0000 200700 (00 1900)

Life’Guard
[]

gogd
000000000000
oo o
o0 O
oo o
o d
oo o
oo o
OO0 OO0
Van Meter, Rodney D

Jougod googon
oot oo

namachan@ht.sfc.keio.ac.jp



000000 200700 (001900)

Life’Guard0 000 000000000000O0
oooooouooo

coboboooobooooboooooooooobooooo0oooooooobo0oooboooooo0oooonn
ooboooboooooooooobooooobooo

coooooooboooboboooobooooboooooobOoboOobooobooooooOoDOobO 1b000
gobboooobooooooooooOooOoOoOOoO0oOobOOoO0OobOOoOoOoboOoOoUoOoOOoOobOOOOoOoDbboOonon
gobooooboooooooooboooboooobooooboooooooooobooooobDoOoobboooon
gobodooboooobooooooooooOooooboooooooooooooOoooOooOboOooboOooon

0000000000000 0000000000000O0000D0ODO0oODOoDUooOooO (Life) 0O
0000 (Life) 000000000000000000000Life?Guard000000000000000
gobbooooooobooooooOooOooOOoOoOobOOoOoOoObOOoOoOoboOoOoOoOoOOoOoOOOOoOoDbboOonon
goboooooooooooooboooobooooboooooooooOooooDbDooooDoOooDboboooon
gobbodooboooooooooboo0ooboboooooooooooooOooOouoono

cobooooooboooobooooooooooboooobooOooooooooOoboOooboOoOooobooOoOoOooDnn
gbobooooooodooboooooooooooboobooobooooboooboooooobooooOooogn
goooooooooo4o00o0ooooooooooooOoOoOoOOOObOOOO0DODODODOODDOODOO
oooooooon

coboboooobobocoobooooOoOoOoOoOoOboOoOobOOo0OOoOOOOOOCOb0ObOOOOobOOOOODn
gobboooobooooobooooooboooobooobooooboooooooooobooooobDoOoobboooon
gobodooboooobooooooooooOooooboooooooooooooOoooOooOOoOooboOonon
gobooooboooooboooooobooooobooOooboooobooooobooooooOoooOooboboOooboboOooon
goboooooooooooooboooooboo0oobooooooooooooobOooooDobDOooDboboOooon
gobbooooooobooooooOooOooOOoOoOobOOoOoOoObOOoOoOoboOoOoOoOoOOoOoOOOOoOoDbboOonon
gopboooobooooooooobooooboooboboooobooooooooooboooooDoOg

000000000000000000000000Life?Guard00000000000D0O00O0OO0
oobooooboooobooooobooooobooa

oooooo booooo
ooo oo



Abstract of Bachelor’s Thesis Academic Year 2007

Life’Guardd A Physical Disorder Detection with Sensors
in Privacy Rooms

We propose a method that analyzes the context from environmental sensor information to detect
physical disorders in privacy spaces where cameras can not be used.

These days, it is reported that many people are attacked a sudden physical disorder in bathrooms or
restrooms caused by a rapid blood pressure change. Since people use such places alone and they are
isolated from others, these situations tend to be left undiscovered and the time loss often leads the person
to death. Monitoring system for those spaces is extreamly disired. However, rooms such as restrooms
are very “privacy-sensitive” spaces. Therefore the monitoring methods using cameras can not be applied
to such spaces.

We propose “Life?Guard” System which is an application to protect both users privacy on “Life”
and physical risk on “Life” by analyzing context from sensor data. In the research, we use multiple
environmental sensors to detect a user’s behavior and find out he/she is in physical disorder or not.
Unlike a data from vital sensors, a data from environmental sensors do not represent a physical disorders
when looking at a single point. However, environmental sensors do not require users to carry with them.
This frees carrying sensors all the time with them to receive the service.

To realize a monitoring system for sudden physical disorders, we have found four system requirements
namely environmental human sensing, strong system durability, realizeing real-time inference, and false-
pistive avoidance. “Life?Guard System” clears all the requirements by following keyword: IR-Sensor,
Bayesian Network, Naive Bayes, Approximate Inference, and Confirm Button Interaction.

IRSensor is cost effective and detects only the user behavior. Bayesian Network is an algorithm which
compensates the lack of sensor data and prevent the algorithm being collapsing. Naive Bayes Model can
save the training cost and reduces miss definition of the context. Approximate Inference can handle a
complicated model within real-time. Finally requiring user interaction using Confirm Button in case of
potential physical disorder avoids emergency call by misinference.

In this research, we focus on a restroom as a concrete example of privacy space and implement
Life?Guard System. We also have a demonstration experiment in actual restroom and evaluate the

accuracy of the system.

