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Sensor Node Design based on State Transition Model

DongHyun Shinf, Changhwa Kim'"

ABSTRACT

Sensor networks are used in various fields such as marine, defense, and smart home etc. Among the
components of the sensor network, the sensor node collects sensor data, as one of the representative
sensor network roles, and the sensor node makes a greate influence on the overall performance of the
sensor network. Therefore, how to design the sensor node is an important issue in the sensor network
field. However, the research on the sensor network architecture suitable for the sensor network installation
environment has been made more important than the research on how to configure the sensor node.
In this paper, we propose to identify elements to be considered for designing a sensor node that makes
a large influence on the performance of the sensor network, and to easily implement the sensor node

through the state transition model based on these elements.
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Table 1. Elements for Sensor Node Design
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Elements

Categories

Sensor Data Transmission Method

Request / Period

Communication Method

Wire / Wireless / Wire - Wireless

Sensor Data Aggregation Method

One / Complex

Calibration

Use / Unused

Sensor Data Collection Signal

Analog / Digital
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Fig. 1. Architectures of Sensor Node,
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Table 2, State and its Explanation

No. States Explanation

1 Start ