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.Abstract—Drug addiction has become a major issue in the world. 
There are certain governmental and non-governmental 
organizations which provide various programs to prevent, recover 
and rehabilitate drug addicts. The patients who are in the recovery 
process have a higher tendency of relapsing after being released to 
the society. The objective of this research is to produce a mobile 
based Drug Recovery Application and prevent patients from 
relapsing during the recovery process and to involve both family 
and rehabilitation centers to the recovery of the patient. In order 
to accomplish this objective, the application contains an artificial 
intelligent assistant which will guide/help the patient regarding 
issues occurred during the recovery process, a location tracking 
mechanism to identify the movements of the patient and possible 
high risk places where drugs can circulate, a voice analysis 
mechanism to analyze the voice of the patient and identify 
emotional states which might cause the patient to relapse and 
treatments are suggested to reduce the stress, anxiety and 
depression levels of the patient. The field of drug rehabilitation has 
been barely addressed via a proper technological solution, hence 
the system implemented as a result of this research, it can be 
effectively used for the recovery of the patients.

I. In t r o d u c t io n

Drug addiction is a long lasting and a relapsing brain 
disease which causes indispensable drug seeking and use, 
regardless o f the harmful consequences which can affect the 
drug addict and the people around them [1].

Drug addiction can be mainly seen as a brain disease 
because continuous drug usage can lead to structural and 
functional changes o f the brain. This repeating drug usage often 
affect the self control o f the drug addict, potential o f making 
decisions and also continuously increases the cravings to take 
drugs again and again. With the person taking drugs on a 
continuous basis, this becomes a habit. The main intention and 
the goal o f drug rehabilitation is to teach the patient the 
methodology o f discontinuing this habit.

Successful treatment programs typically consists o f many 
components, such as aiding the drug addict to stop using drugs 
and maintain a sober lifestyle (help to break the habit o f taking 
drugs), strengthen family relationships, guide the patient on 
facing the problems o f day to day life (taking decisions, 
controlling emotions, managing time/money etc.), provide 
medication and treatments to patients who suffer from mental 
disorders during the rehabilitation process [2]. Since addiction 
is often a chronic disease, drug addicted patients cannot simply 
stop using drugs within several days and be cured. Most o f the

drug addicted patients require long-lasting or repeated episodes 
o f treatment to achieve the final goal o f sustained abstinence 
and recovery [3]. Behavioral treatments are used as a significant 
tool to modify the attitudes and behaviors related to drug 
addiction, and to increase healthy life skills. Mainly there are 
two mechanisms used which comes under behavioral 
treatments.

Behavioral,Treatmaits

Outpatient Behavioral Treatments

■ Cognitive behavioral thoapy

• Motivational intorviewing

•  Motivational incentives

•  Multidimensional family therapy

Fig. 1: Common Treatments Used

Among these treatment mechanisms used, cognitive 
behavioral therapy is considered as a highly effective and a 
successful approach which helps the drug addicts to identify, 
abstain, and deal with the conditions where they are most likely 
to abuse drugs [4-6].

The major issue in drug rehabilitation is when patients are 
released to the society after the rehabilitation process, there is a 
higher probability o f them using drugs again [7]. This happens 
due to various reasons such as the patient getting the freedom 
o f doing what they desire, the communication, guidance, 
monitoring o f the rehabilitation center with the patient is getting 
weak, meeting old drug using friends and visiting the places 
where they tend to use/buy drugs, having difficulties in 
acquiring the rightful place in the family etc.

This research addresses the mentioned issues and guide the 
patient with the help o f patient's family, rehabilitation center 
and also through self-realization.

The system comprises o f two applications, a mobile based 
solution and a web based solution. While the mobile solution 
guides the patient, the web application keeps the family 
members and rehabilitation center updated about the patient.

The mobile application acts as an assistant for the patient. 
The patient is able to talk with the application during the 
recovery process and discuss basic matters with the application.

Residoitial Treatmaits 
Programs designed far drug addicts 

to remain in a drag-free residence 

for a certain amount of time period 

where they are trained and guided far 

a sober life.

e.g .: Therapeutic communities
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The application provides suitable responses and guide, advice 
the patient and provides treatment suggestions depending on the 
status of the patient. The assistant mainly covers following 
areas when it comes to advising and guiding.

