









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













1st Annual IEEE Healthcare Innovation Conference of the IEEE EMBS Houston, Texas USA, 7 - 9 November, 2012



Implementing a Real-Time Seizure Detection Application on a Smartphone as part of a Multi-Modal Platform Sai R. Gouravajhala, David Wang, Lunal Khuon, Member, IEEE, Forrest S. Bao, Member, IEEE, Sarvesh Kulkarni, Member, IEEE



Abstract²We present a smartphone implementation of a novel Android application as part of a real-time multi-modal seizure detection platform. We first provide an overview of the detection platform, and then describe the features of the Android application, including its usage. We then outline the DSSOLFDWLRQ¶V LPSOHPHQWDWLRQ Rn an Android smartphone and SUHVHQW UHVXOWV RI WKH SODWIRUP¶V RYHUDOO SHUIRUPDQFH LQFOXGLQJ examples of output from the sensors, sensor board, and the application. Keywords: Android application, epilepsy, smartphones, seizure algorithm, multi-modal, Arduino.



application, or EpSMART app. We are not aware, to our best knowledge, of any existing implementation of a mobile app-based EEG or multi-modal sensor system for real-time seizure detection. The rest of the paper is organized as follows: in section II, we give an overview of the current platform implementation; in section III, we discuss the EpSMART app; then, in section IV, we outline our testing methodology, and finally in VHFWLRQ 9 ZH SURYLGH UHVXOWV RI WKH DSS V\VWHP¶V performance running on a smartphone.



I. INTRODUCTION



II. PLATFORM OVERVIEW



T



HE automatic detection of an array of medical conditions, such as epileptic seizures, based on continuous monitoring of physiological signals is an integral goal of modern healthcare. Systems that can classify such conditions based on real-time data can be invaluable tools to improve the quality of life for users. Indeed, epilepsy affects DOPRVW RI WKH ZRUOG¶V SRSXODWLRQ > @ ZKLFK PHDQV millions of people are in need of novel treatments and detection systems. Most current methods of detecting epileptic seizures use only electroencephalography (EEG) [2]. However, it has been shown by [3] that monitoring other physiological manifestations of a seizure is more advantageous for detecting seizures than just using a singlemodality method. Moreover, these detection systems need to be as inconspicuous as possible, to remove stigma from their usage, yet must be powerful enough so that accuracy is maintained. In this paper, we present the smartphone implementation of the Epileptic Seizure Monitoring with Alerts in Real Time
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A diagram representing our current platform implementation can be seen in Figure 1. There are three major components to the platform: sensors to acquire the physiological signals, a microcontroller-based sensor board to perform feature extraction and data communication to the smartphone, and a smartphone that runs seizure detection and automatic caregiver notification. A. Physiological Sensors In addition to gathering EEG data, it is advantageous to monitor other physiological changes that are brought about by the clinical manifestation of a seizure. Indeed, it has been shown that changes in heart rate, electrodermal activity, and certain patterns of motion are indicators of seizure activity [4]. Hence, in addition to EEG, we have sensors for electrocardiography (ECG), galvanic skin response (GSR), accelerometer, and gyroscope. A commercially available ArduIMU module (SparkFun Electronics) provides 3-axis accelerometer and 3-axis gyroscope data for motion and orientation, respectively, for



