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A New Method to Identify Individuals Using Signals from the Brain R Palaniappan; K V R Ravi Faculty of Information Science and Technology Multimedia University 75450 Melaka Malaysia



Abstract A new method to identify individuals using signals from the brain is proposed. In the method, brain signals specifically known as Visual Evoked Potential (VEP) signals are recorded from 61 electrodes located on the scalp while the individuals see a picture. Next, spectral features are computed and classified by a Simplified Fuzzy ARTMAP (SFA) neural network (NN). The spectral features consist of power in gamma band (30-50 Hz). The experimental results using 800 VEP signals from 20 subjects show give average classification of 94.18%. This pilot investigation shows that the proposed method of identifying individuals using their brain signals is worth further study.



1. Introduction The most common biometric method of identifying persons is through fingerprint recognition [8]. In recent years, alternative biometric methods to replace or augment the fingerprint technology have been researched. In this regard, biometrics like palmprint [4], hand geometry [5], iris [3], face [12], and electrocardiogram [2] have been proposed. However, using electroencephalogram (EEG) as a biometric is relatively new compared to the other biometrics. Poulus et. al. [11] proposed a method using autoregressive (AR) modeling of EEG signals and Linear Vector Quantisation (LVQ) NN to classify an individual as distinct from other individuals with 72-80% success. But the method was not tried to recognise each individual in a group. Paranjape et. al. [10] used AR modeling of EEG with discriminant analysis to identify individuals with classification accuracy ranging from 49 to 85%. The methods used EEG signals recorded while the subjects were resting with eyes closed [11] and with eyes closed or open [10]. In this paper, a new individual identification method using VEP signals is proposed. VEP signals are EEG signals that are evoked during a particular visual stimulus, like seeing a picture. Here, the spectral powers in gamma



band range of 30-50 Hz computed from the recorded VEP signals are used as biometric features. Gamma band is specifically chosen instead of alternative frequency bands because it is related to focused arousal and memory [1]. Because the method uses features computed from 61 VEP channels, it is unlikely that different individuals will have similar activity in all parts of the brain. Thus, it is suitable for use in biometric applications. These gamma band power (GBP) biometric features are trained with the SFA to classify (i.e. identify) different individuals.



2. Methodology The proposed method could be divided into 3 stages. The first stage involves recording the VEP signals from the subjects. In the next stage, these VEP signals are processed to remove VEP signals with eye-blink contamination, setting mean to zero, noise removal through Principal Component Analysis (PCA) and extract GBP features. The third stage involves SFA classification experiment.



2.1 Data Twenty subjects participated in the experimental study. The subjects are seated in a reclining chair located in a sound attenuated RF shielded room. Measurements are taken from 61 channels placed on the subject’s scalp, which are sampled at 256 Hz. The electrode positions (as shown in Figure 1) are located at standard sites using extension of Standard Electrode Position Nomenclature, American Encephalographic Association. The signals are hardware band-pass filtered between 0.02 and 50 Hz. The VEP signals are recorded from subjects while being exposed to a stimulus, which consist of pictures of objects chosen from Snodgrass and Vanderwart picture set [13]. These pictures are common black and white line drawings like an airplane, a banana, a ball, etc. that are chosen according to a set of rules that provide consistency of pictorial representation. The pictures have been standardised on variables of central relevance to memory and cognitive processing. These pictures represent different



concrete objects, which are easily named i.e. they have definite verbal labels. Figure 2 shows some of these NZ



FPZ FP1 AF7 F7



FC7



C7 A1



FP2 AFZ



AF3



F5



F3



F1



FZ



AF8



AF4 F2



F4



F8



F6



FC5



FC3



FC1



FCZ



FC2



FC4



C5



C3



C1



CZ



C2



C4



CP5



CP3



CP1



CPZ



CP2



CP4



FC6 C6



FC8



C8 A2



CP6



TP7



blinking produces 100-200 µV potential lasting 250 milliseconds [7]. A total of 40 artifact free trials are stored for each subject. As such, a total of 800 single trial VEP signals are available for analysis. Next, mean from the data are removed. This is to set the pre-stimulus baseline to zero.



