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INTRODUCTION 

The aim of this research is to observe how amputees 
actually use their prosthesis by classifying and 
counting the number of steps they take during 
different locomotion activities (i.e., walking straight on 
level ground, up stairs, down stairs, up ramps, down 
ramps, turning left, and turning right) that occur daily. 

METHOD 
Subjects: 7 lower limb amputees provided informed 
consent to participate in this IRB-approved protocol. 

Instrument: A custom, two-layer, two-board circuit 

small enough to fit inside a standard prosthetic pylon 
was fabricated to observe amputee movements. The 
instrument included: a 32-bit microcontroller 
(PIC32MX), a battery, a removable 4-Gb secure 
digital card for data storage, and a six-axis inertial 
measurement unit (tri-axial accelerometer and tri-axial 
rate gyroscope). Data from each axis was recorded 
continuously at 100 Hz. 

Procedures: The instrument was placed inside each 
participant’s pylon by a certified prosthetist. 
Participants were then asked to walk a defined 
validation course (~10 minutes at self-selected speed) 
while followed by a study investigator collecting 
locomotion data with a video camera. The validation 
course was designed to provide a sufficient number of 
steps (~30) for each locomotion activity in order to 
adequately train the pattern recognition algorithm. 
Subjects were then free to pursue their typical daily 
activities (field observations) for the next several 
days. Subjects then returned to the laboratory where 
the instrument was removed by the prosthetist. 

Data Processing: Raw data was filtered to reduce 
noise (Butterworth filter) and correct gyro drift 
(Complementary filter). Filtered signals were 
separated into gait phases to identify the timing of toe 
off, mid-swing, and heel strike for each gait cycle. Key 
features were then extracted and used by a support 
vector machine pattern recognition algorithm to 
classify the locomotion activity of each step (straight 
walking on level ground, up stairs, down stairs, up 
ramps, down ramps, turning left, and turning right). 

Data Analysis: After processing, instrumented pylon 

data from the validation course was used to calculate 
algorithm accuracy for each locomotion activity by 
comparison with video observations. Data from the 
subsequent field observations was used to calculate 
step counts for each locomotion activity. 

RESULTS 

The algorithm accuracy for all locomotion activities 
combined was 97.7±2.4 % (see Table 1 for details by 

specific activity). The total step count during the 
observation period was 5206±2040 over a period of 
40.1±11.6 hours. The step counts for each activity, as 
a percentage of the total steps, is shown in Table 1. In 
general, 83% of all steps were taken while walking in 
a straight line, 9% while turning, 5% on stairs, and 4% 
on slopes. 

 

DISCUSSION 

Different daily tasks, such as a walking bout through a 
parking lot or while shopping in a convenience store, 
may require a significantly different percentage of 
locomotion activities (Glaister, 2007). The results 
presented here, encompassing a range of daily tasks, 
suggest that development and prescription of 
prosthetic devices that facilitate maneuvering or 
walking on different terrains (slopes or stairs) is 
warranted. 

CONCLUSION 

A support vector machine pattern recognition 
algorithm accurately identified the activities of lower 
limb amputees. In a small sample (n=7) over several 
days, nearly one in five of all steps taken involved 
turning, walking on slopes, or walking on stairs.   

CLINICAL APPLICATIONS 

Next generation prostheses for lower limb amputees 
should facilitate multiple locomotion activities in 
addition to straight line walking. 
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ALGORITHM 
ACCURACY 

ACTIVITY 
CLASSIFICATION 

Straight 99.8 ± 0.4 % 82.9 ± 3.6 % 

Turn right 99.0 ± 1.1 % 4.2 ± 1.0 % 

Turn left 99.0 ± 1.7 % 4.5 ± 1.9 % 

Slope down 97.1 ± 3.3 % 2.1 ± 1.0 % 

Slope up 92.7 ± 2.3 % 1.5 ± 0.4 % 

Stair down 97.9 ± 2.1 % 2.6 ± 1.0 % 

Stair up 98.4 ± 1.6 % 2.2 ± 0.8 % 

Table 1. Algorithm accuracy (percentage correctly 
identified) and overall step counts (percentage of 
total steps) during typical daily activities. 