Fig. 1. An overview of the multi-modal seizure detection platform. The sensor board gathers data from the physiological sensors (in both digital and analog form), performs feature extraction, and sends those features to the smartphone via Bluetooth wireless communication.
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all three axes. The module provides digital outputs for both sensors and samples the raw data at a rate of 70 Hz. In order to compensate for drift with the accelerometer and gyroscope, a magnetometer, also embedded on the ArduIMU, is used for drift correction. Figure 2, left, shows raw data from the 3-axis accelerometer that indicates a free fall with a spike in the z-direction. The ECG sensor is implemented using a 3-lead system: electrodes are placed on the left and right inside elbows, using the chin as a reference. An instrument amplifier and discrete filter amplifies the differential ECG signal and removes noise and power-line interference, respectively, before outputting the signal to the sensor board for analogto-digital conversion. An example of the processed ECG sensor acquisition data is shown in Figure 2, middle. The GSR sensor consists of a voltage divider and captures voltage differences between two electrodes placed on the fingertips. Its continuous voltage level outputs also feed into an analog-to-digital converter on the sensor board. We gather EEG data from Neurosky Inc.¶V MindSet, a lowcost commercially available brain-computer interface headset. The MindSet measures EEG potentials from a single-channel dry electrode placed on the forehead, using the ear as reference, and outputs raw waveforms in digital form. An example of a captured and filtered EEG signal can be seen in Figure 2, right. B. Sensor Board The sensor board consists of an Arduino Mega 2560, whose ATmega2560 microcontroller performs data acquisition and feature extraction for the sensors. Once the features from each sensor are calculated, they are then transmitted over a Bluetooth wireless channel to the smartphone. The transfer process is done via serial UART, using the BlueSMiRF Silver Mate module (SparkFun Electronics). Features of interest for each sensor are then extracted from the digitized data: heart rate from ECG (by using the R-R interval), sudden changes from baseline in GSR (using a five-point moving average), motion detection from accelerometry, and orientation changes from gyroscope. C. Smartphone Our implementation uses an Android operating system (OS) smartphone, the Droid X, which operates on a



consumer network with 3G connectivity, Wi-Fi, Bluetooth, and GPS capability. The EpSMART app realizes a multimodal seizure detection platform as described in [4]. However, this hardware system is intentionally modular in design and may be used for physiological monitoring, symptom detection, and emergency notification in any number of critical medical applications, such as continuous EEG monitoring of acute ischemic stroke [5] or arrhythmic syncope [6]. In such cases, only the particulars, such as the features extracted from the relevant sensors (such as EEG or ECG) and the classification algorithm need be changed. III. EPSMART APPLICATION The EpSMART app implements a seizure detection algorithm on an Android OS. In this section, we provide the basis for this algorithm and a justification for our selection of WKH $QGURLG 26 :H WKHQ GHVFULEH WKH DSS¶V IHDWXUH DQG usage and the functionality of its alert system as demonstrated on the networked smartphone. A. Seizure Detection Algorithm As described in [7], our detection algorithm utilizes a support vector machine (SVM) to classify seizure events using EEG data. We develop Java code, following the example of [8] which had implemented the approach in C code using the LibSVM libraries [9]. Although the current classifier uses only features from the EEG, we plan on incorporating the available features from ECG, GSR, accelerometer, and gyroscope. This way, we can further improve upon the accuracy and specificity of the algorithm. With regards to the EEG-based detection algorithm, publicly available seizure and non-seizure data from the University of Bonn, Germany, were used to distinguish between the two events [10]. The Bonn data, which consists of 500 total files, were equally divided into two sets: ³WUDLQLQJ´ DQG ³WHVWLQJ ´ 7KH FODVVLILHU LV WUDLQHG RQ WKH GDWD contained in tKH ³WUDLQLQJ´ VHW ZKLFK WKHQ SURGXFHV D ³WUDLQVHW PRGHO ´ 7KLV RIIOLQH WUDLQLQJ ZDV GRQH XVLQJ Matlab. Then, eDFK GDWD ILOH IURP WKH ³WHVWLQJ´ JURXS ZDV then classified by the Android app as either having a ³VHL]XUH´ RU ³QRQ-seizure´ based on the trainset model. The EEG feature vectors that were used for training are standard deviation over mean, variance, and mean of the power spectral density (PSD) [7].