The human voice is able to transmit information regarding 
emotions (eroticism, sadness, tenderness, fear, anger, and 
happiness) of the speaker [8]. The aim of voice analysis 
mechanism is focused on examining how a drug addict's 
emotional expressions are encoded in the speech.

• Problems regarding family relationships
• Controlling emotions (anger, sadness, happiness etc.)
• Time management
• Income (money) management
• Problems regarding sexual life
• Moving with friends

Fig. 2: Areas addressed by the AI Assistant

For an example the fundamental frequency of the voice is 
closely tied with emotions of the patient [9]. The focus of this 
study is to analyze the voice of drug addicts and determine 
whether they have taken drugs by considering emotional 
expressions [10]. By analyzing the voice of the patient, a report 
is generated regarding the emotional state and it is sent to the 
web application so that the rehabilitation center and family 
members can analyze and identify the state of the patient.

The location tracking mechanism gathers location specific 
data by using GPS (Global Positioning System) such as latitude, 
longitude, time spent etc. From those data the application 
identifies the places visited by the patient. Upon receiving 
sufficient amount of location specific data, the mobile 
application sends them to the server side. The server clusters 
the data and from that, variations of the user from the normal 
travelling patterns of patients are identified. Then all the 
deviations of traveling all of the users who use the application 
are clustered and the clusters with a higher density are 
considered as the possible high risk places, where drugs can 
possibly circulate. Based on these high risk places a report is 
generated and it is sent to the web application so that the 
rehabilitation center can take necessary actions. Additionally 
there is an the option provided for the patients to view the places 
that they have visited and the time spent on each of those 
locations, so that they can gain self understanding about the 
places they have visited and how they have spent time on each 
of those locations.

The patient might come across mental issues during the 
recovery process, such as increase of stress level, anxiety and 
depression. The application provides mechanisms to calm down 
the nerves of the patient and help them to stay sober. Those 
treatments include breathing exercises [11] and relaxation 
games implemented by mapping the cognitive behavioral 
therapy [12] characteristics.

The web based solution is used by the family members of 
the patient and the rehabilitation center. The family members 
can login to the system and view certain reports generated by 
the mobile application about the patient, report any unusual

behavior, symptoms, problems regarding the patient to the 
rehabilitation center.

Personals at the rehabilitation center are also capable of 
accessing all the records sent regarding the patients, analyze 
them, so that they can guide, advice the patients in a better 
manner.

II. A rtificia l  In te l l ig e n t  A ss ist a n t  
The patients can chat or speak with the AI assistant 

regarding their issues during the recovery process. The assistant 
contains the knowledge regarding six areas as mentioned in Fig
2. It is mainly used to solve the basic issues of the patients by 
providing solutions for them. Also it is effectively used as a 
companion to reduce loneliness and feelings of isolation of the 
patient.

The assistant was implemented by using the bot libre open 
source android sdk [13]. For the purpose of representing the 
knowledge of the assistant AIML (Artificial Intelligence 
Markup Language) was used.

Patient

Server Environment

Neural Network

Knowledge Base

Fig. 3: Overview of the System 

A. Operations o f the assistant

The user can either use text messages or voice messages to 
chat with the assistant. The assistant processes the user input by 
setting a semantic interpretation to the user request. Then this 
semantic interpretation is sent to the knowledge base and it is 
mapped with the AIML scripts deployed in the server. Through 
this mapping a proper response is identified and that identified 
response is sent back to the mobile application.

The knowledge base of the AI assistant is comprised with 
scripts written in AIML. By using AIML, knowledge regarding 
the six areas mentioned in Fig 2 is represented. These scripts
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contain proper responses for the semantic interpretations sent 
by the mobile application.

B. Finding a semantic interpretation

The process of finding a semantic interpretation is done via 
the local storage of the mobile device. First the application 
breaks the user input into words separated by spaces and these 
words are matched with a pool of words available in the local 
storage. With those pre-defined words there is a integer value 
which defines the number of matches which needs to be satisfied 
in order to provide a semantic interpretation. If the words match 
and the number of matches are greater than or equal to the 
declared integer value, the mechanism picks the semantic 
interpretation associated with those data.

