registration to the contralateral cross-

subject mean foot using a rapid frequency-domain alignment 

procedure [4]. 

 

The dimensionality of the registered images was quite high 

(65 x 29 pixels = 1885 features), so dimensionality was 

automatically reduced using locally linear embedding (LLE) 

[7]. Following semi-systematic analysis of different reduction 

algorithms and target dimensionalities we found that LLE with 

a dimensionality of 70 worked well for the present dataset. As 

a baseline comparison we also used no dimensionality 

reduction. 

 

Classification of the final features was performed using 

nearest-neighbor classification, the simplest possible 

classification scheme that detects only the image most similar 

to the test image (i.e. minimum Euclidian distance) in reduced  
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feature space. Classifier performance was validated using 104-

fold cross-validation, and also subsequently by completely 

separating the left- and right-foot datasets. Since naturally 

occurring gait asymmetries tend to load left and right feet 

differently [8], we may justifiably regard our left- and right-

feet datasets as essentially independent, at least for the 

purposes of validating our methods on this particular subject 

sample. Finally, ten ‘follow-up’ subjects, whose data were 

collected 1.5-5.0 years prior to the present experiments, were 

re-tested on the trained classifier. 

 

 

RESULTS AND DISCUSSION 

With essentially no preprocessing (except for image padding) 

and no dimensionality reduction, nearest-neighbor 

classification identified individuals with an accuracy of 90.8% 

(Figure 2a). Decorrelation surprisingly yielded a lower 

average CR of 90.2%, while registration markedly increased 

the average CR to 98.9%. LLE dimensionality reduction also 

tended to improve CRs (Figure 2b), albeit to a lesser extent 

than registration. 

 

Following a systematic, semi-factorial study of a variety of 

preprocessing algorithms, spatial PP features, and 

dimensionality reduction schemes (not presently described), 

the highest CR we were able to achieve in a single foot was 

99.8% (519/520 correctly classified images). This was 

achieved on the right foot using RegCont preprocessing, the 

100
th

 and 80
th

 percentile images, and LLE reduction to 70 

dimensions. For this set of parameters the left foot CR was 

99.6% (518/520).  

 

Testing the ten ‘follow-up’ subjects on the trained classifier 

yielded 98% (49/50) and 90% (45/50) for the left and right 

feet, respectively. We note that one subject was responsible 

for four of the five misclassified right feet, due to significantly 

higher right-foot metatarsal pressures in the follow-up trials 

two-years prior (p=0.005); all five of this subject's left-foot 

follow-up trials were correctly identified. 

 

 

 

 
 

Figure 2:  Classification rate (CR) for all 104 subjects, effects 

of basic preprocessing and dimensionality reduction choices. 

 

The fact that no preprocessing of any kind (except for zero 

padding) and no dimensionality reduction yielded CRs greater 

than 90% across 104 subjects strongly suggests that PPI data 

contain high-quality biometric information. The best CR 

results (>99.5%) indicate that each subject’s foot and plantar 

pressure distribution are highly unique, and also that inter-

subject PPI variability is considerably greater than intra-

subject variability. 

 

Recent successes in PPI-based classification of healthy foot 

types [9], pathological state [10], and PPI-based fall detection 

[11], for example, indicate that the current registration-based 

classification approach may also be useful for health-related 

applications. 

 

 

 

CONCLUSIONS 

Normal self-paced unshod walking produced a high-quality 

plantar pressure biometric, and the present classification 

procedures yielded classification rates of 99.7% in N=104 

individuals. These results were largely driven by spatial image 

registration and, to a lesser extent, automated dimensionality 

reduction. Since PP data are highly unique amongst 

individuals, and since PP data can be easily collected and 

processed using commercial in-floor hardware, plantar 

pressure-based identification appears to have strong potential 

for a variety of security and health applications. 
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