Fig. 2. Left: Absolute values of accelerometer data in all three axes. The module was held upright and then let go, so the large spike around t=3.5s shows the G force due to deceleration. Middle: Processed ECG data. Note that, because we are only interested in the R-R interval for heart rate, we processed the positive waveform. Right: EEG values from the MindSet after being processed with a low-pass 40 Hz digital filter within the Android app.
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B. Android OS Though there are a lot of mobile phone environments (Apple iOS, Google Android, RIM Blackberry, and Microsoft Windows Phone), we decided to go with developing an app for the Android OS. We appreciated the open-source nature of the OS, along with the ease of use for application development, as Google provides a plethora of free resources. The app itself was written using the Java programming language for smartphones running Android version 2.3, codenamed ³Gingerbread´ GB), which can be found on almost 60% of the current Android devices [11]. C. Features and Usage 7KH DSS¶V XVHU LQWHUIDFH 8, FRQsists of a series of clickable buttons that perform actions and labels that show various status messages (see Figure 3, left). When the app is ILUVW VWDUWHG WKH XVHU LV SUHVHQWHG ZLWK ILYH EXWWRQV ³6WDUW %RWK 'HYLFHV ´ ZKLFK FRQQHFWV WR WKH 0LQG6HW DQG Whe $UGXLQR VHQVRU ERDUG ³%HJLQ 'DWD 3URFHVVLQJ ´ ZKLFK VWDUWV WKH GDWD SURFHVVLQJ V\VWHP ³:ULWH 'DWD WR )LOH ´ ZKLFK writes filtered EEG data, along with calculated features, to a ILOH RQ WKH 6HFXUH 'LJLWDO 6' FDUG ³5HDG IURP )LOH ´ which reads the aforementioned file; and finally, ³'LVFRQQHFW $OO ´ ZKLFK WHUPLQDWHV DOO FRQQHFWLRQV The Bluetooth data transmission uses the radio frequency communication (RFCOMM) protocol to communicate with both the Arduino and the MindSet. This communication, along with the EEG features calculation, takes place in background threads, so that the main UI continues to run smoothly. $IWHU WKH ³%HJLQ 3URFHVVLQJ´ EXWWRQ LV SUHVVHG WKH DSS begins to perform several tasks: collects HLJKW VHFRQGV¶ ZRUWK of raw EEG values, extracts features, and performs a classification. The app also simultaneously acquires features from the Arduino and displays that information on the screen. For instance, based on the heart rate, the heart rate VWDWXV PHVVDJH VKRZV ³$ERYH QRUPDO ´ ³1RUPDO ´ RU ³%HORZ QRUPDO ´ ,Q D VLPLODU YHLQ PRWLRQ DQG *36 VWDWXVHV DUH DOVR



displayed. See Figure 3, middle. For the latter, we use assisted GPS (AGPS) capability, where the location information is obtained from the cellular network instead of from the standalone GPS chipset. Using AGPS is optimal: time to first fix for the location is extremely short (because nearby cell towers have already identified relevant overhead satellites), power consumption is drastically reduced (which then saves battery life), and locations can be acquired even while indoors. Every ten minutes, the application requests a location update from the cellular network. Using reverse geocoding, the updated GPS coordinates are then resolved to a street address. Both the coordinates and the street address are then displayed to the user. D. Alert System As soon as a seizure is detected, the app immediately deploys a comprehensive alert system that begins several tasks: displays a dialog notifying the user that a seizure had been detected (and also gives an option to cancel the alert system, in case of a false alarm), along with flashing the background red for a visual indicator; gets the most up-todate GPS location and sends those coordinates, along with the reverse geocoded address, via SMS messages to the caregivers/providers. Using the Android framework, the app not only tracks whether the SMS messages are successfully sent, but also whether they are delivered to the recipient. If either of the two cases is unsuccessful, the app resends the SMS messages; writes calculated EEG features for 60 seconds, along with writing the incoming features from the sensor board, to a file on the SD card. Once the file is created, the app then sends an email to the caregivers/providers with the file attached, so that the healthcare team will have access to the important data before they see the user. The email code is based on [12] and leverages the functionality of JavaMail API: the email sent uses the Secure Socket Layer (SSL) protocol and is authorized by GooJOH¶V *PDLO VHUYHUV PDNLQJ WKH VHQGLQJ process secure. Emails can be sent to multiple recipients at



