[image: ]

[image: ]Title:
WEARABLE DEVICE TO DETECT  PHYSIOLOGICAL SYMPTOMS OF ANGER WITH BUILT IN ALERT

By
Nick Regan
Student No: 	1803871

Supervisor:		Dr. Steve Mosey
Second Marker:	Gareth Jones

Project submitted as part of the requirements for the award of BEng (Hons) Electrical and Electronic Engineering

April 2021
[image: ]


		
Acknowledgements
To Dr Steve Mosey, Project Supervisor, for valuable advice, support and encouragement throughout the project.
















Abstract
Anger has been identified as a significant problem, leading to detrimental effects on health, and on occasions leading to domestic violence, physical and verbal abuse or self-harm.
This has become more common during the recent lockdown restrictions where long periods are spent in the domestic home working and in close proximity with others.
This project puts forward the idea of designing a wearable device which can detect and monitor the build-up and expression of  anger by measuring physiological symptoms which happen when anger is experienced. If there was a significant change in the results of the measurements then an alert would be initiated by the wearer which would enable them to become aware of the build-up of anger and prevent it escalating. It would also allow them to realise triggers that start the anger.
The physiological symptoms chosen to be measured are heart rate and skin temperature both of which alter during anger. The wearable portable device consists of an optical sensor, a thermistor and a vibrating disc on a neoprene band worn around the ankle.
The measurement results from the sensors change significantly due to various causes and it has been established that anger has a major influence on these changes. However the fact that there are other causes which can bring about the same changes complicated the experiment as it was not easy to isolate anger from other causes.
Also the design of the wearable device presented challenges as it was required to be discrete unobtrusive and comfortable.
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Chapter 1: Introduction

There are physical symptoms that arise in the body when a person becomes angry, emotional, or stressed. If these symptoms could be identified, monitored and the person discretely alerted when they occur, it may lead to:

· An awareness of the stressful emotion building up
· To deal with it sooner and prevent it escalating
· Realisation of the causes and triggers of the anger.
· To begin practise of self-management therapies

Experiencing anger frequently and the physiological symptoms from it, have a detrimental effect on health.  Also, if the anger results in domestic violence, then this may cause physical injury and emotional distress.

It would be beneficial for people experiencing these issues to be given an opportunity to recognise when the symptoms build up and to become aware of the symptoms at the time of happening by an outside stimulus which would alert them. Realising this may prevent the anger or stress building up any further.  The alarm would bring about a distraction effect which may stop, decrease or delay the anger feeling by starting management therapies such as controlled breathing or relaxation.  Also it may allow the person to recognise  triggers at an early stage. . Therefore it would  benefit  people if they could be made aware of their anger and the effects it could have.

In recent times, especially for the last year in which the country has experienced lockdown restrictions due to the coronavirus (COVID-19), there has been an increase in stress related mental conditions. In a survey carried out by Mind, a mental health charity organisation, 68% of participants stated their mental health had worsened during lockdown. (1). In particular, there has been an increase in incidents of domestic violence. (2,3,4,5,6,7). It is possible that this is due to anger caused  by the change in personal lifestyle and situations brought about by the restrictions.  For example, less income, lack of confidence, medical concerns, children off school and domestic/relationship issues. Anger may be a result of the frustration of these lockdown restrictions and psychological research has supported the fact that anger can be expressed by violence. (8,9,10,).

This project investigates the feasibility of producing a portable wearable device to measure  chosen  physiological symptoms by sensors and lead on to trigger an alarm to the wearer when the symptom increases.  Different types of symptoms to measure and measurement devices will be looked at. The possibility and benefits of attaching an alarm to the device are investigated as well as alarm signal.

It has become a normal habit in the last decade for people to measure and monitor their own heart rate, blood pressure, respiratory rate, and temperature for health and fitness monitoring purposes. Self-monitoring has become common place for health and fitness so it would be reasonable for acceptance of monitoring stress symptoms. 

Overall Aim:.
To produce a personal wearable portable device to monitor chosen physiological symptoms  with an attached alert alarm to notify wearer of  change. It will then be established whether the alert/alarm principle improves self-management of the anger.

Research objectives:
· To investigate the current levels of anger and domestic violence 

· To investigate the effects of anger and stress on health 

· To investigate the physiological signs produced by anger or stress
Hypothesis: Anger produces physiological symptoms

· To analyse methods used to measure and monitor identified symptoms

· To investigate method of building a wearable device to measure two symptoms which have been identified and chosen as appropriate.
Hypothesis: A wearable portable device can be produced to detect and monitor physiological symptoms caused by anger.

· To investigate benefits and method of attaching alarm function to measurement device, studying options of alarm signal.
Hypothesis: The wearable device will alert the wearer when symptoms change therefore  improveming management and lessening risk to health. 

· To investigate and establish suitable effectiveness criteria and verification of the device.

The outcome will be a portable reasonably discrete wearable device that can monitor by detection and measurement of two chosen physiological symptoms of anger:  heart rate and skin temperature. An alarm will be attached which will alert the wearer if and when the measurement changes from  a previously set normal range,  indicating  anger is occurring within the wearer. The effectiveness of such a device will be looked at..

The project will continue with Chapter 2; a  Literature Review divided into sections, with subject headings. This will be followed by Chapter 3; Methodology, which will detail the reasons for research, necessary steps for preparing the project and the tasks involved in carrying out the project. This will lead on to Chapter 4; Design and Implementation of the device. Chapter 5 follows, evaluating the results and outcome of the project. The project will then sum up with Chapter 6; Conclusions and Recommendations, and finish with a personal Reflection.








Chapter 2: Literature Review
Introduction

The literature review will be divided into the following sections:

· Is anger increasing, harmful, and therefore need addressing?
· Does anger produce physiological signs and if so what are they?
· Previous studies of detecting stress or anger by measuring physiological symptoms
· Previous studies of producing a wearable device

2.1 Does Anger Need Addressing?

Anger is a negative emotion and can occur naturally for a number of reasons causing no problems. If however it is often or extreme then it may have detrimental effects on self and others.
Santos-Longhurst, writing in a health article explains that  “Anger is a natural, instinctive response to threats. Some anger is necessary for our survival.” (1). The danger is that when anger is out of control and not managed properly it can have damaging effects. “Anger becomes a problem when you have trouble controlling it, causing you to say or do things you regret.” (1). 

In recent times, especially for the last year in which we have experienced lockdown restrictions due to the coronavirus (COVID-19),  there has been a  worsening of  current stress related conditions according to a survey carried out by Mind, (2). Santos-Longhurst explains  that anger is a response  to  “threats” and the lockdown restrictions caused by coronavirus have posed many threats of job loss, less income, and strain on domestic relationships. 

A counselling support  website explains that anger can lead to aggression resulting in “shouting at people (eg family colleagues and strangers) and physical violence (eg hitting punching people or slamming doors”. (3). Health education websites repeat that anger leads to arguments, fights, abuse, harming self and others. (4,5).

Since lockdown restrictions in 2020 due to the coronavirus (COVID-19), domestic violence has risen significantly.  In a study reporting the statistics of police call outs by Leslie and Fisher  during March to May 2020, it shows an initial increase of 9.7% increase, and an average increase of 7.5%. (6). The increase began showing a week before the restrictions were put into place, and were most significant during the first five weeks of restrictions, reaching 9.7%, before levelling out to an average of 7.5%.
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Figure 1: Increase in Police Calls During Lockdown (See Ref 6)

Also, Openheim, writing for The Independent newspaper noted an “escalation of domestic abuse” (7). 
Domestic violence is linked to anger and anger is usually required for any violence, verbal or physical to happen. Bradbury-Jones, writing for UK Refuge, one of the leading domestic abuse organisations reported that calls to the UK Domestic Violence Helpline increased by 25% in the seven days following the announcement of tighter social distancing and lockdown measures by the government. (8). The BBC also reported on the same topic, (9). 
 
Not only does anger increase the risk of a physical or verbal abuse resulting in harm to oneself and others, but it is also detrimental to one’s health. It is noted in a health education article that “Unmanaged anger can eventually cause harm to many different systems of the body”. (5). It continues with examples;
· Headaches
· Digestive system upsets
· High Blood pressure
· Heart Attacks
· Stroke
· Skin conditions- eczema and psoriasis

Staicu and Cutov  (10)  add diseases, such as diabetes and Bennett (11) adds lowered immune system and migraines as effects of anger. Can et al in a study on how stress affects health, points out that the sooner it is identified the better; “Stress must be studied in early stages to refrain from more damages and impede it from being chronic.” (12).  

