LIST OF IMAGES

Figure 2. 1 INd00r SYSLEM SCOPE ....ccvevververieieiieiieiert sttt sttt 7
Figure 2. 2 Bed Mechanical V.1: (a) Top View; (b) Side VIEW ........ccoceverenenicnicieinenne. 9
Figure 2. 3 Inference PIPeliNe .......c.ooovieieiiieeececeee et 12
Figure 2. 4 Restrictions on Detection of Faceless People ..., 13
Figure 2. 5 Key Point of Blaze-POSE........c.ccveieiieieeeceeeceee et 14
FIgure 2. 6 ANN SEUCTUIE ......c.eoiiireeeeteeeeeees ettt 16
FIgure 2. 7 RNIN STTUCLUIE ......c.oouiriireereeteee ettt 16
Figure 2. 8 General structure 0f LSTM......cccocoeiiiieieceeeeteeeee et 16
FIQure 2. 9 LSTM STIUCIUIE ......oouiitereieteteieeeee ettt 17
Figure 2. 10 YOLOV8 NEtWOrK StIUCIUIE........ecveeveeriecieeeesteeeiesreseeete e ereeve e e 20

Figure 2. 11 Posisi Tidur: (1) Help to Stand-up; (2) Sitting; (3) Fowler; (4) Semi-Fowler;
(5) Anti-Trendelenburg; (6) Trendelenburg; (7) Orthopedic; (8) Cardiac; (9) Foot

Elevation; (10) Tilt to The Right; (11) Tilt to The Left; (12) Normal .........c..ccouvruenennee. 25
Figure 2. 12 VL53LOX SENSOT ....cc.evuiriirieieieiieieetesiesieste sttt sse s sne st sseseneneesenaens 26
Figure 2. 13 Outd0or SYStEM SCOPE .....cccevveueeueriieiirieriesiesiesteeetesteie s eeneeien 26
Figure 2. 14 Wearable DEVICE VEISIONS .......cccevviereeiieciieeesteeeestesteecre e evee e sre s 27
Figure 2. 15 Illustration of the Basic Principles of Gyroscope and Turning.................... 29
FIQUIe 2. 16 IMU SBNSOF.......cccviitieeietieieete st eteste e e teste e stesteesaesteeaesteesaebesbaensesresnnees 30
Figure 2. 17 ConfuSION MatliX.......c.coiiieviiiiieiesieceesie ettt e et sreenesbe e e 31
Figure 3. 1 Block Diagram of Monitoring Sub System with Camera..........ccccccecveeeennene 32
Figure 3. 2 Camera Position of the Camera Monitoring Sub-system: (a) Camera Position
at the Front; (b) Camera Position at the Side; (c) Camera View of the Room Scene....... 34
Figure 3. 3 System Communication on Monitoring Sub System with Camera................ 35
Figure 3. 4 Activity Prediction Modeling Process with Blaze-Pose...........ccccccvecveieennene 35
Figure 3. 5 Video Data Acquisition Results: (a) Walk; (b) Fall; (c) Sleep Facing Left; (d)
Sleep Facing Right; (€) Sleep FACING UP......cceviiieeeieeeeeeeeeceeece et 36
Figure 3. 6 One Pose Feature EXtraction ReSUIL ...........ccccvevuieieiiiiececeeeee e, 37
Figure 3. 7 Raw Data: (a) Walk; (b) Fall; (c) Sleep Facing Up; (d) Sleep Facing Right;
(€) SIEEP FACING LETt....eiiieeeeieceeesee ettt nnas 38
Figure 3. 8 Simulation Design of Blaze-Pose in Real Time Monitoring Sub System with
CAMIBIA .ttt b et b e et e bt bt et e bt et et e s bt et e s b e e bt et e sheeat e bt ehe et e nbe et eees 40
Figure 3. 9 YOLOV8 Model Training ProCESS........coveeeevieiteeiesiesteecieste et eee st 41
Figure 3. 10 Dataset LabeliNg .....cocvevvieieieieeieseceese ettt 42
Figure 3. 11 Simulation Design of YoloV8 Real Time Monitoring Sub System with
CAMIBIA .ttt b et b e e at et bt et s bt e at et e s bt e e s b e e bt et e sheenb e b e ehe et e nbe et etes 42
Figure 3. 12 Flowchart of Monitoring Sub System with Camera.........cccccoeovveevereennne. 43