TP8 P5



P3



P1



PZ



P2



P4



P6



P7



Noise is removed from the 61 channel VEP signals through the use of PCA. The method is described elsewhere [9].
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Figure 1: Locations of electrodes (61 active channels inside hexagon)



Figure 2: Some pictures from Snodgrass and Vandervart The subjects are asked to remember or recognise the stimulus. Stimulus duration of each picture is 300 ms with an inter-trial interval of 5.1 s. All the stimuli are shown using a computer display unit located 1 meter away from the subject’s eyes. One-second measurements after each stimulus onset are stored. Figure 3 shows an illustrative example of the stimulus presentation. This data set is actually a subset of a larger experiment designed to study the short-term memory differences between alcoholics and non-alcoholics [14].
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A 10th order forward and 10th order backward Butterworth digital filter is used to extract the VEP in the 3-dB passband of 30 to 50 Hz, i.e. in the gamma band range. Forward and backward operation gives zero phase response to remove the non-linear phase distortion caused by Butterworth filtering. MATLAB’s1 filtfilt function is utilised for this purpose. Order 10 is chosen since it gives a 30-dB minimum stopband at 25 and 55 Hz. Parseval’s theorem can now be applied to obtain the equivalent spectral power of the signal, ~ x using 2 1 N ~ (1) Spectral power = ∑ [x ( n)] , N n=1 where N is the total number of data in the filtered signal. These GBP values from each of the 61 channels are concatenated into one feature array representing the particular VEP pattern. This power is normalised with the GBP values from all the 61 channels. Figure 4 shows the procedure of extracting VEP features.
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Figure 4: Method to extract GBP features from VEP signals



Figure 3: Example of visual stimulus presentation



2.2 Feature Extraction



2.3 Identification using SFA



VEP signals with eye blink artifact contamination are removed using a computer program written to detect VEP signals with magnitudes above 100 µV. These VEP signals detected with eye blinks are then discarded from the experimental study and additional trials are conducted as replacements. The threshold value of 100 µV is used since



These VEP feature arrays are classified by a SFA into the different categories that represents the individuals. SFA is chosen instead of other NN due to its high speed training ability in fast learning modes. SFA is a type of neural network that performs incremental supervised learning [6]. 1
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It consists of a Fuzzy ART module linked to the category layer through an Inter ART module. During supervised learning, Fuzzy ART receives a stream of input features representing the pattern and the output classes in the category layer are represented by a binary string with a value of 1 for the particular target class and values of 0 for all the rest of the classes. Inter ART module works by increasing the vigilance parameter (VP), ρ of Fuzzy ART by a minimal amount to correct a predictive error at the category layer. Parameter ρ calibrates the minimum confidence that Fuzzy ART must have in an input vector in order for Fuzzy ART to accept that category, rather than search for a better one through an automatically controlled process of hypothesis testing. Lower values of ρ enable larger categories to form and lead to a broader generalisation and higher code compression. The testing stage works similar to the training (i.e. learning) stage except that there will be no match tracking. This is because the input presented to Fuzzy ART will output a category in layer F2, which will be used by the Inter ART module to trigger the corresponding category layer node that refers to the predicted class. Figure 5 shows the SFA network architecture as used in the experimental study. For further details on SFA, refer to [6].
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are fixed for the experiment. The order of training patterns to SFA for all experiments is conducted randomly. Table 1 shows the results of the experimental study. The table give the Fuzzy ART cluster size, SFA training time for one pattern, SFA testing time for one pattern, and the SFA classification percentage. The results are tabulated for varying VP values from 0 to 0.9 in steps of 0.1, where the averaged classification percentage of 94.18% obtained is shown. The maximum classification percentage is 95.75%. The average clusters required are 46.3, while the average train and test times are 0.019 s and 0.015 s. With additional NN training and improvements in VEP signal processing, it might be possible to increase the classification percentage.