2.2 What Physiological Symptoms does Anger Produce?

It is already known that anger does in fact produce physical symptoms in the human body. It has been already discussed previously the effect of anger on health and the systems of the body that are affected.  Jha et al confirm  “The changes in physiological parameters are the result of human body’s reactions to different emotions and moods and can be recognised by various sensors.”  (13). Also Sioni and Chittaro in a study of using physiological sensors in stress detection (14), state that “Emotions and bodily functions are related.” 
The hormones responsible for these changes are cortisol and adrenaline. (10,11). These hormones can produce physical symptoms which can be experienced by the person when becoming angry. The autonomic nervous system (ANS), divided into sympathetic nervous system and parasympathetic nervous system, releases these hormones which have a direct effect on several organs. (See App 1).  Stanborough, writing for Healthline, a health education website, explains that this process occurs during anger, stress, anxiety, panic and fear, so all of these emotions will produce the same symptoms. (15).  
Cirrino, (16) writing for a similar mental health educational website  lists possible symptoms that arise due to these hormones: 

· Palpitations
· Sweating
· Trembling
· Shortness of breath
· Chest Pain and tightness
· Nausea

Can et al (17) in a survey of monitoring physiological symptoms in stress detection list the main symptoms from a medical point of view.
· Raised heart rate
· Raised respiratory rate 
· Raised blood pressure
· Raised levels of cortisol 
· Raised levels of blood glucose
· Change in brain waves from alpha to beta
· Increased skin conductivity due to increased sweat
· Changes in  skin temperature
· Muscle tightening 
· Pupil dilation
· Dilation of airways
· Increased oxygen sent to brain

 Falk, writing for anxietycentre.com particularly mentions raise in temperature, “Stress and anxiety both can increase the body’s metabolism. The by-product of increased metabolism is heat. Being stressed and anxious can increase body temperature.” (18). Also Jha et al in their study of detecting anger state that “Anger affects the human brain instantly, increasing the blood flow to the skin and thus abruptly changing the skin temperature.” (13). In Jha et al’s results section of their study the temperature measurement is shown to have risen whilst experiencing anger. (See p 15 of this project). 

A study on the effects of stress on skin  temperature by Vinkers et al (19) however, state the ‘changes’  depend on what part of the body is measured. Skin temperatures measured in certain areas increase, and in other areas decrease.  According to Salafi and Kah (20) they agree in their study  with Can et al (17) and other studies  with  the physiological changes  listed. but, they state that the skin temperature  decreases.. Falk (18) mentions constriction of blood capillaries to the extremities as a symptom of the stress hormones, and that due to this the body tries to warm up, explaining the hot flush. Another study carried out by Yamakoshi et al, measures body temperature in truncal and peripheral regions and reports that during stress, there is no change in truncal temperature but a decrease in temperature in the peripheral regions. (21). It is not clear whether the skin temperature increases or decreases, but all studies agree that it changes.

Measurement of these symptoms can be carried out in various ways depending on the setting, ie domestic or laboratory.. See App 2 for information on measurement methods. Measurement using sensors is investigated  in the next research section 2.3


2.3 Previous Studies of Detecting Stress or Anger by Measuring Physiological Symptoms using Sensors 
With wearable devices ever becoming ever more popular over the last decade, starting with  fitness monitoring and followed by health monitoring, the author  was not surprised to find that a number of studies have been carried out about trying to detect symptoms of stress via a wearable device. Stress, including anger, have become a major health issue and are increasing. The author points out that the majority of these studies are studies of ‘stress’ detection by physiological symptoms, but in the author’s opinion they are closely linked as one can cause the other. Anger is an expression of stress. Stanborough writing for Healthline health education website states that stress and anxiety cause the same physiological symptoms as anger (15), so the studies chosen for this literature review were appropriate to this project.
The first study in this review  was carried out by Can et al (17), researching methods possible to detect and monitor stress in daily life scenarios. The aim was to identify symptoms and other signs and effects on health when experiencing stress. They point out that  “In the last two decades researchers have realised that there is an important relationship between the physical health of an individual and his/her emotional state.” (17). 
In their study Can et al looked at features of physiological symptoms and referred to these as “The physiological and physical manifestations of an individual to detect the current emotion.” (17). Their study listed all the previous physiological symptoms discussed in 2.2 and each of the methods of measuring by sensors and medical equipment already discussed in 2.2. but added thermal imaging and magnetic resonance imaging (MRI) but did not detail the reason.
Challenges were discussed in this study. For example some of the methods used for measuring physiological symptoms would require invasive techniques such as blood sampling. Some methods required cumbersome equipment and skin preparation (EEG electrodes placed on hair shaved scalp using gel). Further challenges were placement of the sensors to obtain the best measurement, sensors falling off, electrodes needing low conductivity gel, sensors being sensitive to body movement (PPG), data fusion from different sensors, choice of sampling frequencies and accumulating too much data, noise and battery life. (17). This information reinforced  to the author the importance of physiological symptom choice, sensor choice in order to produce a wearable device that was unobtrusive, but gave an accurate measurement. 
In Can et al’s study  self-reporting, and questionnaires were mentioned.. The author suggests that this will be necessary to link change in physiological symptoms noted by sensors to an event experienced by the wearer. 
Another study by Sioni and Chittaro (14) investigates the most common physiological signs and points out that each physiological symptom “has its strengths and weaknesses.” (14) They mention the  symptoms and sensor measuring methods earlier listed.  They conducted a study of participants watching frightening virtual reality videos . Participants wore sensors to measure heart rate, respiratory rate, and electrodes for skin conductivity. Also EMG muscle electrodes placed on the face. “Contraction of muscle fibres…located in the cheek…forehead …and eyes help to distinguish between positive and negative high arousal emotions.” (14). The study included  brain electrical activity measurement and the issues of setting up electrodes on the scalp This study successfully showed and detected changes in all physiological signals.  
Healy and Picard (25) conducted a study of the physiological effects of stressful driving and road conditions on drivers, by detecting and measuring  physiological symptoms with sensors, during real world driving.  The test produced symptoms of  increased respiration, heart rate, tightened muscles, and increased conductivity in the skin. Each driver had the following sensors in place:
Hall Effect sensor on chest (two magnets in an elastic strap) to measure chest movement for respiration rate. 
Electrocardiagram (ECG) electrodes placed on chest to measure heart rate by the R wave.
Electromyogram (EMG) muscle electrode placed on trapezius muscle in the shoulder. 
Electrodes placed on fingers and patch on palm for skin conductivity measurement. 
                                    [image: ]
Figure 2:  Illustration of Sensors used: Taken from Project by Healey and Picard’s  (25)
The results concluded that changes occurred on all physiological signals matching the stressor markings on the video and the accuracy was 97% .(25) This study was useful with provision of information of how the sensors were able to detect the symptoms at the time of stress. Healey also points out in a separate publication on the same experiment (23) that the skin conductance electrodes fell off in two of the participant’ s drives.
Another study in the review on the subject of safety while driving was conducted by Yamakoshi et al (21) who conducted a study to ascertain the effect of stress while driving, on the body core and peripheral temperature. They chose temperature as a physiological symptom but also measured blood pressure and heart rate. They also included a thermal imaging camera, (also mentioned in 14 and 17), to measure  heat around the face in four positions. The heart rate and blood pressure both rose at times during the test. A thermistor was placed on the finger tip. The results were very interesting as in peripheral parts (nose and fingertip), the temperature lowered but truncal (core) temperature remained the same. In Yamakoshi et al’s opinion this was caused by the fact that vasoconstriction occurs in the peripheral parts of the body (four limbs and nose) as a reaction to stress by the ANS.  “The peripheral skin temperature which is mainly adjusted by the blood volume can potentially be changed by stress.” (21). 