Figure 3. 13 Mobile Application Display: (a) Normal Activity; (b) Warning Activity ... 44
Figure 3. 14 Full Type Blaze-Pose Key Point Results: (a) Camera Position at the Side of

the Head; (b) Camera Position at the Oblique of the Head............ccccevirvvevinieiereeiee 47
Figure 3. 15 Key point values for fall activities: (a) Lite Model; (b) Full Model; (c)

HEAVY MOEL......eeeeee ettt ettt et eae et e saeeneeneas 48
Figure 3. 16 Fall Activity Exoskeleton Results: (a) Lite Model; (b) Full Model; (c) Heavy
IMIOTEN ...ttt ettt et e st e e at et e e be e st e beeneetesseenseseesneentens 49
Figure 3. 17 Key Point Results on Fall Activity: (a) Integer Data; (b) Float Data........... 58
Figure 3. 18 AcCtiVity POSE DataSel........cccvevieiieeiecieceeeeeeree et 61

vii



Figure 3. 19 Float Type Data Model Training Results: (a) Accuracy Validation; (b) Loss

RV LT = L1 o o RSSO 62
Figure 3. 20 Integer Type Data Model Training Results: (a) Accuracy Validation; (b)
(0TI £ 1 T P U o] o TR 63
Figure 3. 21 Confusion Matrix: (a) Float Data; (b) Integer Data..........ccccceevvevevverurennnee. 63
Figure 3. 22 Dataset of Pose Each Label of Data Cutting Result .............ccccoeveiiinnnnns 64
Figure 3. 23 Feature with Shape Dimension (65445, 30, 105) ........cccceevverenenieieeeeennens 65
Figure 3. 24 Confusion Matrix: (a) Feature Shape Dimension (65445, 10, 105); (b)
Feature Shape Dimension (65445, 20, 105).......cccceeveiieeerieeesreseecre et ee s 65
Figure 3. 25 Confusion Matrix: (a) Feature Shape Dimension (65445, 30, 105); (b)
Feature Shape Dimension (65445, 40, 105).......cccceeveieeveereeeere e re e 66
Figure 3. 26 Confusion Matrix Feature Shape Dimension (65445, 1, 105).........cccceceeu... 67
Figure 3. 27 Simulation in Real Time Feature Shape Dimension (65445, 1, 105)........... 67
Figure 3. 28 Simulation in Real Time Feature Shape Dimension (65445, 30, 105) ........ 68
Figure 3. 29 Final Pose Dataset of Monitoring Sub System with Camera............c.c....... 69
Figure 3. 30 LSTM Model Training Results: (a) Validation Accuracy; (b) Validation
0SS ettt ettt ettt e b e bt e he e e a et s bt e b e e b e e he e sae e et e et e e nbeenheesaeeeane 70
Figure 3. 31 Confusion Matrix of Monitoring Sub System with Camera.............c.cc....... 70
Figure 3. 32 Real-time Activity Monitoring Results: (a) Walk; (b) Fall; (c) Sleep Facing
Up; (d) Sleep Facing Right; (€) Sleep Facing Left ........cccoeverieieininineneneeeieeeeens 72
Figure 3. 33 YOLOVS DataSel .......c.ccieeeviiiieeierieceesiesteeresteeeestesreesesteeseensesseessessesnnesees 73
Figure 3. 34 Confusion Matrix of YOLOv8 Model Training Results............cccccueveeennene 74
Figure 3. 35 Real-time Simulation Results of YOLOV8 Model .........c.ccccovevvevieiieenennns 74
Figure 3. 36 Toilet and EXit Door Coordinates.........c.cccvevvevreeeerieieecesieeeese e 75

Figure 3. 37 Real-time Simulation Results of the Camera Monitoring Sub-System: (a)
Walk; (b) Fall; (c) Sleep Facing Up; (d) Sleep Facing Right; (e) Sleep Facing Left: ()