Fig. 4: Basic Flow of AI Assistant

III. Location Tracking Mechanism 
Location tracking mechanism gathers GPS data in every 5 

seconds and calculates the time spent on each location the user 
visits. This mechanism uses Google map API for its operations. 
This process gathers the location specific data and those data 
are being added to the local storage. Upon reaching the level of 
500 records, all the records in the local storage are written to a 
file and it is transferred to the server. Upon successfully sending 
the data, records in the local storage are erased so that the 
memory utilization is optimized.

After gathering sufficient amount of location specific data 
the application clusters the data and variations of the user’s 
normal travelling pattern are identified. To identify these 
deviations, the application uses SPMF, java open source data 
mining library [14] and DBS can clustering algorithm [15]. 
Then all the deviations of all the users who use the application 
are clustered and the clusters with a higher density are 
considered as the possible high risk places where drugs can 
possibly circulate. Apart from identifying high risk places the 
application supports to identify whether there is any significant 
deviation of the user from their normal travelling pattern [16].

The generic pattern for the movements is updated every 
week. These generic patterns of all the patients are matched 
with each other to identify high risk places (possible places 
where drugs can circulate) as well.

Upon completing these operations a report is formed with 
the information generated and it is sent to the web application 
of the rehabilitation center and family members of the patient.

Additionally there is an option provided for the patients to 
r check the places that they have visited by them within a day. 
Patients can view the places visited and the time spent on each 
of those locations which can be used effectively be used as a 
self leaming/self realization [17] technique.

IV. Voice Analysis Mechanism

The voice analysis mechanism was developed using freely 
available source codes which are developed by Na Yang, 
Jianbo Yuan, and Yun Zhou, University of Rochester [19]. This 
component runs as a background process of the patient’s mobile 
device and it extracts patient’s voice features time to time when 
the patient is speaking with the application. Those features are 
sent to the server and fed into the neural network to identify the 
emotional state of the patient. The system generates a report 
regarding the emotional state of the patient and it is sent to the 
web application.

Fig. 5: Basic Flow of Voice Analysis Mechanism 

A. Feature extraction

Feature extraction focuses on extracting the statistics of 
speech features from audio files which are sent through the 
mobile device. Data with and without speaker normalization are 
both generated. Each individual speech file contains extracted 
speech features and de-normalized features of the audio file. 
The speech features include energy, energy differences, 
formant frequency and bandwidth, pith, pitch differences, 12 
MFCCs, and speaking rate. In this feature extraction phase, 
pitch is calculate by using the BaNa algorithm [20].
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B. Dataset Generation

This generates data sets for training and testing purposes. 
Extracted features are scaled and written in different data files. 
Entire data set which was obtained from the feature extraction 
phase was devided into trainging and testing data sets for 
further use.

C. Emotion Classification Using Multiclass SVM

Using the generated data sets, multiclass classifiers are 
trained by applying One-Against-All (OAA) approach [21], the 
classifiers were combined together as a single classifier. The 
classifier calculates results o f the six emotions; anger, disgust, 
fear, happiness, neutral and sadness. Then depending on the 
largest confidence value among the SVM classes it predicts the 
correct emotion.

V . T r e a t m e n t s

The application focuses on three mentalities o f the user; 
stress, depression and anxiety. Once the patient is in either of 
the these three conditions, they might not be able 
understand/judge what is best for them. Hence the application 
analyses the patient's condition by requesting the patient to 
answer a simple questionnaire [23-24] provided by the system 
and decide the most suitable solution for the patient to reduce 
or overcome the negative mentality which causes problems. 
The user needs'to state ‘Y es’ or ‘N o’ as the answers for the 
questions.

The application provides three games to reduce the three 
negative mentalities; stress, anxiety and depression. The ‘Word 
Game’ is focused on reducing the depression level o f the 
patient. The user is provided with a description and asked to 
guess the word that suits best for the description provided. Six 
attempts are given to the patient and the patient is provided with 
facilities to check whether the word leads to a correct answer. 
If the entered word is correct patient can proceed. In this manner 
the patients are made to think o f positive words (e.g. : love, 
warmth, affection) [25-27] so that their brain tends to look in to 
positivity thus reduces the depression o f the user. This game is 
implemented based on the psychological principle called 
‘Activation’ [28-31].