2.4 Previous Studies on Producing a Wearable Monitoring Device
A  general study on the feasibility of wearable devices by Panteopoulos and Bourbaki (26), reinforce  the challenges in the design of a wearable device for measurement. “The weight, size of the system need to be kept small and the system not hinder the user’s movements or actions.” (26). This is not helped by the fact that some sensors are of bulky size and require specific body placement for the best measurement result. 
A study conducted by Sano and Picard (27), aimed to find physiological markers for stress.  They believe that making people more aware of their stress would help them to understand it if it were detected. 5 days of data were collected on eighteen students on a continuous basis.  The data was collected from a wearable device worn on the wrist designed by Sano and Picard.  The device was worn on the wrist of the non-dominant hand and contained a tri axis  accelerometer. Also, two electrodes placed on the index finger and middle finger to measure the skin conductivity.  The study was initiated in a laboratory setting and continued at home until the following day. No simulated stressors were included. The participants completed personal surveys twice a day on health sleep moods and events. The results of the accelerometer and skin conduction electrodes in Sano and Picard’s study matched stressful experiences recorded by the participants. II is not made clear in  their study why  the accelerometer was used, However, comments are made in the results section about physical activity of the participants during sleep and wake time, so this is the likely reason.  
Salai et al (28) were interested in monitoring stress by physiological effects by using only one sensor measurement of the heart rate. Another study by Xin and Wu (22), used only  measurement of blood pressure Their aim was to lessen the consequent risk to their health.  The description of the study was “to design a wearable unobtrusive mental stress monitoring device”. (22) In their study however, no personal record by the participants of stressful occurrences during the experiment time was mentioned. So there was no record of evidence of the cause of the heightened blood pressure In the author’s opinion the study would have been more effective if a diary had been kept of events by the participants to compare  Also like Salai (28) only one symptom was measured and in the author’s opinion one symptom would not be sufficient.
Another study by Salafi and Kah (20) also had an aim of reducing the risk to health by the effects of stress. Salafi states  “Chronic stress can elicit various mental disorders and increase the risk of cardiovascular health.” (20). The main aim of the study was “Assist users to alleviate their stress”. (20). Again, like other studies, Salafi wanted a wearable device that used physiological sensors to “monitor stress” and “alert the wearer” that was  “inconspicuous” (20). The physiological symptoms Salafi chose to detect and measure were heart rate, skin temperature, and skin conductivity. 
In order to achieve the objective of an inconspicuous device Salafi felt it was necessary  to choose “unobtrusive small sensors and avoid dangling wires.” (20).  
50 participants were used  for the study. Salafi and Kah used a sticky patch placed on the palm of the hand containing a thermistor to measure skin temperature, electrodes placed on two fingers to measure skin conductivity,  a chest strap with a heart sensor (20)  to measure heart rate. They state that  the PPG sensor works best on ear lobes and fingers, but do not mention exactly which type of sensor was attached to the chest strap, so this part is unclear. The 50 participants undertook  simulated stress exercises of a maths test and a Stroop Colour Test. (See App 3)., and measurements taken before during and after.  The results of Salafi and Kah’s  study showed  91.26% accuracy. Salafi and Kah concluded that although the results were accurate, the device was not inconspicuous. (See Figure 3 below)  They also point out that electrodes on the fingers often fall off and are affected by movement. (20).
                                                  [image: ]
Figure 3: Illustration of Device Taken from Project by Salafi and Kah (20)
A further study on producing a wearable device was carried out by Zagronis et al (29) and like Salafi and Kah (20) attempted to measure the skin conduction using electrodes. 50 participants watched unpleasant high arousal  photographs on screen, and measurements were taken. These were compared with measurements taken during a calm period. The accuracy results ranged between 75% and 95%. However, as shown below, in Figure 4 the device is not practical for wearing in the daily life in a domestic situation and shows that the design of a wearable device would be a challenge.
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Figure 4 : Illustration of Device Taken from Project by  Zagronis et al  (29)
The author found an interesting study by Jha et al, (13), on creating a wearable device containing sensors which can  detect anger in particular, which is more applicable to the author’s project.  Their aim was to design a wearable device that would monitor and alert by means of sending a message via Bluetooth to a smart phone if symptoms significantly changed. In their opinion anger has a more significant effect on health than other emotions; “Anger is one of the most destructive emotional states and needs continuous monitoring for a healthy lifestyle.” (13) and “Anger is one of the  most important emotions that can negatively affect health in the long term” (13) 
“Anger is one of the most destructive emotions that affects the aforementioned physiological parameters leading to illness and is difficult to completely quantify and predict.” (13). They point out that biosensors are regularly used to measure parameters to monitor health and since anger can effect health detrimentally, and state it is “a major concern” detection of it should be introduced.
Although mentioned earlier the similarities between stress and anger and the link between them and the fact all emotions produce the same physiological symptoms (15), the opinion of Jha et al is that anger is certainly different: “Anger is an emotion that is generated instantly and can be controlled by the person, whereas stress is a long time built up response that occurs mostly because of factors not easily controlled by a person.” (13). The author agrees with this statement but does not agree that it can be detected apart from other emotions without additional information from wearer.  
Again, like other studies,  Jha et al desired an unobtrusive wearable device which was inexpensive. They chose to measure the skin temperature, heart rate and skin conductivity on 10 students aged between 19 and 25yrs, for periods of 8 hours, continuously. The heart rate is measured every 10s and averaged every minute. The study does not state how often the other measurements are samples. 
Again the skin conductivity was measured by two electrodes placed on two finger, a patch was placed on the palm containing a thermistor (model not given) and a pulse sensor (model SEN11574 from Sparkfun (30).
Also Jha et al realised that any sessions of physical activity from the participants would produce false symptoms of raised heart rate and temperature and skin conductivity so this would need to be identified and eliminated. They dealt with this by adding a tri axial accelerometer to the palm patch.  (model ADXL345 Adafruit (31)) This sensor would show physical movement.
.. Setting was needed to enable the device to send a warning message . Research was carried out by Jha et al to determine normal and abnormal heart rates. This would differ in individuals. Therefore if a ‘high’ maximum heart rate was used as a setting to reach to initiate warning message, then an individual with a normal low heart rate may never reach that number of beats per minute even though their heart rate was significantly increases, therefore missing the event. The author felt that this was a relevant point. Jha et al decided to set the device to message by setting a maximum change in the heart rate of 40 bpm.. Similarly the setting was a change of 1.5°C change in temperature. Importantly if the accelerometer showed activity for more than 80s then the  reading would be ignored. 
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Figure 5: Illustration of Device Taken from Project by  Jha et al (13)
The results of the study were that 91% of the detections were accurate. The heart rate increased and the skin temperature increased. The participants kept an account of any events where they experienced anger during the experiment time and two cases of anger were identified. The increase in heart rate due to physical activity was also successfully identified. It concluded that the device was unfortunately not unobtrusive or comfortable or discrete so further work would be carried out to identify nano sensors for future designs. 







2.5 Physiological Symptom Measurement Taken From Studies
	
Study Authors
	Physiological Symptoms Measured

	Sensors Used
	Stressors Used
	Accuracy

	Sano & Picard (27)
	Skin Conductivity
Physical Movement
Behaviour
	Electrodes on fingers
Accelerometer
Mobile Phone use
Questionnaire
	None- Natural daily living
	87.5% Wearable
Questionnaire and Activity from accelerometer

	Healey & Picard (25)
	Skin Conductivity
Heart Rate
Respiration Rate
Contraction muscles
	Electrodes on fingers
ECG leads on chest
Hall effect sensor around chest
EMG sensor on shoulder
Video camera
	Driving busy city hazardous route for one hour
	97% 
Drive videoed with stress markers
Questionnaire

	Sioni & 
Chittaro (14)
	Skin Conductivity
Heart rate
Respiratory rate
Contraction  facial muscles
Brain electrical  activity

	Electrodes on fingers
ECG
EMG sensors on face
EEG electrodes on scalp

	Virtual reality videos 
Plane crash
Fire in hotel
Terrorist attack
	Time of stress points on videos noted
Participants observed Signals recorded continuously during 
(Laboratory setting)

	Xin & Wu (22)
	Blood Pressure
	Optical Light Sensor on wrist
	None- Natural daily living 
	<10mg/Hg Wearable
Compared with sphygmomanometer

	Salafi & Kah (20)
	Skin Conductivity
Heart Rate
Skin Temperature
	Electrodes on fingers
Thermistor on palm
PPG Sensor
	Stroop Test vs
relaxing music
	91.26%
Participants observed Signals recorded continuously during 
(Laboratory setting)


	Jha et al (13)
	Skin Temperature
Heart Rate
Physical Movement
	Thermistor on wrist
Optical Sensor on wrist
Accelerometer on wrist
	None- Natural daily living
	91%
Diary used 
Wearable

	Yamakoshi et al (21)
	Blood Pressure
Heart Rate
Truncal Temperature
Skin temperature
	PPG Oximeter on finger
Thermistor DS103
Thermal camera
	Simulated long. Monotonous drive.
	Continuous measurements and observation,
(Laboratory setting.)


Table 1: Table of Physiological Symptom Measurements taken from  Studies



Conclusions from Literature Review
On completion of the research survey and review, the author had the following conclusions:

Anger  can become a problem if not controlled, (1) and can lead to verbal or physical abuse, domestic violence  and self-harm, (1,3,4,5,8).. In recent times since lockdown, the incidence of domestic violence has increased  (6,7,8,9). 
 
Anger has a detrimental effect on health. (5,10,11,17).

The studies had mixed intentions and aims:
Healey and Picard, (25), Sano and Picard, (27), Can et al (17), Yamakoshi et al (21) Sioni and Chittaro (14) and Salai et al  (28),  all had an aim of investigating  exactly what  physiological signs were  caused by stress and obtaining evidence by measurement. Therefore the author has concluded that physiological symptoms were identified and evidence obtained that they can be detected with medium and high percentage accuracy results. However, the choice of symptoms to be measured will need to be carefully considered to fulfil the criteria of the requirements of the wearable device for this project.

Salafi and Kah (20), Xin and Wu, (22), Sano and Picard, (27), Jha et al (13) and Can et al (17) all shared a concern about the health risk of anger and stress and an aim to make people aware of this by detecting the related physiological symptoms by alerting them. The author therefore concludes that people’s health and safety would benefit by being made more aware of symptoms caused by anger and stress.
Xin and Wu, (22), Jha et al, (13), Salai et al, (28), Pantelopoulos and Bourbakis,  (26), and Salafi and Kah (20),  all shared an aim to design a wearable device that was unobtrusive, inconspicuous and discrete. The author understands the reasoning for this requirement but now recognises the difficulties associated with this. The author concludes that this would be looked upon as a challenge.

Salafi and Kah (20), Healey and Picard, (25), Can et al (17), mention skin electrodes falling off,. Can et al (17), mention placing of the PPG sensor as a challenge. Vinkers et al, (19) and Yamakoshii et al  (21) mention the placement of thermistor will affect the temperature recording. Can et al (17) mention some sensors are large and cumbersome. The author has concluded that the choice of physiological measurement, appropriate sensor and placement  is of high importance.
[bookmark: Bookmark]






















CHAPTER 3:  METHODOLOGY

Several methods were considered necessary in carrying out the preparation and research on the topic of the project. 
Literature review was divided into sections:

3.1 Literature review on the current situation of anger and evidence of recent increase in domestic violence. This research was to consider if anger is a current problem and  needs addressing. (6,7,8,9). This will add to the feasibility of the wearable device. Statistical information from media sources  was used, including The Independent newspaper, The Guardian newspaper, BBC news and Mind Mental Health Charity.
 
3.2 Literature review on possible effects of anger on health: This was to establish whether anger is harmful to health and if so, would add to the feasibility of the wearable device to increase awareness and lessen risk to health. (5, 10,11,17). Further investigative research using health education and mental health education websites including articles by psychologists and clinical professionals . Medical textbooks were also used. 

3.3 Literature review on physiological symptoms of anger: This is to ascertain the possibility of being able to detect and monitor anger. Again, information was from health education sources, and scientific studies and experiments.  

3.4 Literature review on previous controlled studies of using sensors to measure physiological symptoms to measure emotion such as anger.: (14,17,21,25). This was necessary for the decision of which physiological symptoms can be measured accurately and to learn from other researcher’s experiences and become aware of challenges and issues with certain sensors. The author located studies that were conducted to identify and prove these symptoms did appear when a person became angry. 