4. Conclusion In this paper, a new method using SFA classification of VEP features has been proposed as a biometric tool to identify individuals. The VEP features consist of GBP values computed from 61 channels extracted while the subjects are seeing a picture. The positive results obtained in this paper show promise for the method to be studied further as a biometric tool to identify different individuals. The method could be used as a uni-modal (stand alone) or in part of a multi-modal person identification system. The method proposed is advantageous because of the difficulty in establishing another persons exact VEP output (i.e. difficult to forge) but the changes of VEP signals over longer periods of time requires further investigation. Table 1: SFA results
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Figure 5: SFA network as used in the study



3. Experimental Study As mentioned earlier, the VEP features consisting of GBP from 61 channels are used to train and test the SFA classifier to identify individuals. In all the experiments, half of the available VEP patterns (i.e. 20 from each subject) are used for training while the rest half are used for testing. Therefore, a total of 400 VEP patterns are used in training, while the rest 400 VEP patterns are used in testing. The selection of VEP signals for the training and testing datasets are conducted randomly and



VP 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 Average



Cluster 34 27 31 36 36 32 32 35 58 142 46.3



Train time (s) 0.014 0.011 0.013 0.015 0.015 0.015 0.014 0.015 0.022 0.058 0.019



Test time (s) 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.018 0.031 0.015



% 94.00 93.75 95.50 93.75 93.75 94.25 93.50 93.50 94.00 95.75 94.18



References [1] E. Basar, C. B. Eroglu, T. Demiralp and M. Schurman, “Time and Frequency Analysis of the Brain’s Distributed Gamma-Band System,” IEEE Engineering in Medicine and Biology Magazine, pp. 400-410, July/August 1995.



[2] L. Biel, O. Pettersson, L. Philipson, and P. Wide, “ECG Analysis: A New Approach in Human Identification,” IEEE Transactions on Instrumentation and Measurement, pp. 808-812, vol. 50, No. 3, June 2001. [3] J. Daugman, “Recognizing Persons by Their Iris Patterns,” in Biometrics: Personal Identification In Networked Society, Jain, A.K., Bolle, R., and Pankanti, S., (eds.), Kluwer Academic, 1999. [4] N. Duta, A.K. Jain and K.V. Mardia, “Matching of Palmprints,” Pattern Recognition Letters, pp. 477-485, vol. 23, no. 4, 2002. [5] A. K. Jain, A. Ross and S. Pankanti, “A Prototype Hand Geometry-based Verification System,” Proceedings of 2nd International Conference on Audio and Video-Based Biometric Person Identification (AVBPA), pp. 166-171, March 22-24, 1999. [6] T. Kasuba, “Simplified Fuzzy ARTMAP,” AI Expert, pp. 19-25, vol. 8, no. 11, 1993. [7] K. E. Misulis, Spehlmann’s Evoked Potential Primer: Visual, Auditory and Somatosensory Evoked Potentials in Clinical Diagnosis, Butterworth-Heinemann, 1994. [8] S. Pankanti, S. Prabhakar, and A.K. Jain, “On the Individuality of Fingerprints,” IEEE Transactions on Pattern Analysis and Machine Intelligence, pp. 10101025, vol. 24, no. 8, August 2002. [9] R. Palaniappan, S. Anandan and P. Raveendran, “Two Level PCA to Reduce Noise and EEG From Evoked Potential Signals,” Proceedings of 7th International Conference on Control, Automation, Robotics and Vision, Singapore, pp. 1688-1693, December 2-5 2002. [10] R. B. Paranjape, J. Mahovsky, L. Benedicenti, and Z. Koles, “The Electroencephalogram as a Biometric,” Proceedings of Canadian Conference on Electrical and Computer Engineering, pp. 1363-1366, vol.2, 2001. [11] M. Poulos, M. Rangoussi, V. Chrissikopoulos, and A. Evangelou, “Person Identification Based on Parametric Processing of the EEG,” Proceedings of the 6th IEEE International Conference on Electronics, Circuits, and Systems, pp. 283-286, vol.1, 1999. [12] A. Samal and P. Iyengar, “Automatic recognition and analysis of human faces and facial expressions: A survey,” Pattern Recognition, pp. 65-77, vol. 25, no. 1, 1992. [13] J. G. Snodgrass and M. Vanderwart, “A Standardized Set of 260 Pictures: Norms for Name Agreement, Image Agreement, Familiarity, and Visual Complexity”, Journal of Experimental Psychology:



Human Learning and Memory, pp. 174-215, vol. 6, No.2, 1980. [14] X. L. Zhang, H. Begleiter, B. Porjesz, W. Wang and A. Litke, “Event related potentials during object recognition tasks,” Brain Research Bulletin, vol. 38, no. 6, pp. 531-538, 1995.



