The ‘Smile Game’ focuses on reducing level o f anxiety o f  
the patient while following the psychological principle, 
‘Inhibition’ [32] which is defined as ‘a feeling that makes one 
self-conscious and unable to act in a relaxed and natural way’ 
[33]. In this game the patient is provided with an avatar. In order 
to score, the avatar should be moved so that it could catch 
smiling faces. Here there are some angry faces appearing which 
the patient should avoid. If the angry faces are being collected, 
the score will be reduced. The users are made to focus on happy 
feelings by making them to concentrate on smiling faces. This 
approach gradually develops positivity and reduces 
anxiousness since the mentality o f  a person can be changed 
depending on the things that they see [34].

The ‘Shape Game’ is focused on reducing the level o f 
stress o f the patient. The patient is encouraged to focus on one 
task so that the facts that cause stress to the patient are forgotten. 
The application provides different shapes with different sizes in

a way as they are falling down from the top of the mobile 
device, which allows the user to have enough time to think and 
move the shapes and arrange them in an orderly manner. 
Therefore the user arranges shapes the more the score is 
increased.

The games are implemented in a way that would attract the 
users. The interfaces are designed with cheerful colors and thus 
looking at these interfaces could implant positive/cheerful 
feelings within the patient [35-36], These games help the 
patients to transform their negative mentalities into positive 
ones even without knowing that they are actually being treated.

Apart from the above three games, the application also 
provides a mechanism for the patients to practice meditation. 
Meditation is a very effective way o f reducing negative 
mentalities [38] o f patients and it helps them to control their 
feelings. The application helps the patients to practice a 
breathing exercise which is one o f the basic meditation 
techniques. In order to help the patients, the application 
provides very relaxing music which is played in the background 
where the they can first focus on the music and then gradually 
practice the breathing exercise [37], [39], [40].

-♦ VI. C o n c l u s io n

The field o f drug rehabilitation and recovery has not been 
addressed with a proper, complete solution using novel 
technology similar to this research conducted. In this research 
the conventional recovery treatments are combined with 
technology to produce a mobile based solution. This could be 
used effectively for the recovery o f drug addicted patients. The 
application introduced is expected to achieve a higher rate of 
recovery o f the patient from drug addiction and also to identify 
possible high risk places where drugs are circulated.

The patients will have the access to use the application and 
the services provided when they need them at most. With AI 
assistant there is the option o f solving the basic issues o f the 
patients regarding the six areas mentioned in Fig 2. The 
treatment mechanisms provided is used to reduce the level of  
stress, anxiety and depression o f the patients. In order to 
provide effective monitoring o f the patients, the location 
tracking mechanism identifies the places o f drug trafficking 
visited and high risk places while the voice analysis mechanism 
analyzes the voice o f the patients to identify their emotional 
states. Using these mechanisms the probability o f patients being 
relapsed is reduced effectively. The web based system can used 
by the rehabilitation center and family members, so they could 
monitor/guide the patients towards complete recovery.

ACKNOWLEDGEMENT

The authors would acknowledge ‘Mel Madura’, Sri Lanka, 
for providing insight in drug addiction recovery and the 
monitoring process. Which used in the research conducted.

41



NCTM-2016

REFERENCES
[1] M. Le Moal and G. Koob, 'Drug addiction: Pathways to the disease 

and pathophysiological perspectives', European 
Neuropsychopharmacology, vol. 17, no. 6-7, pp. 377-393, 2007.

[2] D. Gerstein and L. Lewin, Treating Drug Problems', New England 
Journal o f  Medicine, vol. 323, no. 12, pp. 844-848, 1990.

[3] Kelly and W. White, Addiction Recovery Management. Humana 
Press, 2011, pp. 9-29.

[4] R. Anton, D. Moak, L. Waid, P. Latham, R. Malcolm and J. Dias, 
'Naltrexone and Cognitive Behavioral Therapy for the Treatment of > 
Outpatient Alcoholics: Results of a Placebo-Controlled Trial', 
FOCUS, vol. 1, no. 2, pp. 183-189, 2003.

[5] G. Botvin, E. Baker, A. Filazzola and E. Botvin, 'A cognitive- 
behavioral approach to substance abuse prevention: One-year 
follow-up', Addictive Behaviors, vol. 15, no. 1, pp. 47-63, 1990.

[6] K. Carroll, S. Ball, S. Martino, C. Nich, T. Babuscio, K. Nuro, M. 
Gordon, G. Portnoy and B. Rounsaville, 'Computer-Assisted 
Delivery o f Cognitive-Behavioral Therapy for Addiction: A 
Randomized Trial of CBT4CBT', AJP, vol. 165, no. 7, pp. 881-888,
2008.