Enter Toilet; () EXIt ROOM ....c.oooiieicececeee ettt sttt ettt e 76
Figure 3. 38 TensorFlow Prediction Time Estimation Results on Monitoring Sub System
WITH CAIMETA.....veieiiiiee ettt b ettt eseeae e 76
Figure 3. 39 Face Recognition Monitoring Sub System with Camera............cccccccueneeee. 77

Figure 3. 40 Mobile Application Display on Monitoring Sub System with Camera: (a)
Walk Activity; (b) Sleep Facing Up Activity; (c) Sleep Facing Right Activity; (d) Sleep
Facing Left Activity; (e) Exit Room Activity; (f) Enter Toilet Activity; (g) Fall Activity

Figure 3. 41 Display Warning on Mobile Application of Monitoring Sub System with
Camera: (a) Enter Toilet; (b) Sleep Facing Left; (c) Sleep Facing Up; (d) Sleep Facing

RIGNL. ettt et e st e e aa et e e aa et e s be et e s beere e beere et e sbeenaents 78
Figure 3. 42 Database View of Monitoring Sub-System with Camera: (a) Sleep Position;

(D) ENEEI ACTIVITY ..eeeeeieieeeeee sttt ettt ettt et bt e beene et e sneeneeeees 78
Figure 3. 43 Block Diagram of Bed Mechanical Sub System...........ccccceevevvrceeveneenenne. 79
Figure 3. 44 Sensor Placement on the Motor: (a) Border Sensor; (b) Sensor .................. 80
Figure 3. 45 Main Board of Mechanical Bed Sub System...........ccceevevvecierieieveieeene, 82
Figure 3. 46 Gateway ESPB266 ........cc.eccvevierieeierieseeeriesieetesteeee e seee e sreeseese e esessessnesees 82

Figure 3. 47 Motor and Sensor Position: (a) Sensor 1 & Motor 1; (b) Sensor 2 & Motor

2; (c) Sensor 3, Motor 3, & Motor 4; (d) Sensor 4 & Motor 5; (e) Sensor 5 & Motor 6; (f)
SENSOI B & IMOLOK 7.ttt sttt be bt e bt e st e teeee e 83
Figure 3. 48 Communication Design of Mechanical Bed Sub System.........cccccceeveunn..e. 83

viii



Figure 3. 49 Processes in the Bed Mechanical Sub-System ..o 84

Figure 3. 50 SeNSOr MEASUIEIMENT..........cccviiiieierieeeeerie et e e sreese e ereebeereesesreenaeseas 85
Figure 3. 51 Comparison Result of Sensor Measurement with Original Distance .......... 85
Figure 3. 52 Comparison Result of Sensor 1 Value with Original Distance.................... 86
Figure 3. 53 Comparison Result of Sensor 2 Value with Original Distance.................... 86
Figure 3. 54 Comparison Result of Sensor 3 Value with Original Distance.................... 87
Figure 3. 55 Comparison Result of Sensor 4 Value with Original Distance.................... 87
Figure 3. 56 Comparison Result of Sensor 5 Value with Original Distance.................... 88
Figure 3. 57 Comparison Result of Sensor 6 Value with Original Distance.................... 88

Figure 3. 58 Bed Position on Auto Mode: (a) Normal; (b) Trendelenburg; (c) Anti-
Trendelenburg; (d) Tilt to The Right; (e) Tilt to The Left; (f) Fowler; (g) Semi-Fowler;

(h) Sitting; (i) Cardiac; (j) Help to Stand-Up; (k) Orthopedic; (I) Feet Elevation ............ 90
Figure 3. 59 Illustration of Bed Mechanical Parts ...........ccccceeeveveieeceneeeeceeeeee e, 91
Figure 3. 60 Flowchart of Bed Mechanical Sub System Part 1 ..........cccccevvevevieiieenennens 93
Figure 3. 61 Flowchart of Bed Mechanical Sub System Part 2 ..........ccccceveveveiieenennens 94
Figure 3. 62 Wirable Remote LCD Display: (a) Main Screen; (b) Automatic Screen; (c)
IMIANUAT SCIEEN ...ttt sttt ettt ettt b e bbb este st et et eneene e 95
Figure 3. 63 Flowchart of Remote Wirable User Interface...........cccvoevevevenenenienennnens 96
Figure 3. 64 Mobile Application Display for Bed Mechanical Sub System: (a) Automatic
Screen; (D) ManUAl SCIEEN........ci i 97
Figure 3. 65 Comparison of Sensor Value to Original Distance with Different Light
INENSITY CONUITIONS ....ceviiiceeiiiceet ettt st aa et s re e e s beenaesras 104
Figure 3. 66 Sensor Value on Border With ACryliC........ccveveveiiecieiiceecececee e, 105
Figure 3. 67 Sensor Value on Border with Filament.............cccocevrininininenencincnn 105

