
A Wearable Mobility Monitoring 
System (WMMS) uses sensors to 
predict a person’s daily activities. 
Smartphone accelerometer data 
can be used to determine activity 
changes-of-state and classify 
mobility. A Blackberry-based 
WMMS, located at the user’s waist, 
can predict daily activities 
(walking, standing, sitting, lying, 
etc.). Current methods for 
accelerometer-based mobility 
prediction demand a specific 
device orientation on the body. All 
mobility states depend highly on 
this orientation. 

Figure 1. Smartphone and 
neutral sensor orientation for 

two differently sized males. 
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Experiments 

We propose a calibration method that aligns 3D 
accelerometer axes to a standard orientation. By applying a 
quaternion rotation transformation to the device’s raw data, 
we compensate for user variability in device alignment based 
on individual anatomy and phone positioning. 

Figure 2. (a) The non-calibrated standing position (XYZ) is the 
device’s position in the holster. (b) The virtual calibrated standing 
position (X’Y’Z’) after the transformation. The gravitational force 
vector (G) is now along the positive Y’ axis, representing an upright 
device position.  

Results 

A controlled experiment 
was conducted to validate 
the quaternion rotation 
matrix. The Smartphone 
was securely attached to a 
rotating mechanical arm 
after being placed in 
different orientations. Each 
trial included a static 
sample and 20 arm 
revolutions. A quaternion 
rotation matrix was then 
applied to all raw data 
collected. 
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Figure 3. Experimental setup to validate the rotation matrix. 

  Rotated X Rotated Y Rotated Z 

Trial 1 & 2 0.947 0.968 0.164 

Trial 1 & 3 0.944 0.969 0.119 

Trial 1 & 4 0.922 0.960 0.147 

Trial 2 & 3 0.979 0.992 -0.018 

Trial 2 & 4 0.977 0.995 0.142 

Trial 3 & 4 0.979 0.992 -0.018 

Since the device has a variable sample rate, the rotated data 
was first interpolated. The X and Y values demonstrated 
strong correlations between the rotated data sets, with an 
average difference to perfect correlation of 4.2% and 2.1%, 
respectively. Experimental errors were a result of small 
vibrations in the rotating arm, which was further repeated 
with an Xsens MTi sensor.  
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Table 1. Correlations between rotated accelerometer data. 
A transtibial amputee subject 
was recruited through the 
Ottawa Hospital Reha-
bilitation Center to perform 
the circuit described in [1]. 
While the subject followed 
the predetermined path, 
accelerometer data were 
collected using the WMMS 
Blackberry app. The 
accelerometer raw data file 
was then extracted from the 
device and evaluated with and 
without the rotation matrix 
separately on a PC in custom 
MATLAB software. 

Figure 4. Screenshot of the WMMS Tool used for analysis. 

  SE SP   SE SP 

  Non-Rotated   Rotated 

Stand 11.2% 81%   11.2% 85.1% 

Sit 0% 92.4%   47.8% 90.2% 

Lie 0% 98.5%   0% 99.1% 

Walk 51.8% 13.7%   51.8% 12.8% 

Table 2. Sensitivities and specificities for state prediction. 

Although sitting sensitivity increased, 
applying the rotation matrix had no effect on 
change-of-state determination for the other 
activity transitions. 

Conclusion 
A quaternion based rotation matrix, based on Smartphone 
position when standing, was a viable method for correcting 
individual differences in accelerometer orientation. Under 
controlled test conditions, with all trials undergoing the 
same applied forces, the strong correlations indicated that 
the axis transformation maintained data integrity. 
Applications involving mobility will benefit by using this 
method since a device’s accelerometer can be orientated in 
any direction around its origin. 
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A rotation matrix was then applied to a single subject who 
demonstrated a need for the realignment of the Smartphone 
for their trial. The rotation matrix aided in increasing 
sensitivity for sitting, but the other activity predictions 
remained similar to the original WMMS output. 
 
During the day, the Smartphone’s position on the person’s 
belt may change; therefore, future work should include 
periodic rotation matrix updates. 

Figure 5. Experimental setup for rotation matrix validation. 