Naoya Namatame

Faculty of Environmental Information

Keio University
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0 4.3 BayesEngine0O0O0OD

goog goog

private NodeArrayList nodeList

private int nodeCount

private int topHierarchyLevel

public void setUpNodes(String filePath)

public void explore(Node child)

public setEvidence(String nodeName, String state)
public void clearAllEvidence()

public void infer(int samplingRate)
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0O 4.4 LikelihoodWeighting 0 O O
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private float score]]
public void infer(int samplingRate)
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/0000000 x*/
LikelihoodWeighting engine = new LikelihoodWeighting();

/000000000000000x*/
engine.setUpNodes("./ModelSample. jng") ;

/x00000000x*/
engine.setEvidence ("Nodel","true");

engine.setEvidence("Node2","true");

/x10000 00000000/
engine.infer (10000) ;

/x00000=/
System.out.println(engine.getLikelihood("Node3","true"));

System.out.println(engine.getLikelihood ("Node4","true"));
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Likelihood Weighting 0 0 0 0000000000000 0000O0OO0OOOOOOO0OOOOOOODOOO
0000000000000 00000D000D0D00D00D000D “Bayesian Artificial Intelligence”[18]
oooooon

s Likelihood Weighting 0 0000

~

Initialization
O For each value z; for node X

Create a count variable Count(z;,e)
O Create a count variable Count(e)

O Initialize all count variables to 0

For each round of simulation
1. For all root nodes
If a root node is an evidence node, E;
choose the evidence value, ¢;
likelihood(E; = ¢;) — P(E; = ¢;)
Else
Choose a value for the root node, weighting the choice by the priors.
2. Loop
If a child is an evidence node, E;
choose the evidence value, ¢;
likelihood(E; = ¢;) = P(E; = e; | chosen present values)
Else
Choose values randomly for children, using the conditional
probabilities given the known values of the parents.
Untill all the leaves are reached
3. Update run counts
If the case includes E = e
Count(e) < Count(e) + [[;likelihood(E; = ¢;)
If this case includes both X = z; and E = e
Count(z;,e) < Count(z;,e) + [];likelihood(E; = ¢;)

Current estimate for the posterior probability
Count(z;, E = e)

P(X =x;|E=¢) =
( il 2 Count(E = e)
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0 4.5 SensorData 000
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private int sensorID

private int dataValue

private String dataType

private String inferenceNodeName

public SensorData(int id, String type, int value)
public boolean findInferenceNode(TableModel table)
public int getSensorlId()

public int getSensorValue()

public String getSensorType()

public String getInferenceNodeName()

SensorDataConverter O 0O O

SensorData 0 0 0000000000000 ODODOOODOOODOOODOOOOOOOOOOOOO
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0 4.6 SensorDataConverter 0 O 0
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private ‘ String dataToLabel
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\
/¥300000000000000=%/
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engine.setEvidence(sensorData[i] .getInferenceNodeName, datalabel);
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H) - P(Dyspnoea =T | Cancer =T) 00000.05-0.65=03250000000Xn0 10000000
00o00ooooooo Aloooooooog

n

P(Xo,X1,.., Xp) = [[ P(Xi | Parents(X;)) (A.1)
=0

A23 0O000O0ODO
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000000000000000000 A30000000000000O00000O0OOOOODOOODOOO
gboooooobooboboboooooog
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P(Dysp=T)

P(Can=T |Dysp=T) =
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00 B

BayesEngine O O O 0O 00O OO

package jp.ac.keio.sfc.ht.namatame.bayes.algorithm;

import java.util.ArrayList;

J ok *
¥ LogicSampling0 000000000000 O0OO
* Qauthor Naoya Namatame
* Q@uersion 1.0

*/
public abstract class BayesEngine {
protected NodeArrayList nodelList;

protected int nodeCount;
protected int topHierarchyLevel;

J ok *
+ J0O0O0OO0DOODOO0DODOODOODOOOOOODOOOODODOOGO
*/
public BayesEngine (){
nodeCount = O0;

nodelist = new NodeArrayList ();
topHierarchyLevel = 0;

VAL

+ 00000000000 OOO0OOOOOOOOOO0OO0O0O

* @param filePath 0 0O 0 OO0 XMLOOOOOOODO

*/
public void setUpNodes (String filePath){

System.out.println("program started.");

//XMLOODDDDODOOOODDDOOO

XMLParser parser = new XMLParser (filePath);

parser.parse();
parser.setUpNodes (this);

//0000000000000DO0O0

for (int i=0; i<nodeList.size(); i++){
Node node = (Node) nodelList.get(i);
node.setProbabilityTable ();

//0000D0
this.analyseModel ();
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52 /*x

53 *» DO00oOoooooooooooooooooooobooobooobodo
54 */

55 public void analyseModel (){

56

57 ArraylList bottomList = findBottomNodes ();

58

59 for(int i=0; i<bottomList.size(); i++){

60 Node node = (Node) bottomList.get(i);

61 explore (node);