[7] Alcohol Rehab, 'Beating the Relapse Statistics - Alcohol Rehab',
2015. [Online]. Available: http://alcoholrehab.com/addiction- 
recovery/beating-the-relapse-statistics/. [Accessed: 0 5 -Jul-2015].

[8] I. Murray and J. Amott, 'Toward the simulation of emotion in 
synthetic speech: A review o f the literature on human vocal 
emotion', J. Acoust. Soc. Am., vol. 93, no. 2, p. 1097, 1993.

[9] A. Raev, Y. Matveev and T. Goloshchapova, 'The Effect of Long- 
Term Use o f Drugs on Speaker’s Fundamental Frequency', in 14th 
International conference on SPEECH and COMPUTER, Kazan, 
Russia, 2011, pp. 1-6.

[10] M. Roxanne Dryden-Edwards, 'Drug Abuse Symptoms, Causes, 
Treatment - What are the physical and psychological effects of drug 
abuse and addiction? - MedicineNet', MedicineNet,
2015. [Online]. Available:http ://www.medicinenet. com/drugabuse/ 
page3.htm. [Accessed: 10- May- 2015],

[11] Helpguide.org, 'Relaxation Techniques for Stress Relief: Finding
the Relaxation Exercises That Work for You', 2015. [Online]. 
Available: http://www.helpguide.org/articles/stress/relaxation-
techniques-for-stress-relief.htm. [Accessed: 05- Apr- 2015].

[12] L. Jason, P. Fennell and R. Taylor, Handbook o f  chronic fatigue 
syndrome. Hoboken, N.J;: Wiley, 2003, pp. 493-526.

[13] P. Inc., 'BOT libre! - Free chat bot hosting (virtual agents, 
Twitterbots, emailbots, chatterbots, chatbots)', Botlibre.com, 2015. 
[Online], Available: http://botlibre.com/. [Accessed: 28- Jun- 2015].

[14] P. Foumier-Viger, A. Gomariz, T. Gueniche, A. Soltani, C. Wu and
V. Tseng, 'SPMF: a Java open-source pattern mining library1, The 
Journal o f Machine Learning Research, vol. 15, no. 1, pp. 3389- 
3393, 2014.

[15] Ester, Martin et al. 'A Density-Based Algorithm For Discovering 
Clusters In Large Spatial Databases With Noise'. 2nd International 
Conference on Knowledge Discovery and Data Mining (1996).

[16] D. Luper, M. Chandrasekaran, K. Rasheed, and H. Arabnia, "Path 
Normalcy Analysis Using Nearest Neighbor Outlier Detection", in 
Proceedings of the Int'l Conf. on Artificial Intelligence (ICAI'08) 
and Proceedings of the Int'l Conf. on Machine Learning; Models, 
Technologies and Applications (MLMTA'08), USA, pp. 776 -  783,
2008.

[17] Marlatt, G. A., & Gordon, J. R. (Eds.). “Relapse prevention". New 
York: Guilford. (1985).

[18] P. Boersma and D. Weenink, Praat. Amsterdam: University of 
Amsterdam, 2014.

[19] N. Yang, R. Muraleedharan, J. Kohl, I. Demirkol, W. Heinzelman 
and M. Sturge-Apple, 'SPEECH-BASED EMOTION 
CLASSIFICATION USING MULTICLASS SVM WITH HYBRID 
KERNEL AND THRESHOLDING FUSION', 2013.

[20] H. Ba, N. Yang, D. I and H. W, 'BaNa: A hybrid approach for noise 
resilient pitch detection', inIEEE, Ann Arbor, Ml, 2012, pp. 369 - 
372.

[21] V. N. Vapnik, The Nature o f Statistical Learning Theory, Springer- 
Verlag New York, Inc., 1995.

[22] P. Jackson and S. Haq, 'Surrey Audio-Visual Expressed Emotion 
(SAVEE) Database', http://kahlan.eps.surrey.ac.uk, 2015. 
[Online] .Available:http://kahlan.eps.surrey.ac.uk/savee/References 
.html. [Accessed: 06- Feb- 2015].

[23] W. Tinakon and W. Nahathai, 'A Comparison of Reliability and 
Construct Validity between the Original and Revised Versions of 
the Rosenberg Self-Esteem Scale', Psychiatry Investigation, vol. 9, 
no. 1, p. 54, 2012.