Figure 3. 68 Application Display: (a) Login Screen; (b) Profile & Logout Screen; (c)
Camera Monitoring Screen; (d) Camera Monitoring Warning Screen; (e) Bed Mechanical
Manual Mode Screen; (f) Bed Mechanical Automatic Mode Screen; (g) Outdoor System
Screen; (h) Map Outdoor System Screen; (i) Image Location Outdoor System Screen; (j)

History Activity Outdoor SYSEM SCIEEN.......ccveeeriieeeeeteeeee e 106
Figure 3. 69 Flowchart of Application Part 1 ..........cceceeieieieiieeceeeecese e 107
Figure 3. 70 Flowchart of Application Part 2 ..........ccceceeieeeieiiecececeeeseeeee e 108
Figure 4. 1 Block Diagram of QULdOOr SYSIEM .......cccecverviecieriiiieiereseee e 109
Figure 4. 2 Communication Design of Outdoor SyStem..........ccccecevveeeieneecieseeeenne, 112
Figure 4. 3 Schematic Design of Outdoor System Hardware Circuit ............ccocvreeenene. 112
Figure 4. 4 Activity Prediction Modeling Process for Outdoor Systems.............cc.c...... 113
Figure 4. 5 Wearable Device POSITIONING .....cccooeeiiiiieieiiiceeeceeee et 114
Figure 4. 6 Activity Raw Dataset: (a) Walk; (b) Fall, (c) Stable; (d) Unstable ............. 115
Figure 4. 7 Feature Fall ACHIVItY Data ........ccooeeieiinieieeeee e 116
Figure 4. 8 Spectral Power Fall ACHIVILY........ccooceriiieeieee e 117
Figure 4. 9 Real-time Simulation Design of Outdoor SyStem ..........cccceeeveeciereseennene 118
Figure 4. 10 Outdoor System Activities Dataset..........ccooveverereesereniereseeeese e 118
Figure 4. 11 Data Explorer Dataset of Acceleration & Gyroscope Feature................... 119
Figure 4. 12 Confusion Matrix of Acceleration & Gyroscope Features ............cceen.... 119
Figure 4. 13 Data Explorer Dataset of Gyroscope Features..........cccoceveerererceeneneeenn 120
Figure 4. 14 Confusion Matrix of Gyroscope FEatUre ..........ocvveevereseereseeeesieseeeneenns 120
Figure 4. 15 Data Explorer Dataset of Acceleration Feature ..........c.ccoceveeeeeeeneneeenne. 121



Figure 4. 16 Confusion Matrix of Acceleration Feature ...........ccccecevevenencneneeeeenenn 121
Figure 4. 17 Simulation of Outdoor System Real Time Activity Recognition: (a) Walk;

(b) Fall; (c) Stable; (d) UNSabIE .......ccvoveieieeieeeeeee e 122
Figure 4. 18 Activity Recognition View of the App: (a) Walk; (b) Fall; (c) Stable; (d)
UNSEADIE ...ttt sttt ne e 122
Figure 4. 19 Mobile Gateway DiSplay .........ccccueeririreneneceieeeesese e 123
Figure 4. 20 GPS Map Locations: (a) Location 1; (b) Location 2; (c) Location 3; (d)

[0 To%: 11 T o 0 TSP 124
Figure 4. 21 RGB Image of Location: (a) Location 1; (b) Location 2; (c) Location 3; (d)
[0 (o] 1 SOOI PR SRS 125



