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I. Introduction

Today, many patients (such as those who have suffered from stroke) receive care at a hospital and remain there in order for doctors to monitor their physical progress. A Wireless Sensor Network could be used to monitor physical human activity for use in the health care field. The Network could be composed of several sensors that are attached to a patient’s body and transmit information about their movement to a computer. This computer identifies what type of movement is occurring and records the data in a database for analysis. 


This device would allow the patients to go home and be monitored remotely, instead of remaining at a hospital for long periods of time for observation. This device would reduce hospital costs for patients, and make health care resources available for new incoming patients.

II. System Overview

The system that was designed was a Wireless Sensor Network (WSN). This WSN is composed of a single sensor node and a base station. The node contains a 3-axis accelerometer, memory, a processor, and radio transmitter/receiver. Using the 3-axis accelerometer, the node acquires movement information from the patient and using its embedded processor and a movement detection algorithm, determines what type of movement it is experiencing. Using its radio, the node transmits packets to the receiver of a base station.  The base station is a laptop with a wireless card that will receive the packets. A decoder processes these packets and at this point two things may occur, depending on the mode of the base station. The base station can either display this information to a screen in a Graphical User Interface (GUI) or generate a report of the incoming data and send it via e-mail. For this report to be generated the data must be stored first in a database, and when the report needs to be generated, the data may be retrieved from the database. A system engineering diagram is shown in Fig 1. 
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Fig 1. System Engineering Diagram for Wireless Sensor Network
III. System Design and Algorithm

The architecture of this system is specified in Fig 1. The algorithm that was implemented performs statistical analysis on the data and then, using data classification algorithms, makes a decision on what movement is being performed [7]. The algorithm is split up into two parts: the calibration phase, and the monitoring phase. 

Calibration Phase

This system is capable of learning the specific movements of a particular patient, thus making it more reliable. This learning comes in the form of a calibration phase. Raw accelerometer samples for the three axes is obtained from the patient for each specific movement. For example, you tell the patient to sit down and then record several seconds of sample data, then you do the same for each movement that you want to monitor. In this case the following movements were monitored: sitting, standing, lying, moving fast and moving slow. This data is sampled at 50Hz, which provides enough resolution for this application. Fig 2 shows this sample training data. Once the data has been obtained, the mean, energy, cross-correlation, and variance of each 90 point window for each axis is computed. Essentially for each 90 point window, where there are 270 points, the data is converted to 12 data points. This makes it much easier to classify movements according to 12 points rather than 270. The new processed data is shown in Fig 3. From this point on, the problem becomes one of classification and the Weka Toolkit provides good tools for classifying this data. The new processed data is used to create custom decision trees, which are then implemented in software on the SHIMMER board, thus ending the calibration phase. Examples of these decision trees are shown in Fig 4.
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Fig 2. Raw Training Data
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Fig 3 (a) – (c). Processed Data (Mean, Energy, Variance, Correlation)
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Fig 4 (a) – (b). Examples of Custom Decision Trees

Monitoring Phase

Once the decision tree has been constructed and implemented on the SHIMMER board, the monitoring phase may begin. The SHIMMER board must be worn in the same position on the hip as it did when it was calibrated. The SHIMMER board samples at the same rate of 50Hz and stores the 90 point window in 3 buffers (one for each axis). When the buffer is full, the parameters (mean, variance, energy, cross-correlation) are calculated and used to traverse the decision tree. Once the decision has been made, a data packet is created and sent via the radio to the base station. The base station receives the packet, decodes it and displays the result on the screen. In addition, the result is stored in a SQL database along with a time stamp for future use. Every period T, which may be user defined, a report is generated from the data in the database, which details percentages of movements for this period, previous period, and percent change over two periods. This report is sent via e-mail to a doctor. 

IV. Requirements

By wearing the device and testing it throughout development, it is easy to see that it makes a very accurate determination of what movement is being performed. Because it takes a few seconds to gather data and process it, there is a two second lag between the movement and what is displayed on the screen, but it not necessary that the movement be determined instantaneously, only that is be determined accurately. Aside from accuracy, the two main requirements were range and battery life. Because these two factors depend on each other, increasing the signal range decreases battery life and vice versa. It was specified that the range would have to be enough to work in a small house or apartment. It was also specified that the battery should last approximately 16 hours so that the battery need only be charged at night while the patient is sleeping.


Test performed on the SHIMMER board revealed that the range was approximately 35-40 feet indoors and the battery life was approximately 8-10 hours. This is obviously below specifications and there are several reasons why this was the case. As the power of the radio is increased, the battery life is decreased significantly, so the power of the radio was chosen to be low for the moment. The greatest drain on battery is the radio and sending constant packets drains the battery very quickly. During the calibration phase when the raw data is being sampled and sent at 50Hz, the battery dies after about 20 minutes. During the monitoring phase, where a packet is sent every 1.8 seconds the battery lasts approximately 8-10 hours. By applying data compression schemes into the wireless communication fewer packets would have to be sent and the battery life would increase significantly. This would permit higher power radio communication and thus a longer range, but time did not allow for this in the implementation. It is certainly possible to accomplish the requirements established at the beginning of the design, but this feature will have to be left to future work. 

V. Future Work
1. As previously stated, by applying data compression schemes, it is possible to increase battery life and radio range to meet the specifications of this design. 

2. Currently, this prototype detects 5 distinct movements: standing, sitting, lying, moving slow and moving fast. It is possible to implement many other types of movements including more specific ones. One good example is brushing ones teeth or vacuuming such as was done by Ravi and his team [7].

3. Currently, this prototype uses one node, but an array of nodes placed all over a patients body would allow for higher resolution and more accurate detection of very specific movements. In addition, it would allow for monitoring of limb movements.

4. The implementation of the base station software could be done on a cell phone that is equipped with Bluetooth and WiFi. This would eliminate the range problem and a patient would not have to be confined to his/her house.

All of these points would be very interesting to pursue and would make a more complete design. However, due to time and resource limitations these points were not pursued for this project. 
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