Fig. 3. Screenshots of the application when running on the smartphone. Left: The user interface as soon as the app is first started. Middle: Once the app is running, the user can see various status messages on screen. Right: An example of what happens when a seizure is detected. The alert system is cancellable in case of a false alarm.
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the same time, which coupled with the SMS, makes for immediate notifications to the caregivers. All of the above takes place automatically, with no user intervention required. To get immediate help, the app plays a loud alarm when a seizure is detected, so that any nearby persons can come to the aid of the user. We chose an audio file that starts off quietly and gradually increases in volume, as this allows for the user to cancel the audio alarm in case of a false alarm. Indeed, in case of a false alarm, the user can simply press a button to cancel the entire alert system, as well as send a follow up text to the caregivers, telling them to disregard the previous emergency SMS. For example, see Figure 3, right. IV. TESTING METHODOLOGY Each component of the platform was individually tested to verify proper performance before whole scale testing was conducted. Sensor data were compared with the features outputted from the sensor board, to make sure that feature extraction was accurate. For example, the calculated heart rate was compared with the raw ECG signal to make sure it matched with a raw count of pulses. The accelerometer and gyroscope features were tested in a similar fashion. After the offline training, the SVM trainset model file (outputted by the Matlab training) was uploaded onto the SKRQH¶V 6' FDUG, after which detection can take place. Data from the Bonn file set were used as the input EEG for testing the classification functionality of the app. This allows for easy comparison, as the file set is pre-labeled as either ³VHL]XUH´ RU ³QRQ-VHL]XUH ´ 7KH RYHUDOO SHUIRUPDQFH RI WKH SVM algorithm on the smartphone was then compared with the performance of the original Matlab algorithm. In a similar manner, the other features of the app were tested, including the real-time status updates. To test the functionality of the app when a seizure is detected, we used a file from the Bonn daWD¶V VHL]XUH VHW DV WKLV ZRXld activate the alert system, namely the SMS and email functionality. V. RESULTS Initial testing on the networked Droid X smartphone shows that the EpSMART app works well and shows promising results, both in terms of the detection algorithm and the extensive alarm system. Raw data from the sensors are read into the sensor board. After analog-to-digital conversion of the relevant sensors, features are extracted from the data. These features are then transferred to the smartphone via wireless Bluetooth. Once the app is started, it performs classification based on real-time EEG data. The user interface is also updated in real-time, allowing the user to see all the status information on one screen. The GPS, SMS, and email functionality all work as expected: as soon as a seizure is detected, the SMS and emails (with file attachment) are sent, with little lag in time. When data from the Bonn set were used in real-time, instead of the MindSet values, the decision outputs from the Android Java implementation were consistent with those found using the Matlab implementation.



VI. CONCLUSION AND FUTURE WORK In this paper, we report on a work in progress of the development and testing of an Android application-based multi-modality seizure detection system running on a smartphone, with encouraging results. The entire system is modular in design, so the addition of sensors and features to be calculated can be easily accomplished in the future. Future work will be three-pronged: improving sensor design, including developing our own EEG sensor to remedy specific limitations inherent to the off-the-shelf EEG sensor we had used; bolstering seizure classification by taking into account the additional sensor modality features; finally, adding more capability to the Android app, such as including automatically saving calculated features to an online database for easy retrieval by the clinicians, adding a fall detection algorithm, logging raw sensor data to an SD card on the sensor board in the event of a seizure detection, and adding an epilepsy diary functionality. ACKNOWLEDGMENT We would like to thank Dr. Pritpal Singh, ECE Dept. Chair at Villanova University, for helping to fund some of our work. We would also like to thank Dr. Vijay Gehlot for providing us with the Droid X and network access. REFERENCES [1]
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