[image: Method of identifying individuals using VEP signals and ...]
Method of identifying individuals using VEP signals and ...












[image: Articles A simple score (ABCD) to identify individuals at ...]
Articles A simple score (ABCD) to identify individuals at ...












[image: A New Shot Change Detection Method Using ...]
A New Shot Change Detection Method Using ...












[image: 06/20/2017 USING BIG DATA TO IDENTIFY ... - Automotive Digest]
06/20/2017 USING BIG DATA TO IDENTIFY ... - Automotive Digest












[image: Using genetic algorithm to identify the discriminatory ...]
Using genetic algorithm to identify the discriminatory ...












[image: USING BIG DATA TO IDENTIFY, PREDICT AND ... - Automotive Digest]
USING BIG DATA TO IDENTIFY, PREDICT AND ... - Automotive Digest












[image: A New Method to Hide the Data in Audio Using ...]
A New Method to Hide the Data in Audio Using ...












[image: identifying individuals using ecg beats - Palaniappan Ramaswamy's]
identifying individuals using ecg beats - Palaniappan Ramaswamy's












[image: A New Method to Describe Infant Looking]
A New Method to Describe Infant Looking












[image: How to Identify a Poisonous Spider.pdf]
How to Identify a Poisonous Spider.pdf












[image: A New Method for generation of common keys using ...]
A New Method for generation of common keys using ...












[image: Glioblastoma-derived tumorospheres identify a ...]
Glioblastoma-derived tumorospheres identify a ...












[image: Method for securing a yoke to a tube using magnetic pulse welding ...]
Method for securing a yoke to a tube using magnetic pulse welding ...












[image: A New Approach to University Rankings Using Latent ...]
A New Approach to University Rankings Using Latent ...












[image: Apparatus and method for measurement for dynamic laser signals]
Apparatus and method for measurement for dynamic laser signals












[image: a design teaching method using shape grammars]
a design teaching method using shape grammars












[image: A statistical video content recognition method using invariant ... - Irisa]
A statistical video content recognition method using invariant ... - Irisa












[image: A Hybrid Method for Image Taxonomy: Using ...]
A Hybrid Method for Image Taxonomy: Using ...












[image: A statistical video content recognition method using invariant ... - Irisa]
A statistical video content recognition method using invariant ... - Irisa












[image: A Hybrid Method for Image Taxonomy: Using ...]
A Hybrid Method for Image Taxonomy: Using ...















A New Method to Identify Individuals Using Signals ...






larger categories to form and lead to a broader generalisation and higher code .... Conference on Control, Automation, Robotics and. Vision, Singapore, pp. 






 Download PDF 



















 211KB Sizes
 2 Downloads
 222 Views








 Report























Recommend Documents







[image: alt]





Method of identifying individuals using VEP signals and ... 

signals recorded while the subjects were resting with eyes closed [7] and with eyes ... The author is with the Faculty of Information Science and Technology,. Multimedia ... a computer program written to detect VEP signals in any one the frontal ...














[image: alt]





Articles A simple score (ABCD) to identify individuals at ... 

Jun 21, 2005 - 95% of referrals will not have a stroke in that period. Validated models .... risk factors for stroke at 3 months after a TIA.4,7 The five potential risk ...














[image: alt]





A New Shot Change Detection Method Using ... 

Department of Electronic Engineering, Shanghai Jiao Tong University ..... Consumer Electronics, vol. 49, pp. ... Circuits and Systems for Video Technology, vol.














[image: alt]





06/20/2017 USING BIG DATA TO IDENTIFY ... - Automotive Digest 

will need to be done as well as minimizing catastrophic failures through preventative measures. PREDICTS TRENDS. Fleet managers can now predict major ...