[24] B. Stoodley and M. Rosenberg, 'Society and the Adolescent Self- 
Image.', American Sociological Review, vol. 31, no. 1, p. 125, 1966.

[25] K. Mogg and B. Bradley, 'Attentional Bias in Generalized Anxiety 
Disorder Versus Depressive Disorder1, Cognitive Therapy and 
Research, vol. 29, no. 1, pp. 29-45, 2005.

[26] R. Stevenson, J. Mikels and T. James, 'Characterization of the 
Affective Norms for English Words by discrete emotional 
categories', Behavior Research Methods, vol. 39, no. 4, pp. 1020- 
1024, 2007.

[27] P. Fossati, S. Hevenor, S. Graham, C. Grady, M. Keightley, F. Craik 
and H. Mayberg, 'In Search of the Emotional Self: An fMRI Study 
Using Positive and Negative Emotional Words', AJP, vol. 160, no. 
11, pp. 1938-1945,2003.

[28] J. Anderson, 'spreading activation theory of memory1, Journal o f  
Verbal Learning and Verbal Behavior, 1983.

[29] A. Collins and E. Loftus, 'A spreading-activation theory of semantic 
processing.', Psychological Review, vol. 82, no. 6, pp. 407-428, 
1975.

[30] D. Chwilla, P. Hagoort and C. Brown, 'The Mechanism Underlying 
Backward Priming in a Lexical Decision Task: Spreading 
Activation versus Semantic Matching', The Quarterly Journal o f  
Experimental Psychology Section A, vol. 51, no. 3, pp. 531-560, 
1998.

[31] S. Reme, H. Eriksen and H. Ursin, 'Cognitive activation theory of 
stress— how are individual experiences mediated into biological 
systems ?', SJWEHSupplements, vol. 6, pp. 177-183, 2008.

[32] S. Dandeneau and M. Baldwin, 'The Inhibition of Socially Rejecting 
Information Among People with High Versus Low Self-Esteem: 
The. Role of Attentional Bias and the Effects o f Bias Reduction 
Training', Journal o f Social and Clinical Psychology, vol. 23, no. 4, 
pp. 584-603,2004.

[33] S. Dandeneau, M. Baldwin, J. Baccus, M. Sakellaropoulo and J. 
Pruessner, 'Cutting stress off at the pass: Reducing vigilance and 
responsiveness to social threat by manipulating attention.', Journal 
o f  Personality and Social Psychology, vol. 93, no. 4, pp. 651-666, 
2007.

[34] O. Ayduk, R. Mendoza-Denton, W. Mischel, G. Downey, P. Peake 
and M. Rodriguez, 'Regulating the interpersonal self: Strategic self­
regulation for coping with rejection sensitivity.', Journal o f  
Personality and Social Psychology, vol. 79, no. 5, pp. 776-792, 
2000.

[35] A. Elliot, M. Maier, A. Moller, R. Friedman and J. Meinhardt, 'Color 
and psychological functioning: The effect o f red on performance 
attainment.', Journal o f Experimental Psychology: General, vol. 
136, no. l,pp. 154-168,2007.

[36] A. Hettiarachchi and N. De Silva, 'Colour associated emotional and 
behavioural responses: A study on the associations emerged via 
imagination', Built-Environ SL, vol. 11, no. 1, 2012.

[37] J. Geddes,J. Price and R. McKnight. "Behavioural and cognitive 
treatments" in Psychiatry,4th ed.United States,2012, pp. 135-140.

[38] Kumar Nehra, Dharmender, Sheetal Nehra, and Rajeev Dogra. 
'Positive Psychological Functioning With Mindfulness Based Stress 
Reduction (MBSR) Program'. Global Vision Publishing House 
(2012), pp. 302-328.

42



NCTM-2016

[39] Pal, G.K, and S. Velkumary. 'Effects Of Short-Term Practice Of 
Breathing Exercises On Autonomic Functions In Normal Human 
Volunteers'. Indian J Med Res 120 (2004), pp. 115-121.

[40] Pramanik, Tapas et al. 'Immediate Effect Of Slow Pace Bhastrika 
Pranayama On Blood Pressure And Heart Rate'. The Journal of 
Alternative and Complementary Medicine 15.3 (2009), pp. 293-295.