62 }

63

64 }

65

66

67 /%

68 + 00O0O0OO0ODO0OO0OO0ODO0OBD
69 * @param nodeName [ 0O O
70 ¥ @return 0 000000
71 */

72 public Node createNode(String nodeName){

73

74 Node node = new Node(nodeCount, nodeName);

75 nodelList.add (node);

76 nodeCount ++;

77

78 return node;

79 }

80

81

82 /%

83 + J0O0oO0ooooooooooooOooooooooDoobooooooooooano
84 * @return 0 000 O0O0O0O0OO0OO0OO0OO0OOODODODODO

85 */

86 public ArrayList findBottomNodes (){

87

88 //00000000000000000OO0O0OO0OO0OO

89 for(int i=0; i<nodelList.size(); i++){

90 Node node = (Node) nodeList.get(i);

91

92 for (int j=0; j<node.parentList.size(); j++){

93 Node parent = (Node) node.parentList.get(j);

94

ooooooooooao

O oo

oo
|
ooooooooao

95 if (parent.isParent == false){

96 parent.setIsParent (true);

97 ¥

98 }

99 }

100

101 //0000000000000O00000O00000DO0O00O
102 ArrayList list = new ArrayList();

103

104 for(int i=0; i<nodelList.size(); i++){

105 Node node = (Node) nodeList.get(i);

106 if ('node.isParent){

107 list.add(node);

108 }

109 }

110 return list;

111 }

112

113

114 VAL

115 + J0O0O0OO0O0OO0DO0OO0DO0ODOODOODOOoDOoOODOODOOOODOOOODODOOOODOODOO
116 ¥ @param child D 0O O0O0OO0O0OO0ODOO

117 */

118 public void explore(Node child){

119

120 for (int i=0; i<child.parentList.size(); i++){
121 Node node = (Node) child.parentList.get(i);
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151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173

//00000000000000000000000000000040a4
if (node.hierarchylLevel < child.hierarchyLevel+1){
node.setHierarchylLevel (child.hierarchyLevel+1);

}

//000000000000O000O00O00DOO0OOO
if (topHierarchyLevel < node.hierarchyLevel){

topHierarchylLevel = node.hierarchyLevel;
}
//00
explore (node);
}
}
J ok *
* 0000000000 O0OO0OO0OOOODDODDODDODODOOO0OOO
* @param nodeNeme 0 00000 ODODODODO

* @param state 0 0O O0O0O00O00OO
¥ @return 0 000 000D O0O0OTRVEDDDO
*/

public boolean setEvidence(String nodeName, String state){

boolean isSet = nodelist.getNodeByName (nodeName).setEvidence (state);
return isSet;

J ok *
+ J0O0O0OO0DO0OO0DOO0DO0ODODODOOOOOOOODOOODOOO
*/

public void clearAllEvidence (){

for(int i=0; i<this.nodelList.size(); i++){
Node node = (Node) nodelList.get(i);
node.clearEvidence ();

/*
+» 00000 O0DOoODO0DOoODOoDOoOOOoOOoOOoOOOoOODO0DOoODOOOOO
*/

public void infer (int samplingRate){

}
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00 C

LogicSampling OO0 000 O

package jp.ac.keio.sfc.ht.namatame.bayes.algorithm;
import java.util.ArrayList;

J ok *
¥ LogicSampling0 000000000000 O0OO
* Qauthor Naoya Namatame
* Q@uersion 1.0

*/
public class LogicSampling extends BayesEngine{

J ok *
+ J0O0O0OO0DO0OO0DO0OO0DO0OOODOOODOOODOODOODDODOODOOOOOODOO
*/
public LogicSampling(){
super () ;

}

/K *
¥ LogicSamplingOd 0000 OO0O0DDOOOODOO
* @param samplingRate O 0O O 0O OO
*/

public void infer (int samplingRate){
int sampleCount = 0;

//00000
this.analyseModel ();

//00000000new0 0000

for(int i=0; i<this.nodeList.size(); i++){
Node node = (Node) nodelList.get(i);
node.historicalStates = new String[samplingRatel;

while (sampleCount < samplingRate){

//System.out.printin("Count"” + sampleCount + "=
LOOP1: for(int i=topHierarchyLevel; i>=0; i--){

for (int j=0; j<nodelist.size(); j++){
Node node = (Node) nodelist.get(j);

if (node.hierarchyLevel == i){
if (node.probabilityTable.conditionList.size() == 1){
boolean evd = node.update(