[image: alt]





Using genetic algorithm to identify the discriminatory ... 

classes in the category layer are represented by a bi- nary string with a value ..... testing) using MLP-BP is less than the FA due to the simpler architecture of the.














[image: alt]





USING BIG DATA TO IDENTIFY, PREDICT AND ... - Automotive Digest 

many businesses and industries â€“ and fleet management ... of things to identify patterns, trends, and associations. ... 2016 report by McKinsey & Company, while.














[image: alt]





A New Method to Hide the Data in Audio Using ... 

The quality of the audio file after encoding remains unaffected. Symmetric key cryptographic algorithm, DES was also used to ensure greater security. Keywords: Steganography, Cryptography, Audio Steganography, LSB ,DES. 1. Introduction. In fact, most














[image: alt]





identifying individuals using ecg beats - Palaniappan Ramaswamy's 

signals for verifying the individuality of 20 subjects, also using ... If the information matches, then the output is ..... Instrumentation and Measurement Technology.














[image: alt]





A New Method to Describe Infant Looking 

studying visual behavior during natural interactions in mobile infants. .... ing data presented a problemâ€”how to relate eye ...... rails as tools in a locomotor task.














[image: alt]





How to Identify a Poisonous Spider.pdf 

There was a problem previewing this document. Retrying... Download. Connect more apps... Try one of the apps below to open or edit this item. How to Identify a ...














[image: alt]





A New Method for generation of common keys using ... 

A generalized two-pass key agreement method, extending ... The exemplary work in public key cryptography by .... Digital Signatures and Blind Signatures.














[image: alt]





Glioblastoma-derived tumorospheres identify a ... 

tumorospheres and glioblastoma-derived cells grown as ad- herent cells ... VC 2006 Wiley-Liss, Inc. ...... Concerning NSCs markers, we found that TS express.














[image: alt]





Method for securing a yoke to a tube using magnetic pulse welding ... 

Jul 27, 2007 - (73) Assignee: Dana Automotive Systems Group,. LLC, Toledo ...... tapered at an angle in the range of from about ?ve degrees to about nine ...














[image: alt]





A New Approach to University Rankings Using Latent ... 

Answers to the first two questions allow us to obtain a sense of the degree to which certain institutions are similar or dissimilar as ... have questioned the integrity of the entire enterprise. At the most basic level, rankings ... generally do not 














[image: alt]





Apparatus and method for measurement for dynamic laser signals 

Mar 15, 2011 - (73) Assignee: Tecey Software Development KG,. LLC, Dover, DE ...... 409, the Analog to Digital Converter (204) performs an ana log to digital ...














[image: alt]





a design teaching method using shape grammars 

Computer-aided design in architectural courses has also had an influence on ... Civil Engineering, Architecture and Urban Design at the State University of Campinas, ... Frank Lloyd WrightÂ´s Prairie House Grammar (Koning and Eizenberg, 1981) .... Cr














[image: alt]





A statistical video content recognition method using invariant ... - Irisa 

scene structure, the camera set-up, the 3D object motions. This paper tackles two ..... As illustration, examples of a real trajectories are showed in. Fig. 4, their ..... A tutorial on support vector machines for pattern recognition. Data Mining and














[image: alt]





A Hybrid Method for Image Taxonomy: Using ... 

Copyright 2006, American Association for Artificial Intelligence. (www.aaai.org). .... designer s interests (who want to acquire knowledge) ..... business interests.














[image: alt]





A statistical video content recognition method using invariant ... - Irisa 

class detection in order to understand object behaviors. ... to the most relevant (nearest) class. ..... using Pv equal to 95% gave the best efficiency so that in ...... Activity representation and probabilistic recognition methods. Computer. Vision 














[image: alt]





A Hybrid Method for Image Taxonomy: Using ... 

response to the CAPTCHA test, in a collaborative fashion. Introduction. The human ... purely automated image characterization still presents inappropriate results .... running on the Web, from email accounts management. (Yahoo! Mail) to SMS ...


























×
Report A New Method to Identify Individuals Using Signals ...





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