3.5 Literature review on previous studies of designing a portable wearable device containing sensors: (13,20,22,27,28,29,30). This is necessary to influence the decision of which physiological symptoms can be measured accurately from a wearable device and to learn from other researcher’s experiences and become aware of challenges and issues with certain sensors being appropriate with a wearable device.

Literature used for the research detailed above ( 3.1-3.6)  was from journals such as: 
· Journal of Healthcare Engineering
· International Journal of Electronic Engineering
· Journal of Biomedical Informatics
· International Journal of Computational Engineering and Management
· IEEE Transactions on Systems Man and Cybernetics

Presentations from conferences such as:
· International Federation for Medical and Biological Engineering
· WACBE World Congress in Bioengineering
· Annual International IEEE EMBS Conference
· Humane Association Conference on Affective Computing

· Articles were obtained from internet scientific library sites such as https://www.tresearchgate.net,  
· https://www.sciencedirect.com/  
· https://www.ieeeexplore.ieee.org 
· https:// www.ncbi.nlm.nih.gov




3.6 Discussions with Project Supervisor. 
This was necessary for guidance support and advice on each step of the project. Virtual meetings were carried out on a weekly basis.

3.7 Identification of Challenges: 
Challenges were identified during research of similar studies and previous research, such as:
· Practicality of wearable device so as not to interfere in user’s activities and movements. (13,20)
· Isolation of anger from uncontrollable factors, such as physical activity affecting symptoms, positive emotions. (13,22 )
· Data fusion of sensors (17).
· Big data (17).
· Simulating anger
It was necessary to identify any challenges in order to find ways of dealing with them.
For example, to identify activities and variables while the user is wearing the device, the user will be asked to keep a diary to record events and the time they occurred. The author will design a suitable form. (See 3.11). Also methods would have to be chosen to create a simulated stress effect.

Another challenge was the current restrictions put in place by coronavirus (COVID-19)  of social distancing and danger of passing on infection. This has influenced the method of the experiment and trial of the device. (See 3.11)

3.8 Hardware Implementation: It was necessary to consider choice of which physical measurement and how many, to measure and which sensor to select. For maximum success of the aim of this project careful consideration must be given to this part. Tables were compiled with options of different types and models with technical information and justification of choices. Also suitable material was sourced to attach sensors and alarm, to comfortably place on wearer.









3.9 Block Diagram
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Figure 6: Block Diagram of Process

3.10  Method of Verification of Device: 
The device once put together would have to be tried out by experiment to see if the principle worked. The normal values of chosen physiological symptoms and the percentage of change which is significant were in order to set the alarm in the device. This was necessary in order to set sensors accordingly. Information was obtained from reliable medical sources.

 Similar studies and previous research was referred to investigate ways of trying out the device and evaluating its working potential. Due to the coronavirus (COVID-19) restrictions, it was not possible to build and test the actual device itself, so an alternative method was used to test for measurement changes only, which was the idea behind building the device.

It was necessary to create a simulation to cause a change to the measurement results. With anger, this was a challenge. Other emotions can produce similar changes so a suitable simulation was performing a karaoke song and giving a presentation in front of others on video to cause nervous stress. Times would be noted.

 In order to identify reasons for  measurement change, the author compiled a form for the wearer to complete with details of all events occurring during the experiment. (See App 4). This is necessary as changes in physiological readings could relate to other external events during the time the user is wearing the device. This would form part of the analysis..

3.11 Planning and Monitoring of Progress of Project: A Gantt Chart was used for this purpose.  This was necessary to organise and plan ahead by listing all tasks and order of carrying them out. A time plan can be decided and adhered to. This chart assists by ensuring nothing is forgotten or carried out too late. Also it can highlight any problems that need adjustment.
See Gantt charts for this project below:
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Gantt Chart Tasks 1-19[image: ]
Figure 7: Gantt Chart Tasks 1-19


Gantt Chart Tasks 20-35
[image: ]
Figure 8: Gantt Chart Tasks 20-35




Gantt Chart Tasks 36-53
[image: ]
Figure 9: Gantt Chart Tasks 36-53
Chapter 4: Design and Implementation

4.1 Measurement Choice
After completion of literature research the author decided to measure the physiological symptoms of skin temperature and heart rate.
The reason two parameters were chosen to measure was because that in the opinion of the author, observations of changes in one symptom would be insufficient evidence. To have a record of changes in two separate measurement types would be more supportive. 
The sensors used to measure skin temperature and heart rate are small in size and less cumbersome so would be more suitable for a portable wearable device. 
In previous studies it has been concluded that skin temperature and heart rate both change as a result of the user becoming angry, due to the effect of the ANS on the physical body.
The author chose a suitable device to measure heart rate and skin temperature as outlined below.











4.2 Heart Rate Measurement
Table of  Heart Rate Measurement Devices
	Measurement Types
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Eden Instruments ECG Model SL6A-IEC (32)
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FKA Brands Pulse Oximeter Model 
Homedics (33)
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RHOM HR monitor Sensor evaluation board Model BH1790GLC
(34)

	Price
	£2,322.65
	£39.99
	£16.02

	Details
	6 channels, printer, rechargeable batteries
Built in rechargeable battery for portability pacemaker, automatic measurement and interpretation for adults and paediatrics
	Light and compact design, quick measure, automatic power off. O2 sensor and heart rate sensor.
	Voltage 2.5V to 3.6V
2.80 x 2.80 x 1.00mm
Suitable for:
Wearable device, smart phone, Tablet PC


Table 2: Heart Rate Measurement Devices
The author of this design decided to select heart rate sensor for this project as it is the most suitable out of the options given. The oximeter has to be positioned on a finger as a peg and the ECG is obviously not appropriate due to its size and technology. The heart sensor is small and performs the required task.








Table of Heart Rate Sensors
	Heart Rate  
Sensor
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Maxim HR and PO Monitor Model MAXREFDES117# (35)
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DFRobot HR Sensor Model SEN0203 (36)
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RHOM HR monitor Sensor evaluation board BH1790GLC
(34)

	Price
	£14.68
	£15.48
	£16.02

	Voltage
	2V to 5.5V
	3.3V to 6V
	2.5V to 3.6V

	Interface
	I2C
	
	I2C

	Dimensions
	12.7 x 12.7mm
	28 x 24mm
	2.80 x 2.80 x 1.0mm

	Details
	Low power, free algorithm, can be used with any microcontroller that has I2C interface
	Designed for Arduino Microcontrollers, simple and low cost technique
	Wearable device, smart phone, Tablet PC


Table 3: Heart Rate Sensors
The author has decided to use to RHOM HR sensor evaluation board as it is very small and specifically used for wearable devices. Even though it is the most expensive out of the three options the price difference is minimal. It consists of an LED driver and green light detection diode. The driver controls the light brightness and light emitting period. It has high accuracy in wave detection. 
The sensor will ready every 1/32 secs and will use 2 bytes of data as it uses two registers to turn LED’s on as stated in the datasheet.
This sensor has an I2C interface so will be connected to the I2C port.





4.3 Temperature Measurement
Table of Temperature Measurement Devices
	[bookmark: _Hlk64657060]Temperature
Measurement Devices
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 Bercom IR Thermometer JXB18Zb(37)
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RS ProThermocouple  8471157 (38)
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Texas Instruments Temp Sensor 
LM 35 (39)

	Price
	£29.95
	£19.49
	£1.86

	Voltage
	
	
	4V to 30V

	Temp Range
	10°C to 40°C
	-40°C to 1100°C
	-55°C to 100°C

	Interface
	
	
	

	Dimensions
	187 x 120 x 57mm
	Diameter – 3mm
Length – 150mm
	

	Details
	Simple to use, built in memory, can take 3 types of measurements, automatic power off, audible alarm if temp more than 38°C
	Highly flexible, Sheath can be bent/formed to suit many applications and processes.
	Large temp range, cheap, suitable for remote applications. Simple to use


Table 4: Temperature Measurement Devices
The author has chosen to use the temperature sensor as they are more suited for this project due to being accurate and small and lightweight. They are also inexpensive.








Table of Temperature Sensors
	Temperature 
Sensor 
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Omron Instruments MEMS Thermal Sensor  D6T8L06 (40)
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Digikey Human body temp sensor
MAX30205MTA+  (41)
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Texas Instruments Temp Sensor 
LM 35 (39)

	Price
	£36.32
	£3.25
	£1.86

	Voltage
	4.5V to 5.5V
	2.7V to 3.3V
	4V to 30V

	Temp Range
	5°C to 55°C
	0-50°C
	-55°C to 100°C

	Interface
	I2C
	I2C
	

	Dimensions
	18 x 14mm
	3 x 3mm
	

	Details
	High-precision area temp detection
	Used in Fitness and Medical applications
	Large temp range, cheap, suitable for remote applications. Simple to use


Table 5: Temperature Sensors
The author has chosen to use the LM35 sensor as it is inexpensive, small in size and weight and simple to apply. It works in linear proportion to centigrade. 
The sensor has an analogue output and will read every second using 1 byte of data.










4.4 Vibration Alarm

After completing the literature research the author decided to incorporate an alarm to alert the user of significant changes in the measurement values in the design of the device. The reason for this is that one of the main objectives for this device is to bring awareness to the user of the anger build up, enabling them to become distracted. This will enable them to calm down or put management therapy into practice. To become aware of the anger will lessen the risks to health. (13, 21,22,28). 

Table of Vibration Alarms
	Sensor
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Pi Hut Mini Vibrating Disc Motor
102867 (42)
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Precision Micro
Vibration Motor 
304002(43)
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Banggood Vibration Motor Module Mini Flat Vibrating DC Motor 
1334091 (44)

	Price
	£2
	£4.18
	£4.73 inc shipping

	Voltage
	2V to 5V
	1.7V to 3.6V
	3.0V to 5.5VDC

	Dimensions
	2.7mm thickness
10mm Diameter 1g weight
	4mm Diameter
8mm Length
	Not available

	Rotation Speed
	NA
	14,100 rpm
	NA

	Details
	 Inexpensive 
	Very Popular,
	Suitable as a non-audible indicator, easy to connect.


Table 6: Vibration Alarms
The author has chosen the mini vibrating disc. It is suitable for this design as it is slim and lightweight so will fit in easily. Also the vibration is discrete as it can only be felt by the wearer. It is also inexpensive.




4.5 Buzzer Alarm
Table of Buzzer Alarms
	Sensor 
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RS PRO panel mount continuous internal piezo buzzer  96db (45)
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Multicomp Transducer, Buzzer, Continuous
MCKPI-G2210L-3672 . (46)
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TDK Piezo Buzzer 
SD1614T5-A1 (47)

	Price
	£3.31
	£1.34
	£0.95

	Voltage
	1.5VDC to 20VDC
	3V to 30V
	5V

	Sound level
	96dB
	90dB
	85dBA

	Dimensions
	41.8 x 16mm
	
	16 x 14mm

	Frequency
	2300 Hz to 3.3 KHz
	4.2 KHz
	2.048KHz

	Current
	10mA
	15mA
	80mA


Table 7: Buzzer Alarms
The author decided to use the buzzer highlighted as well as the vibrating disk for experimentation purposes. It may be found not appropriate due to the audible noise. It is inexpensive and simple to apply.













4.6 Battery 
Table of Batteries

	Battery
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RS Pro LIR1654H
(48)
	[image: ]
Panasonic CR2032/BN
(49)

	Cost
	£9.64
	£1.93

	Type
	Non rechargeable
	Non rechargeable

	Details
	Lithium 4.2V 90mAh
	Lithium 3V 225mAh

	Dimensions
	16mm diam 3.8g
	20mm diam 2.9g


Table 8: Table of Batteries
 
The author has decided on a coin button design battery of a higher voltage, which is long lasting, easily obtainable and inexpensive.  Coin button batteries are small in size and lightweight so suitable for the wearable device. They are long lasting, resistant to vibration and shock and are commonly used in similar devices such as watches, calculators cameras and measurement devices. Due to being long lasting, inexpensive and easily obtainable, the author has decided to use non rechargeable. 










4.7 Device Fabric
Table of Fabrics
	Fabric
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LTG Pro Ankle Travel
Wallet (50)
S/M
	[image: ]
Envel Cable Management 
Neoprene fabric roll
(51)
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Ravain knee support (52)

	Cost
	£6.99
	£10.99 for 3m
	£6.99

	Details
	Ankle travel wallet
	Neoprene fabric with
velcro fastenings
	Neoprene to wrap around knee

	Comments
	Stretch, comfortable, 
velcro fastening
	Can be cut to size, 
stretchy and comfortable
	Too large for ankle and has opening on main body



Table 9: Table of Fabrics
The author has selected ankle travel wallet for the construction of the device. It is made of neoprene but is already has Velcro attached and is designed for ankle wear so would save additional work. Neoprene is waterproof, thick but not constrictive, comfortable and can be secured with Velcro fastening. The sensors can be attached to the fabric. 







4.8 Signals
HR – I2C 				1/32 secs	2 Bytes
Temp – 1 Analogue			1 sec		1 Byte
Vibration Motor – 1 Digital
Buzzer – 1 Digital



4.9 Specification of Microcontroller


2 Digital
1 analogue
1 I2C SDA
1 I2C SDO
5 Pins
+pwr +gnd

The Pic chosen after using the selection is the PIC16F1459 as it was suitable for the design. 
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Figure 10: Microcontroller Selection Part 1
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Figure 11: Microcontroller Selection Part 2
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Figure 12: Microcontroller Selection Part 3
4.10  Cost Estimate

Item							Cost £
Heart Sensor						16.02
Temperature Sensor				  1.86
Vibrating Disk					  2.00
Piezo Buzzer						  1.34
Battery						  9.64
Ankle Travel Wallet 					  6.99						 

Total 							£41.08 (incl VAT)
















4.11 Software Flow Charts

As shown below this is how the program will work for the heart rate. The first instruction will be to set the input pins. Then the heart rate will be calculated. This will be the heart rate after 60 seconds while resting. If the heart rate then increases by 40 bpm this will set output pin high, activating the vibration motor.
If the Heart Rate decreases then the output pin will go low deactivating the motor. This process will obviously repeat until the battery dies.


















Flow Chart of Heart Sensor:
[image: ]
Figure 13: Flow Chart of Heart Rate Sensor

Flow Chart of Temperature Sensor:
[image: ]
Figure 14: Flow Chart of Temperature Sensor

As shown above this is a system flowchart designed by the author for the temperature. Firstly the correct ADC channel should be set. There will be a delay of 500ms before each read of the ADC and if the temperature is greater than or equal to 37 degrees then output pin C0 will be set high, this is the pin connected to the motor. If not then the output pin will stay low and keep looping.


4.12 Proteus Design
[image: ]
Figure 15: Proteus Design for the Device

This is the Proteus design for the device. After designing the schematic and setting up the program in CCS the author decided to change PIC’s and go with the PIC18F45K50 as it was more suitable and the author was more confident using this PIC.
As shown above, the design will include a temperature sensor, a vibration motor, a buzzer and a heart rate sensor. However, for the heart rate sensor the author has used the FM24C16 EEPROM for the simulation.
As shown in the design the LM35 sensor is connected to pin 3 (RA1) which is the ADC pin chosen by the author.
The author has also used a 3.3v regulator for the heart rate sensor as the other device used power of 5V.
The motor and buzzer both consist of the same circuits using a transistor to power it. They are both connected to PWM pins. The buzzer will definitely be controlled using PWM, however the motor can be switched on or off accordingly. Again, a capacitor and diode are used for both as a clamp for protection.
The author has used 5 FM24C16 chips to simulate HR sensor. Each chip has had false data for different heart rates uploaded on to them so they can be debugged. The first one has 70 bpm, 75 bpm and 80 bpm. The second has 85, 90 and 95 bpm and so on, up to 140 bpm. This was done by first calculating the high and low byte Hex values for each heart rate. Each heart rate will have 512 samples as this is 2 bytes. This was done in Excel which made it easier as once one heart rate had been calculated,  all that had to be done was to change the heart rate and the calculation would automatically happen.. Shown below are some of the values for 70 bpm.
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Figure 16: Values for 70bpm




Once the values had been calculated, they had to be copied into Frhed which is a free hex editor.
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Figure 17: Values for the First EEPROM


These are the values for the first EEPROM which holds the values for 70, 75 and 80 bpm. From here the data can be uploaded to the device by saving it as a .bin file.
The SCL pins on all the EEPROM devices were connected to the SCL pin on the PIC and the SDA pins were connected to the SDA pin on the PIC via a 6 way switch so when simulated the user can switch between the different heart rates.

4.13 Coding
CCS
The author  designed the schematic in proteus then proceeded to the next step which  was to program the microcontroller using CCS. Firstly the author will set up project as shown below.:
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Figure 18: Internal Clock Speed

Shown above this is where the author specifies the device and internal clock speed.
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Figure 19: Analogue Pins

The author set up the analogue pins needed for the device.
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Figure 20: Setting up of 12C Port
This shows where the author set up the I2C port.
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Figure 21: Drivers in the Schematic 
This shows where the drivers used in the schematic are selected.
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Figure 22: Header Files
This is where the header files are chosen.
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Figure 23: Pin Specification

This is where the author has specified the pins used in the design 
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Figure 24: Setting up Fuses
This shows where the fuses are set up.
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Figure 25:Coding for Reading the Temperature

This is coding the author implemented for reading the temperature. A  while(true) statement has been used to keep the main function in a loop. A delay of 500ms between each read. When reading the ADC value, this can be converted to a degree by using the equation as shown above. When the temperature reads 37 or greater the motor will start vibrating by setting the output PIN C0 high. When simulated iin proteus it worked correcty.. There was no issue when building this code.
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Figure 26: Coding for Reading the Heart Rate

This is the code implemented for reading the heart rate. Firstly, an array was set up as each heart rate holds 512 bits. Variables were set up for the high byte and low byte which were read from the EEPROM. An  if statement was used so that if the addresses go over 2048 then it would go back to the beginning. If heart rate is greater than or equal to 100 the motor will start vibrating however, before this a code to calculate the HR needs to be built as shown below.
[image: ]
Figure 27: Code to Calculate the Heart Rate





This was done by using an array to find the location of the 1st and 2nd peak. Then the period which is the difference between the two peaks and finally the HR by dividing 60 secs by the period multiplied by 0.03125 which is every time the sensor takes a reading. 

loc1	Loc2	                                                        F = ( 1 / P ) = HR     =  60 / (P * 0.03125) = HR

[image: ]
           Period


Figure 28: Location Between 1st and 2nd Peak



The code built successfully, however when simulated in proteus it did not appear to work completely. Therefore the author tried debugging to see if the problem could be detected.
This was done by attaching an oscilloscope to the SDA and SCL line.
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Figure 29: Attaching Digital Oscilloscope
[image: ]
Figure 30: Data Transferring
This shows that data is being transferred between the PIC and EEPROM so it was decided to use breakpoints the try and detect the problem.
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Figure 31 Debugging Results
When debugging a few problems occurred. Even though the for loop function for reading data from the EEPROM was working,  the correct values were not being transferred. The author was not  sure why this was happening and was not able to solve the problem.
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Figure 32: Simulation Becoming Stuck
The author also came across a further problem. Each time the it was paused, the simulation became  stuck on this line. Again the author was not sure of the reason for this and could not find a solution to this problem.
Therefor the author was not able to produce a fully working simulation so more research would be needed for future progress.
4.14 Implementation
The device ideally should be discrete, comfortable and not too large so that it interferes with the wearer’s movements and actions. The choice of physiological measurement and sensors was chosen with this in mind. As mentioned in 4.7 the fabric chosen was neoprene which is stretchable and comfortable, but thick enough to protect the sensors. It was decided for the device to be worn around the ankle for the following reasons:
· More discrete
· Less likely to interfere with action and movements
· Harder to remove should wearer become irritated with it.

. The author decided not to include the piezo buzzer in the end product as it would be too loud and therefore not  discrete. In the author’s opinion the vibrating alarm would be more successful. It was activated when heart rate was significantly raised with coding on paper, but could not be tested in the trial.

The device would under different circumstances be set up and  calibrated (See 4.12) The normal values of heart rate and skin temperature were obtained from official medical sources, (54,55,56,57,58) and settings would be  based on this. See Figures 25 and 26 below for illustration of components. Unfortunately, due to the coronavirus (COVID-19) restrictions, facilities were not available to build the designed product. 
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Figure 33: Components for Device
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Figure 34: Neoprene Ankle Device



However, the testing went ahead using a dummy device and a domestic, battery operated finger tip pulse rate sensor and a domestic, battery operated digital thermometer.

In order to test the hypothesis of physiological symptoms changing during emotion/stress/anger, partly simulated testing periods of 7 hours from 9.30am to 4.30pm by two different family volunteers were carried out on two different days. The volunteers self tested at 15minute intervals using the fingertip heart rate sensor, and a probe temperature sensor strapped to the leg. A ‘dummy’ device of the neoprene ankle (travel wallet)  resembling the original idea was placed on their ankle. (See Figure 26) Procedures and rules concerning Corona virus Covid 19 were strictly adhered to during these processes.

 The day diary self-reporting form listing events of the day in diary notes, was used by both wearers (see App 5).  In the morning at 10.30am Wearer 1 sang a chosen pop song into a karaoke machine while appearing live on smart phone  Whats App . In the afternoon at 1.30pm Wearer 1 gave a five minute talk about themselves while appearing live on smart phone What’s App. These simulations were repeated with Wearer 2. The two wearers went about their daily routine as best as possible and did not leave the house or garden. Since lockdown restrictions were currently in place this was considered normal behaviour.

The results of this test are detailed in the following chapter, (5.1). 
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Figure 35: Fingertip Pulse Rate Monitor used in Test (Shenzen Intelligence Co Ltd Oximeter)
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Figure 36: Digital Thermometer used in Test (Baby Mad Basal Thermometer)
Chapter 5: Evaluation

5.1 Results of Simulated Testing Trial

The wearable device itself was not built due to restrictions caused by coronavirus (COVID-19), so could not itself be used in the testing trial. In order to complete the exercise, alternative measuring methods were used in the testing trial to ‘mirror’ the device. (See 3.11 and 4.14)

The following results were obtained. 

It can be seen in both wearers 1 and 2 that there were fluctuations in the heart rate bpm and skin temperature °Celsius measurements. The heart rate and skin temperature changes occurred at approximately the same time, the skin  temperature increasing shortly after the heart rate increase. Both remained increased for a short period together. The heart rate then decreased  and the skin temperature decreased shortly after.  At times in between, both measurements remained more or less the same. It would appear then  that the changes in the heart rate happen slightly before  the changes in skin temperature level. (See Tables 10 &11, Figures 37 &38, p63-66).

Also in Wearer 2 only, additional increases  in both heart rate and skin temperature occurred, at approximately the same time on two additional occasions compared to Wearer 1.. Again, both measurements increased, with the heart rate rise slightly ahead of the skin temperature rise. The skin temperature decrease was slightly after the heart rate decrease (See Table 11, p65 Figure 38 p66)

Table of Results from Simulated Testing Period Wearer 1[image: ]

Table 10: Results from Simulated Testing Period Wearer 1






Graph of Simulated Testing Period Wearer 1
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Figure 37: Graph of Simulated Testing Period Wearer 1












Table of Results from Simulated Testing Period Wearer 2
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Table 11: Results from Simulated Testing Period Wearer 2









Graph of Simulated Testing Period Wearer 2






















Figure 38: Graph of Simulated Testing Period Wearer 





The self-reporting day diary form was studied in order to find possible causes relating to the changes in measurement results. All events had a clock time noted and all measurements had a clock time noted . It was found that  the simulated karaoke singing, and the ‘talk about myself’ sessions,  matched the times of the significant rise in heart rate and slight rise in skin temperature occurred in both Wearer 1 and Wearer 2.  (See App 5) 

Also two other events occurred with Wearer 2 which also produced a raise in heart rate and skin temperature. One was a telephone conversation with a ‘cold caller concerning a supposed hacking into a laptop, which was  a scam. The second event was the discovery of family dog missing from garden. . When the day diary self reporting form was studied, two external naturally  occurring stressful events were noted, which matched the times of the additional increases. (See App 5 Wearer 2) 

It can therefore be concluded that the heart rate and skin temperature level increased during stressful emotional events which could include anger, in these two trials. As earlier mentioned, stress has the same physiological effect as anger. 

All previous similar studies included in the literature review resulted in increase in heart rate.(13,20,21,22,25,27,29). Therefore it was an expected result that the heart rate would increase in this project. 

In previous similar studies though, there were mixed results in the direction of change in skin temperature in response to stress emotion including anger. It was already mentioned in the research stage that some previous studies had results concluding the temperature decreased during stress and anger, (,19, 20,21) and only one study  concluding that the skin temperature increased during stress and anger. (13,). There was one study that said  the skin temperature “changes” but did not specify further. (17). One health article on the effects of anger on a person stated that the temperature rose. (18). The authors of the studies where the temperature decreased explained that the reason for this was that the ANS hormones constricted the capillaries close to the skin, and increased the blood supply to the centre inner part of the body,  as part of the fight or flight process, so therefore the skin temperature would decrease as it was the amount of blood in the capillaries that influenced  the temperature result. However the authors of the study where the skin temperature rose explained that the increase in heart rate raised the metabolism and therefore increased body heat and skin temperature. The author suggests that it may be possible that the skin temperature rises initially as the emotion is first experienced, then, the constriction of capillaries follows. However in this project, there was no dip in the skin temperature directly following the rise. The skin temperature returned to the normal level.

Therefore, a change in the skin temperature in this project trial was expected, but it was not expected for this change to be an increase. 

It can be concluded from these two trials that the changes in the heart rate and the skin temperature happen together, although the heart rate slightly ahead of the skin temperature. The heart rate did not increase alone and the skin temperature did not increase alone. Tthe reaction of the heart rate to the stimulus is faster than the reaction of the skin temperature. This ‘pattern’ repeated itself at each time changes occurred. No other ‘pattern’ of change was noted. 

In previous studies where two or more physiological symptoms were measured it was also concluded that the physiological measurements chosen  also changed together. (13). Therefore it was an expected result that the heart rate and skin temperature changed together, but unexpected that the heart rate rose slightly earlier than the skin temperature.


5.2 Challenges

There were three challenges encountered. The first was identifying and eliminating other causes for these measurement changes. The heart rate and skin temperature can be affected by other causes. The day diary self-reporting form was necessary for this purpose. From the information supplied , all significant changes in measurements could be related to a cause.  The self-reporting form was essential for the trial. 

Sano and Picard (27)  and Jha et al (13) both included supportive self-reports to compare with the sensor readings. Healey and Picard (25), included supportive video recordings. Xin and Wu (22) had only the sensor readings. The author has concluded that in the monitoring for anger case of daily living scenarios self-reporting in the form of a diary recording events, would be a necessity to relate to any changes in sensor readings. Also, to identify uncontrollable causes such as physical activity and other positive emotion. 
In non-trial circumstances for example, if the wearer was undertaking physical exercise, the device could be removed beforehand and replaced afterwards. Or, if the alarm sounded the wearer would realise it was not due to anger and merely disable or ignore the alarm. The only other method of identification for an observed trial would be a video in the household, which the wearer may not be comfortable with due to privacy issues. Therefore the author decided the self reporting day diary met this challenge.

The author considered the idea of adding an accelerometer to the device which would sense physical activity and could be programmed to block the alarm mechanism in that situation. Two previous studies added this sensor to their project device (13, 27). This would be considered in future work.

Unfortunately, other measurements such as skin conductivity and electrical brain activity would have given a more accurate result with less need, if any, to identify other causes. This is because  these measurement choices  are mostly affected by emotion only. However, to measure these symptoms would not be practical and cannot be done with a portable wearable device. In previous studies it was agreed that there are advantages and disadvantages with all physiological measurements. (14).

The second challenge was designing a wearable device that was discrete and comfortable. Xin and Wu, (22), Jha et al, (13), Salai et al, (28), Pantelopoulos and Bourbakis,  (26), and Salafi and Kah (20),  all shared an aim to design a wearable device that was unobtrusive, inconspicuous and discrete. The author understands the reasons for this requirement but now recognises the difficulties associated with this. In this project however, it has not been possible to build the actual device so that aim was not totally tried out or achieved. It had been decided to place the device on the ankle, but this decision may have had a disadvantage as the constant movement and walking or rubbing caused stimulation to the heart rate sensor which must therefore be sensitive to movement. Can et al (17) stated that this may be a problem. According to the feedback the ‘dummy’ device slipped down slightly and wearers were aware of it several times. Therefore it may have been better to place a device on the wrist., or around the chest even. 
The heart rate and temperature measurements were chosen with the design of the wearable device in mind.   This was due to the sensors being small and methods involved were simple and uncomplicated. However, the sensors chosen are sensitive to placement. (17,19,21). Results may have been affected by the placement of the sensors. It was noted in previous studies that sensor  placement  is of high importance. Salafi and Kah (20), Healey and Picard, (25), Can et al (17), mention skin electrodes falling off,. Can et al (17), mention placing of the PPG sensor as a challenge. Vinkers et al, (19) and Yamakoshii et al  (21) mention the placement of thermistor will affect the temperature recording. In the author’s opinion the choice of physiological symptom and the choice of sensor has a lot of influence on the success of the project. Due to the variety of  types of sensors involved,  the choice of symptoms to be measured will need to be carefully considered to fulfil the criteria of the requirements of the wearable device for this project.

Other studies in the literature review resulted in the same conclusion in that the device could not be made ‘wearer friendly’. The objective of producing a successful wearable portable device was not  achieved due to unavoidable circumstances, but was mirrored as best as possible. This was not the expected result for this project.

The third challenge was attempting to simulate anger in particular  during the trial within a domestic environment, (as opposed to laboratory setting). Wearer 2 experienced an incident of slight anger from the ‘cold caller’. (See App 5). The other wearer did not experience any anger. It was difficult to simulate anger, but it was possible to simulate emotion in the form of stress by the karaoke singing and 5 minute presentation. It has been mentioned earlier in this project that stress produces the same physiological symptoms as anger. (15). 


5.3 Outcome

The objective of research into whether anger was a current problem that needed addressing showed that it was increasing and causing domestic violence probably due to lockdown restrictions. The objective of research to ascertain if anger caused physical symptoms and whether they could be detected by sensors showed that it did and the symptoms could be measured. The objective of research into previous studies on similar projects was achieved and was extremely useful in the planning of this one regarding data and challenges. 
The objective of designing a wearable portable device to measure chosen symptoms was achieved but the building of the device was not possible due to current restrictions. The objective of testing the hypothesis of emotion causing physical symptoms that could be measured was achieved by using alternative methods to mirror the project device and evidence recorded of the trials. This was very encouraging.

The idea of the device would without question lesson risk to health as the alert/alarm would have a greater chance of stopping the anger. This being so, it would also lessen the risk of safety issues, for example, driving accidents, domestic violence and abuse to children. In the literature review it was noted that anger can become a problem if not controlled (1) and can lead to verbal or physical abuse, domestic violence  and self-harm, (1,3,4,5,8). Also that anger can have a detrimental effect on health. (5,10,11,17). To address the issue of anger and improve it by bringing about awareness and better management in the early stages, would therefore lessen the chance of abuse and harm of self or others occurring. It would also lessen the potential deterioration of health,(12). Salafi and Kah (20), Xin and Wu, (22), Sano and Picard, (27), Jha et al (13) and Can et al (17) all shared a concern about the health risk of anger and stress and an aim to make people aware of this by detecting the related physiological symptoms. In the author’s opinion, the feasibility of the device has been supported by the above points.
Xin and Wu (22) and Jha et al (13), Healey and Picard, (25) and Yamokoshi et al (21),  all shared an aim of alerting the wearer of the device when symptoms occurred. The author has concluded that alerting the wearer would be of benefit to improve management and lessen risk to health. The wearers in the trial gave verbal feedback that the idea of vibration would not be intrusive and would be helpful in bringing an awareness . This result was expected in this project. 

Even though the wearable device could not be completed, the results of the testing trial, showing that physiological measurements do change with emotion are encouraging and indicate that is would be worthwhile to continue research to find a method of producing a suitable wearable portable device.
Chapter 6: Conclusion and Recommendations

It has been concluded that anger does manifest in physiological symptoms that can be measured. The two measurements chosen were heart rate and skin temperature. Although these symptoms are not the most accurate as they are affected by other causes, they were suitable as the sensors were small and more suitable for a wearable device. Significant changes in the measurements occurred during the trial testing sessions which related time wise  to recorded events involving stressful emotion. The objective of ascertaining if emotion and stress can be detected by changes in physical measurements was achieved.

However it was not possible to detect a reaction to anger in particular as anger was only experienced once in one of the wearers. Although a rise in temperature and heart rate was noted, it would not be accepted as a definite conclusion in only two trials.

A wearable device was designed and an attempt made to implement it. Unfortunately due to coronavirus (COVID-19) restrictions, it was not possible to build the designed  device. There were several challenges during the design process such as making the device discrete, comfortable and not affecting the actions and movements of the user.  There would possibly be problems fixing the sensors to the device without damage. Also the sensors can be sensitive to movement and friction and may have not withstood the movements therefore, results may have been affected. Also, ideally the device should be smaller. The trial users reported that they were aware of the ‘dummy’ device some of the time and it was not comfortable.  For these reasons the author considered  that the outcome of the wearable device would not have been ideal. Regardless of this, the objective of producing a wearable device could not be achieved. 

One challenge was to differentiate between anger and other emotional causes, (excitement and shock or happiness) and physical activity. The measurement of skin conductivity would be the most accurate as it is affected mainly by stress alone, but the measurement method is not practical.
An accelerometer could be added to the device which would be set to stop the alarm being activated when physical exercise was undertaken. In the case of the other emotions, the user would obviously realise why the alert was activated and ignore it in this situation.

It was concluded that the concept of wearing a device that would detect anger by detecting physiological symptoms and raising and alerting the wearer when symptoms significantly changed was feasible and would be of benefit. The wearer would become aware of the build-up of anger and attempt to calm themselves. Also they would become more aware of the triggers. However, the wearable device to measure these changes was not achieved.

Recommendations:
The device may be better worn on the wrist or around the chest. The heart rate sensor would possibly be sensitive to movement around the ankle. Also the skin temperature on the truncal area is slightly higher and it is possible it would rise more significantly than the peripheral areas. Research studies state that the truncal skin temperature does not change in response to emotion, (19,21), but the author would be interested to test this theory nevertheless.

In order to ascertain the benefit of being made aware of a wearer being made aware of anger building up, wider trials would have to be carried out with feedback. Also due to the restrictions of Corona  (COVID 19)  this had a restrictive effect on the building and testing of the device. A greater number of different wearers could have been tested with simulations and a greater collection of results could have been obtained. Also a survey could have been carried out beforehand to gain opinions on the prospective device as to where to wear it for example. This could have had an influence on the final design.

Further research could be carried out on the possibility of skin conductivity being measured in a practical way.

Further research could be carried out to investigate the progress of smart technology devices which would detect physiological symptoms related to anger. This would enable the devices to be smaller and more discrete and a signal sent to a mobile smart phone. The results of this project point to this solution being preferable.
Finally, the positive results of the testing trial showing the successful detection of emotion and stress with changes in measurements does indicate that further research and work in this area would be worthwhile and beneficial.


























Chapter 7: Reflection
At the time of making a decision on a subject for the independent project the whole country was in the process of lockdown due to coronavirus Covid 19 and many restrictions were in place. I had noticed the problems lockdown was having with anger resulting in domestic violence and was reflecting on a way of making people aware of anger and the affects it can have.  I did not realise at this time how it can affect health and can cause abuse and domestic violence. 

I found it fascinating that an emotion can manifest physically. I presumed it was just body language and signs like raising voice, shouting, waving arms and slamming doors for example. I felt the idea of finding a method to detect anger and make the person aware would help them to manage their anger more efficiently.

During this project I have realised how much preparation is needed in designing a product and how important all the stages are. I have discovered how useful carrying out the research was, although tedious at some times and interesting at other times. I now realise how important it is in the planning and progress of any project. The results of the research guided me on what to focus on, what problems could come up and what had already been done. The results of previous  studies was necessary in order to compare with the results of my own project. 

I found the coding especially difficult and hard work but extremely rewarding. I was new to this subject which at first was daunting but with support and patience, I achieved what I wanted.

I gained knowledge and experience putting this project together not only academically, but in presentation as well. I particularly enjoyed the two viva’s and the PowerPoint presentations including both the preparation and the presentation of it. This surprised me as up until this project I had not been particularly confident with presentations. Therefore I felt I had progressed in this area and my self confidence had improved.

I realised how important and necessary the Gantt Chart was in the planning of tasks and timekeeping. Although the chart compilation was not easy, as with everything, the more I did it the easier it became. It was definitely helpful to keep on track as the project was a large and complicated job.

I consider the idea of detecting anger and alerting people is beneficial and positive, and my experiment, although small, proved that emotion including anger, manifests physiologically. However, the production of the wearable device did not meet my initial expectation. 

Overall, I have no regrets as I have learned so much from the process and gained knowledge and experience that is invaluable.
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Appendix 1
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Appendix 2
Measuring Equipment

Electrocardiogram Machine
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From: https://www.verywellhealth.com/the-electrocardiogram-ecg-1745304


Optical Sensors for Heart Rate
[image: ]


PPG sensors use four primary technical components to measure heart rate:
1. Optical emitter – generally made up of at least 2 LED’s that send light waves into the skin. Because of the wide differences in skin tone, thickness, and morphology associated with a diversity of consumers, most state-of-the-art OHRM’s use multiple light wavelengths that interact differently with different levels of skin and tissue.
2. Digital Signal Processor (DSP) – the DSP captures the light refracted from the user of the device and translates those signals into one’s and zero’s that can be calculated into meaningful heart rate data.
3. Accelerometer – the accelerometer measures motion and is used in combination with the DSP signal as inputs into PPG algorithms.
4. Algorithms – the algorithms process the signals from the DSP and the accelerometer into motion-tolerant heart rate data, but can also calculate additional biometrics such as  VO2, calories burned, R-R interval, heart rate variability, blood metabolite concentrations, blood oxygen levels, and even blood pressure.
[image: ]
From:    1. https://valencell.com/blog/optical-heart-rate-monitoring-what-you-need-to-know/
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Sphygmomanometer
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Seca B10 
From https://www.pandamed.co.uk/product/seca-b10-manual-sphyg/
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Infra-red on forehead non-contact Armo Line
From https://medimport.co.uk/products/infrared-forehead-thermometer








Mercurial Thermometer
[image: ]
From https://www.mcgill.ca/oss/article/covid-19-health-general-science/your-forehead-good-enough-fever-check

EEG Brain Test
[image: ]

From: https://imotions.com/blog/eeg-headset-prices/

EMG 
[image: ]
From: https://www.adafruit.com/product/2699
Muscle sensor model 2699



Skin Conduction Electrodes
[image: ]
From:  https://www.biopac.com/?app-advanced-feature=neuromarketing-skin-conductance-response-eda



To Monitor Pupil movements and Dilation
[image: ]
Tobii Eye Tracker 5 

From:      8. https://gaming.tobii.com/product/eye-tracker-5/
Appendix 3
Examples of Stress Induction Tests

[bookmark: screen-reader-main-title4]
Stress induction tests
In order to investigate stress in laboratory environments, subjects are asked to perform certain tasks in order to induce stress. In this section, the most prominent tests applied in the laboratory conditions will be briefly described.
Trier Social Stress Test (TSST)
[bookmark: bb0150]The most common stress induction test is the TSST. The procedure of TSST is as follows. The total period of the test is fifteen minutes [30]. It is divided into three phases. During the test, saliva and blood are collected and the heart rate data is recorded. The test takes place in a room with a video camera, microphone and three judges. Judges are prepared and trained for controlling their expressions as neutral. In the first phase, the subject is asked to prepare a presentation that has five-minute duration. The subject has a paper and pen to prepare the presentation. After the first phase, the paper is suddenly pulled back from the participant. In most versions of TSST, the subject is told that the presentation is for a job interview. In the second phase, the user is asked to present the prepared material. Judges listen to the presentation without any intervention. If the participant finishes the presentation before five minutes, they ask him or her to continue. The last phase is a mental arithmetic task in front of the judges. The subject is asked to count backwards from 1022 in steps of 13 [30]. If the participant makes a mistake, he/she is asked to begin from the start. After the last five-minute mental arithmetic task, recovery period starts. The collection of samples and signals continues until the end of the recovery period. At the end of the test, the user is briefed about the aim of the test.
Stroop color-word inference test
[bookmark: bb0160][bookmark: bb0165][bookmark: bf0005]The Stroop Color-Word Test (SCWT; Stroop, 1935) is one of the oldest and most widely applied stress induction tests [32]. By changing the number of subtasks, type and number of stimuli, times for the task or scoring procedures, different variations of the test were created [33]. In the standard version of the test, a subject is asked to read the name of the color words. This subtask is called “word reading”. The second subtask is naming the colour of ink. The last subtask is to name the colour of the word that is come up at the screen. An example of SCWT test is shown in Fig. 1.
[image: https://ars.els-cdn.com/content/image/1-s2.0-S1532046419300577-gr1.jpg]
[bookmark: bb0155]Fig. 1. SCWT Test Example [31].
International Affective Picture System (IAPS) test
[bookmark: bb0185][bookmark: bb0190][bookmark: bb0195]The IAPS is an image database created for providing a standardized set of images for emotion and attention research [37]. It has been commonly applied in psychological studies [38]. The IAPS was created by the National Institute of Mental Health Centre for Emotion and Attention at the University of Florida [39]. It consists of pictures varying from simple household objects to extreme pictures which cause arousal on individuals (mutilated corpses, erotic and violent scenes). Stress induction by showing a series of pictures from the IAPS is another test that is widely applied among the literature.

Source: 
Taken from:  Can et al, Article Title: Stress Detection in Daily Life Scenarios Using Smart Phones and Wearable Sensors, posted 27.2.19 found online at https://www.sciencedirect.com/science/article/pii/S1532046419300577








Appendix 4 
Day Diary
The purpose of this form is to record events of the day that may have brought about a change in the symptoms that are being measured. This would include for example, physical exertion of any sort, and anything emotional such as a surprise, shock, excitement, upset or anger. You need not go into details about the event, just what emotion you felt. Please note the time  if you drink hot beverages or alcohol.
Also, please note the time if the alert should be activated.
Thank you for taking part in this experiment.
	ID Initials or Number
	

	Start time:

Time















Feedback
Continue overleaf if necessary
	Record of Events, Emotions
Physical Activity



Appendix 5
Self Reporting Wearer Forms from Trial
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Appendix 6
Coding
#include <main.h>


#include <math.h>
#include <stddef.h>
#include <stdlib.h>
#include <stdio.h>

#define EEPROM_SDA 	PIN_B0
#define EEPROM_SCL 	PIN_B1
#use i2c(Master,fast=100000,sda=PIN_B0,scl=PIN_B1,NOINIT)
// #use i2c(master, sda=EEPROM_SDA, scl=EEPROM_SCL)


#ifndef EEPROM_SDA

#define EEPROM_SDA  PIN_B0
#define EEPROM_SCL  PIN_B1
#define MOTOR PIN_C0

#endif


#use i2c(master,slow, sda=EEPROM_SDA, scl=EEPROM_SCL)

#define EEPROM_ADDRESS unsigned int16
#define EEPROM_SIZE    1024
long HRarray[512];



void init_ext_eeprom() {
   output_float(EEPROM_SCL);
   output_float(EEPROM_SDA);
}

int8 ext_eeprom_ready() {
   int1 ack;
   i2c_start();            // If the write command is acknowledged,
   ack = i2c_write(0xa0);  // then the device is ready.
   i2c_stop();
   return !ack;
}

void write_ext_eeprom(EEPROM_ADDRESS address, BYTE data) {
   while(!ext_eeprom_ready());
   i2c_start();
   i2c_write((0xa0|(BYTE)(address>>7))&0xfe);
   i2c_write(address);
   i2c_write(data);
   i2c_stop();
}


BYTE read_ext_eeprom(EEPROM_ADDRESS address) {
   BYTE data;

   while(!ext_eeprom_ready());
   i2c_start();
   i2c_write((0xa0|(BYTE)(address>>7))&0xfe);
   i2c_write(address);
   i2c_start();
   i2c_write((0xa0|(BYTE)(address>>7))|1);
   data=i2c_read(0);
   i2c_stop();
   return(data);
}

 long CalcHR()
{
      long max;
      long loc1;
      long loc2;
      long period;
      long HR;
      long i;
      
      
   
   max = HRarray[0]; // Variable for maximum amplitude
   loc1 = 0;	      // Variable for location of 1st peak
   loc2 = 0;              // Variable for location of 2nd peak
   
   for(i=0; i<512; i++)
   { // find first peak in data
      if (HRarray[i] > max)
      {
	 max = HRarray[i];
	 loc1 = i;
      }
   }
   
   max = 0;
   for(i=loc1+1; i<512; i++)
   {//find second peak in data
      if (HRarray[i] > max)
      {
	 max = HRarray[i];
	 loc2 = i;
      }
   }
   
   period = loc2 - loc1;
   HR = (byte)(   (float)60 / ((float)period * (float)0.03125));
   return HR;
 }





main ()
 
{
   setup_adc_ports(sAN1);
   setup_adc(ADC_CLOCK_INTERNAL|ADC_TAD_MUL_0);
   init_ext_eeprom();
   set_adc_channel(1);
   float temp;
   unsigned int8 heartrate;
   unsigned long adc;
   long HRDataHigh;
   long HRDataLow;
   long HRData;
   long addr;
   long i;
   long HR;
   
   
   
   
         
       
    

       
   
     while(TRUE)

   {
      
     
      
       delay_ms (500);
      temp = read_adc() * 0.489;      // Read analog voltage and convert it to degree (0.489 = 500/1023)
     if (temp >= 37)
       output_high (motor);          // turn vibration motor on
       else
         output_low (motor);         // turn vibration motor off
      
      
      

      // Read data from EEPROM / HR sensor
       for(i=0; i<512; i++)
       {
	  HRDataHigh = read_ext_eeprom(addr);
	  HRDataLow = read_ext_eeprom(addr+1);
	  HRData = (HRDataHigh*256)+HRDatalow;
	  if(addr<=2048)
	     addr = addr+2;
	  else
	    addr = 0;
	  HRArray[i]=HRData;
       }  
	 HR=CalcHR();
       
       if (HR >= 100)
	  output_high (motor);
       else
	 output_low (motor);
	  
      
       

    }
    
   
   


    
    

   
   
   
      
 
   }   
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