(Arraylist) node.probabilityTable.probabilityList.get (0));
node.setHistoricalStates (sampleCount);
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67
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69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94

sampleCount --;
break LOOP1;
}
}
elseq{
boolean evd = node.update(
(ArraylList) node.probabilityTable.probabilityList.get(
node.findCurrentConditions ()));
node.setHistoricalStates (sampleCount);
if (levd){
//System.out.printin ("break");
sampleCount - —;
break LOOP1;
}
}
¥
}
}
sampleCount ++;
}
}
J ok *
*» 00000000000 D0ODO0DO0DO0DO0OO0D0DO0OO0OD0DO0OO0OO0DDOaO
* @param nodeNeme 0 0000 O0O0O0DODODODOAO

if (levd){

//System.out.printin("break");

* @param state 0 0O O0O00OO

*/

public float getLikelihood(String nodeName,
(float) 0.0;

float likelihood =

likelihood = nodelList.getNodeByName (nodeName).getLikelihood(state);

return likelihood;

String state){
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LikelihoodWeighting O O OO O O [

package jp.ac.keio.sfc.ht.namatame.bayes.algorithm;
import java.util.ArrayList;

J ok *
¥ LikelihoodWeightingOD ODOOODODOODOOODOOODOO
* Qauthor Naoya Namatame
* Q@uersion 1.0

*/

©

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

46
47
48
49
50
51

public class LikelihoodWeighting extends BayesEngine{

private float scorel[];

+ 0000000 O0OO0OO0OOODOODOODOODOODOOOOODOOOOOOOO

public LikelihoodWeighting (){

¥ LikelihoodWeightingD ODOODDODOODOODODOOODO
* @param samplingRate

oooooao
public void infer (int samplingRate){
int sampleCount
new float[samplingRatel;
//00000000newD 0000
i<this.nodelist.size();

(Node) nodelList.get(i);
node.historicalStates

for(int i=0;

new String[samplingRate];

while (sampleCount < samplingRate){

//System.out.println ("Count"” + sampleCount +
float currentScore (float) 1.0;
for(int i=topHierarchyLevel;

for(int j=0; j<nodelList.size();

(Node) nodelist.get(j);



52
53
54
55
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83
84
85
86
87
88
89
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91
92
93
94

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121

if (node.hierarchylevel == i){

//00000000000000
if (node.probabilityTable.conditionList.size() == 1){

//evidence0J 0D ODODOD
if (node.evidenceState != null){
node.setEvidenceAsCurrentState ();

//0000000
ArrayList table =
(ArraylList) node.probabilityTable.probabilityList.get (0);
for (int k=0; k<node.probabilityTable.stateList.size(); k++){
if (node.evidenceState.equals(
node.probabilityTable.statelList.get (k))){
//System.out.print (table.get (k) + " ");
Float caseScore = (Float) table.get(k);
currentScore = currentScore * (float)caseScore;

//evidence0d 0D O0OOOOOOODO
elseq{
node.update (
(ArrayList) node.probabilityTable.probabilityList.get (0));

node.setHistoricalStates (sampleCount);

}

//0 0000000000000
elseq{

//evidenceD OO DODODODDODO
if (node.evidenceState != null){
node.setEvidenceAsCurrentState ();

/70000000

ArrayList table =
(ArraylList) node.probabilityTable.probabilityList.get(
node.findCurrentConditions ());

for (int k=0; k<node.probabilityTable.stateList.size(); k++){
if (node.evidenceState.equals(
node.probabilityTable.stateList.get(k))){

//System.out.print (table.get (k) + " ");
Float caseScore = (Float) table.get(k);
currentScore = currentScore * (float)caseScore;
}
}
}
else{
node .update (
(ArraylList) node.probabilityTable.probabilityList.get(
node.findCurrentConditions ()));
}
node.setHistoricalStates (sampleCount);
}
¥
}
}
score [sampleCount] = currentScore;
//System.out.printin(sampleCount + ":" + score[sampleCount]);

sampleCount ++;
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*+ 000000000000 O0OO0OO0OOODODDODOOO0OO0OOO0O0AO0
* @param nodeName O 0 00 OO0 O0OO0O0O0OOADO
* @param state 0 00 O0O0O00OO

public float getLikelihood(String nodeName, String state){

float likelihood = (float) 0.0;

Node node = nodelist.getNodeByName (nodeName) ;
ArraylList states = node.probabilityTable.statelList;
float targetScore[] = new float[states.size()];
float totalScore = 0;

//000

for(int i=0; i<states.size(); i++){
targetScore[i] = 0;

}

//00000000
for(int i=0; i<states.size(); i++){
for (int j=0; j<node.historicalStates.length; j++){

//000000000000
if (node.historicalStates[j].equals(states.get(i))){
targetScore[i] += scorel[j];

}

totalScore += targetScorel[il];

for(int i=0; i<states.size(); i++){
if (states.get(i).equals(state)){
likelihood = targetScore[il/totalScore;
¥

return likelihood;
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