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Abstract

Emotions play a vital role in people’s everyday life. It is a mental state that does not
arise through free will and is often accompanied by physiological changes. Therefore
monitoring these changes is important as they are perceptions of emotional changes
and can help in identifying matters of concern at an early stage before they become
serious. Emotion recognition has become an important subject when it comes to
human-machine interaction. Various methods have been used in the past to detect
and evaluate human emotions. The most commonly used techniques include the use
of textual information, facial expressions, speech, body gestures and physiological
signals. In this project we have developed an emotion recognition system based on
information provided by the physiological signals. These signals are obtained from a
skin temperature sensor, a heart rate sensor, and a skin conductance sensor. The
amplified and filtered signals from the sensors are input into the microcontroller
where all the processing takes place. The microcontroller wirelessly transmits data to
a computer where it is stored for data analyses and feature extraction for emotion
recognition. The four basic emotions observed in this project are happy (excited),
sad, angry and neutral (relaxed). The data has been collected from healthy
individuals, including both male and female, with ages ranging from 18 to 72 years.
K-means clustering algorithm has been used to cluster data into four groups
(emotions). A graphical user interface (GUI) has been designed to communicate with
the hardware as well as display real-time emotion(s) for the monitored period. The

developed system has shown an overall emotion recognition rate of 86.25%.



Acknowledgements

First of all | would like to thank God for giving me the courage and strength to carry
out my research. | am deeply indebted to Professor Subhas Mukhopadhyay for his
continuous support, encouragement, valuable advice, technical help and supervision

of my project. Without his help | wouldn’t have achieved what | have achieved now.

| would like to acknowledge the help of Mr Ken Mercer, Mr Colin Plaw, Bruce Collins
and Anthony Wade regarding technical matters and their invaluable advice to
improve experimental works at the laboratory. | would also like to thank Clive
Bardell for helping me build the heart rate sensor casing and Mike Lusby for IT
support and advice. | would like to acknowledge the effort of Michelle Wagner who

was responsible for the paper work throughout the course of project.

| would like to thank Mr. Nagender Suryadevara, PhD student, for his help with GUI
development. | would also like to thank Mohd Amri, Mohd Syaifudin, and Anuroop
Gaddam, PhD students, whom | turned to for quick technical advice. | also want to
acknowledge the effort of all the individuals who participated in data collection for
emotion evaluation and recognition. Special thanks to family and friends who were

there for me and supported me where ever and whenever they could.

Finally I would like to thank my parents for their unconditional love and support.

Thank you for all the sacrifices you have made to give me a better chance in life.



Contents

Y <] 1 T o i
ACKNOWIEAZEMENTS...c..cieeiiiieiitiieieeierteneereeneeteeerenseereaseerensessnssesensessensesssnsesensases ii
000 T =1 3 £ iii
LiSt Of FIGUIES cceuvuiiiiiniiiiiiiiiiiiiineiiniieniinresassnnnesssssissssssssneanssssssenssssssennsssssssnnsssns v
0 0 T 133 e T [¥ Tt T o N 1
2.0 Literature ReVIEW......cciceeuiiiiiimeniiiiiiieiiiiiniiiniieiiiniesaessssssasessesssssssessssens 2
2.1 Emotion Recognition USING TeXt ...cceeeiiiiiiiiiiiiiiie et e e e 4
2.2 Emotion Recognition Using Facial EXPressions.........ccccceevvvvveeereeeeniccinveeeneeens 6
2.3 Emotion Recognition USING SPEECN ....ueeeiiiiiiiirreieiiee ettt 8
2.4  Emotion Recognition Using Body Movements and Gesture..........ccccceeeuuneee. 10
2.5 Emotion Recognition Using Physiological Signals.........cccoeeveeiiviiieiiniiienennns 11
3.0  Project OVeIrVIEW.....cccoireuiiiueiiieniiineiiinniiieeiiisssissssisesismassisssssrsssssssssssens 15
4.0 Heart Rate: .....cccoirimiiiiiiiiiiiiiiiiitiintir s e e ss e sa e nes 17
4.1 INErOdUCTION...couiiiiiiiciieeec e e 17
4.2  Heart Rate Measurement ......ccccciviviiiiiiiiiiiiciniiicc e 19
4.2.1 Heart rate measurement using accelerometer/pressure sensors ........ 20
4.2.2 Heart rate measurement using sound/acoustic Sensors.........ccccueeeenne. 21
4.2.3 Heart rate measurement using light:........cccceviviiiiiiininni e 22

4.3 Heart Rate SENSON ...cccoiiiiiiiiiiiiieii e 23
4.4  Heart rate (BPM) Calculation ........coooouiiiieeiiiieiicieee ettt e 29
5.0  SKiN TemMPEratUre....ccceieeeeeienerennereenereenerraneereaseeessssrenssessssesssssessssssssnssses 32
5.1 INtrodUCHION.....ciiiiiiiiiicee e 32
5.2  Temperature MeasurEmMeNt... ..o i i e eiiiiiiiieee et e e e ee et e e e e e e e eeeaaaaas 33
o T = 0 o] o =T =} (O =B =] o Ko | PN 35
5.4  Temperature Calculation......coocueeiiiiiiiiiiiiiee e 39



6.0

6.1

6.2

6.3

6.4

7.0

7.1

7.2

7.3

7.4

7.5

7.6

8.0

8.1

9.0

10.0

11.0

12.0

13.0

0 LT T 0001 1 o L1t =] 4 ol =1 41

INEFOAUCTION. ...ciiiiiiiiiie e s 41
Skin Conductance MeasuremMeNt ........coovveeeiiieeniieiniie e 42
Skin Conductance RESPONSE SENSOI.......uuiiircuiiieiiriiieeeriiieeeeriireeeesieeeeeseees 43
Skin Conductance Calculation ..........cueoiiiiiiiiiiiieceecee e 47
COMMUNICALION.....ciiieiiiiiiiiiiiiri s s ss e s s e s sasseseees 48
Microcontroller (C8051F020)......cuuiieiiiiiiirrreeeeeeeiiitrreeeeeeeeeieirrrereeeeeeessnseeens 48
Serial CoMMUNICAION ..eoveiriiieiierieeeee e e 49
ZigBee Wireless COMmMmMUNICAtION ...cuvveveeeieiiiiiiiiirieeee et eesirrreee e e e 51
X-CTU XBee Modules Configuration .......ccccecuveeeiiiieeeiiiiieee e 54
ANalogue SigNal ProCESSING . ....cuiiiiiiiiiiiiiiee et eeee et ee e 58
Graphical User Interface (GUI) .......oeeeeeciieeieceeee et 58
Results and DiSCUSSION ....cceuuuueuiiiiiiiiiimiuniiiiiiiiinrrnressssss e ssssaassssnens 62
Key findings and 0bServations ........cccccvvvveeiiiiiiiiciiiieeeec e 73
L0001y Vol 11 ' S 76
FUtUre DevelopPmENt ......civeuiieeniiteeerteeieteeniereaneerenserenssereaseessssesenssessassesenns 78
2 =] = =T Lo =L 79
PUblications .....cceuueeiiiiiiiiiiiiccin e 89
APPENAICES ...ivvveniiiiinniiiiiieniiiiiieiiitieniitirrnsitirensssstiemsssssitessssssssenssssssaes 90



List of Figures

Figure 3.1: Block diagram of the developed SyStem. .......cccccceeveviciveeeeieeeeeiiirrreeeeeeen, 15
Figure 4.1: Anatomy of human heart [53]. ... 17
Figure 4.2: Heartbeat signals produced by the heart [55]. ......ccovvevivverieiiieriinrreeeneen, 18
Figure 4.3: Infrared LED (OP180) and phototransistor (SDP8406)..........cc.cccceeureeennnes 25
Figure 4.4: Schematic of the heart rate sensor ......ccccocvveeivciieiiinciee e, 25
Figure 4.5: PPG signal detected at the photo transistor. .......ccccoeevvvveeiiiiieincinvieeeneeen. 26
Figure 4.6: PPG signal (bottom) and converted digital signal (top). ......cccecveevrveeennnen. 26
Figure 4.7: Casing 3D model in SOlIAWOIKS ......coiiiiiiiiciiieiiic e 27
Figure 4.8: Position of IR LED and photodiode.........ccceccuiiiiiiiiiiiiniiieecrieee e 27
Figure 4.9: Heart rate SENSOr CASING.S «.oeeeeieieieieiiiiieeeeiecesriesee e s aasnaaaaannnees 28
Figure 4.10: Heart rate SENSOr COMPATISON .....uuiiiiieiiiiiiiiiteeeeeeesiiieeeeeeeeseseiirreeeeeeeens 29
Figure 4.11: BPM measurement t€CANIQUE.......eiiiieiiieiirieeiee e eeirrreee e e 30
Figure 5.1: Pin configuration of DS600. ...........ccevriuiieiiiiiieeeriiee e e 35
Figure 5.2: Output voltage characteristic of DS600 [86]. .......ccceevvvrireiriireeeinireeeeene 36
Figure 5.3: Temperature sensor circuit design in Altium Designer.......cccccccceeeuvvveeen.. 36
Figure 5.4: PCB design of temperature sensor in Altium designer ........ccccccevvvveeeennnns 37
Figure 5.5: Printed circuit board of temperature Sensor ..........ccccevevvveereeeeeeiccinvennnnn. 37
Figure 5.6: Temperature sensor comparison at room temperature...........ccoeeuvvueeenn. 38
Figure 5.7: Temperature sensor comparison at body temperature. ........cccccovvveeee.... 38
Figure 5.8: Skin temperature sensor placement on the system. ......cccccceeevviveeeennnen. 39
Figure 6.1: SKin ANGtOmMY [92] .ccocirrieiiiei ettt e e e e ebrrrereeeeeeas 41
Figure 6.2: Initial circuit diagram for SCR SENSOF........cccviiiiriuiiie e 44
Figure 6.3: Final circuit diagram Of SCR SENSOF .......ccooevrrrveriieeieiiirrreee e eeccirrreee e 44
Figure 6.4: Position of electrodes on the surface........cccccceveiieiieciiieeeeei e 45
Figure 6.5: Skin conductance response of a subject in a relaxed state............cceeenn. 46
Figure 6.6: Skin conductance response of a subject in a happy (excited) state.......... 47
Figure 7.1: Block diagram of C8051F020 [96].......c.cutevriiiieiiriiieeirieeeeerieeeeesiveee e e 49
Figure 7.2: Asynchronous serial data format [97] ....ccovvveeeieiiiiiciiiieeeee e 50
Figure 7.3: UARTO mode 1 timing diagram [97] .....coevvviieeiiiiiiieiriiee e 50



Figure 7.4: XBee series 2 module dimensions and pin assignment [99] ..........ccueee..... 53
Figure 7.5: Front panel of X-CTU SOftWare. ......cccccveviiiiiiieiriieciree e 54
Figure 7.6: Response message of a successful Com test......ccccccevvvrrrreeeeeeeeiecinreeennnen. 55

Figure 7.7: XBee module configuration menu for coordinator (left) and router (right).

...................................................................................................................................... 56
Figure 7.8: Coordinator (left) and router (right) terminal windows. .......ccccccvvveeeee.... 56
Figure 7.9: XBee router/end device transmitting data..........cccceevveevieevieccieeseecieene, 57
Figure 7.10: XBee coordinator receiving data........cccceeeeeeeeee e, 57
Figure 7.11: Front panel of LabVieW. ...t 59
Figure 7.12: Front panel of the designed software. .......ccccceeeevieiiiiveeeeicciieicreeeeeeeenn 60
Figure 7.13: Graphical display of all four emotions..........cccoevuviiiiniieeiniiieeeieee e 60
Figure 7.14: Sensor signal graph along with the non-graphical real-time data........... 61

Figure 7.15: Front panel along with non-graphical window displaying real time data

...................................................................................................................................... 61
Figure 8.1: Final design of the actual system (left) and 3D model (right)................... 62
Figure 8.2: Data monitoring of an elderly while watching television. .......cc.ccccceen.... 63
Figure 8.3: Heart rate observed for subjects in happy (excited), sad, neutral and
ANEIY STATES. e e et e e e e e e e 64
Figure 8.4: First derivative test of heart rate signal observed for subjects in neutral
(relaxed), happy (excited), sad, and angry states. .......ccccceeecreeeeeciiieeeeceee e 65

Figure 8.5: Skin conductance response (SCR) of subjects in neutral, happy (excited),
SAA AN ANEIY STATES. ciiiiiiiiiiiii 65

Figure 8.6: Skin temperature observed for subjects in neutral, happy (excited), sad

AN ANEIY STATES. i i 66
Figure 8.7: K-means options WINAOW. .......cccuieiiriiieeiiiiiee e ssveee s ssnee e sneeas 68
Figure 8.8: Attribute details USING K-MEANS.......ccvieiiiiiiiiriiiiieeeeecreee e 69
Figure 8.9: Cluster formation using k-means algorithm.........cccccceviieviiniiieeiiniieeeens 70
Figure 8.10: Cluster formation for skin temperature data........cccceevvvveereeieerccnnreeennnnn. 70
Figure 8.11: Cluster formation for BPM data. .......ccccevuvieiiiiiiiiiiiiee e 71
Figure 8.12: Cluster formation for first derivative of BPM data.........ccceeveeeeevcnnnnennen.. 71
Figure 8.13: Cluster formation for skin conductance response data. ........cccccuvvveeee... 71

Vi



