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Design Patterns for Mitigating Incompatibility of
Context Acquisition Schemes for IoT Devices

T

Hyun Jung La" - Ku Hwan An™ - Soo Dong Kim

ABSTRACT

Sensors equipped in Internet-of-Thing (IoT) devices are used to measure the surrounding contexts, and IoT applications analyze the
contexts to infer situations and provide situation—specific smart services. There are different context acquisition schemes including pulling,
pushing, and broadcasting. Most IoT devices support only one of the schemes. Hence, there can be an incompatible issue on data
acquisition schemes between applications and devices, and consequently it could result in an increased development cost and inefficiency
on application maintenance. This paper presents design patterns which can effectively remedy the incompatibility problem. By applying the
patterns, IoT applications with incompatibility can be systematically and effectively developed. And, also its maintainability is expected to

increase.
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Fig. 1. Types of Acquisition Schemes
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Fig. 2. Class Diagram for Mitigating Pull-2-Push Incompatibility
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List 1. Algorithm of notifyChange( ) method defined in
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o.onDataChanged(data)
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Fig. 3. Sequence Diagram for Mitigating Pull-2-Push Incompatibility
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Fig. 4. An lllustration of Mitigating Pull-2-Push Incompatibility
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List 4. Implementation of Pull2PushMitigator Class

btAdapter =
if(bt Adapter
tgDevice
}
}

BluetoothAdapter.getDefaultAdapter();
1= null{
= new TGDevice(btAdapter, handler);
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List 3. Handling Data Receipt

private final Handler handler = new Handler({
public void  handleMessage(Message msg){
switch(msg.what){

case TGDevice MSG_STATE_CHANGE:
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Fig. 5. Result of Applying Design Pattern for Mitigating
Pull-2-Push Incompatibility
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1 | public class Pull2PushMitigator  {

2 TGDevice device;

3 BluetoothAdapter btAdpater;

4

5 public Pull2PushMitigator ~ (){

6

7 tgDevice = new TGDevice(btAdapter, this.handler);
8 tgDevice.connect(false)

9 tgDevice.start()

10 )

11 public Object getData(){

12 return data;

13 )

14 private Handler handler = new Handler(){

15 @Override

16 public void handleMessage(Message msg){
17

18 if(msg.what == TGDevice MSG_EEG_POWER){
19 data = msg.obj;

20

% |
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280,
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o

Brain Attention

public void analyze(View v)({

TGEegPower eeg = (TGEegPower)mitigator.getData();

JSONObject result;

result = analyzeAttention(eeg);

(b) try {

score.setText (String.valueOf(result.getDouble("score")));
context.setText (result.getString("summary"));

} catch (JSONException e) {
e.printStackTrace();

}

Fig. 6. Application Screen Dump (a) and
Source Code for ‘Analyze’ Button (b)
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«Interface»
DeviceObserver
+onDataChanged ()
A
i
1
Tianfl ify-2-| -
loT Apy NoMti:iygats:‘ I loT Device
- mitigator - device +getData()
+onDataChanged|() - thread
+ registerObserver(Dev?ceObserver) DataAcquisition
+removeObserver(DeviceObserver)
+monitorNewData() Thread
+ notifyChange() +start()
+fetchData(): data

Fig. 7. Class Diagram for Mitigating Notify-2-Pull
Incompatibility
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List 5. Aigorithm of run() method defined in
‘DataAcquisitionThread’

run(){
while(True){
data = device.getData()
check(data)
period = estimatePeriod(data)
time.sleep(period)

03 O O i W N~

3MA FollA  IoTDevice S A devicedl
getData( ) "WA=E 5338k9] IoTDevice F#2-9] dlo]E]
S golon, 4HA  FdA  wAEH"
ﬂaﬂ’\oﬂﬂ] 247 98] check( ) 9 w4
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IoTApplication

=
& =4

=z
=t

List 6. Algorithm of check() method defined in
‘Notify2PullMitigator’

void check(data){
if(isValueChanged(data)){
event = Event(Event.ValueChanged, timestamp)
dataQueuelevent] = data
notifyChange(event)

}

00 N U1 & W DN —
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List 7. Algorithm of fetchData() method defined in
‘Notify2PullMitigator’

1 data fetchData(event){
data = dataQueuelevent]
3 return data
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List 8. e-Health Library for Raspberry Pi

int eHealthClass::getEMG(void){
int analog0;
analog0=analogRead(0);
return analog0;

}

Ol W W o~

o]9} 7ol EMGAnalyzer®t e-Health Sensor Platform
Complete Kit?] EMG A4 7kl = Notify-2-Pull o] &4 o]
gl o] & e Notify-2-Pull o] 24 T4 AEs A
&3ko] Fig. 99 Zo] ZFdi2 tholoj 13 & AAS AT

«Interface»
DeviceObserver
+onDataChanged ()
A
1
'
L
«loT Application» Notify-2-Pull «loT Device»
EMGAnalyzer Mitigator eHealthClass
- mitigator _ device e
+onDataChanged() - thread
+analyzeEMG() + registerObserver(DeviceObserver)

DataAcquisition

+ removeObserve(DeviceObserver)
Thread

+ monitorNewData()
+ notifyChange() +start()
+ fetchData(): data

Fig. 9. Result of Applying Design Pattern for Mitigating
Notify-2-Pull Incompatibility
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List 9. Implementation of Notify2PullMitigator Class and

DataAcauisitionThread
1 |class Notify2PullMitigator:
2 .es
3 def registerObserver(self, observer):
4 self.observer = observer
5
6 def monitorNewData(self):
7 DataAcquisition Thread(self.device, self.check).start()
8
9 def check(self, data):
10 if isValueChanged(data):
11 event = Event(Event.ValueChanged, timestamp)
12 self.dataQueuelevent] = data
13 notifyChange(event)
14
15 def fetchData(self, event):
16 data = self.dataQueuelevent]
17 return data
18
19 | class DataAcquisitionThread(Threading. Thread):
20 .os
21 def run(self):
22 while(True):
23 data = device.getEMG()
24 self.check(data)
25 period = estimatePeriod(data)
26 time.sleep(period)
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def onDataChanged(self, event):
if self.start is None:
self.start = event.timestamp()
event_list = []
event_list.append(event)
print (event.toString())

if event.timestamp() - self.start > self.three_minute:
self.mitigator.removeObserver(self.observer)
emg_list = []

for event in event_list:
emg_list.append(self.mitigator.fetchData(event))
result = self.analyzeEMG(emg_list)
print (result)

Fig. 10. Source Implementing DeviceObserver
Interface of EMGAnalyzer
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>t event: value is changed, device_id: e-Health0S, sensor_id: emg0l, timestamp: 1450000333200
B event: value is changed, device_id: e-Health0S, sensor_id: emg0l, timestamp: 1450000333330
ns event: value is changed, device_id: e-Health05, sensor_id: emg0l, timestamp: 1450000333480
~" event: value is changed, device_id: e-Health0S, sensor_id: emg0l, timestamp: 1450000333600
=] B event: value is changed, device_id: e-Health05, sensor_id: emg0l, timestamp: 1450000333710
G event: value is changed, device_id: e-HealthOS, sensor_id: eng0l, tinestamp: 1450000333860
2 @ event: value is changed, device_id: e-Health05, sensor_id: ens0l, timestamp: 1450000334020

[{"tyre’: 'RMS’, ‘unit’: ‘score’, 'value': 54}, {"type’: ‘Median Freauency’, ‘unit’: ‘score’, ‘value': 102}]

Fig. 11. Execution Result Screen Dump of EMGAnalyzer
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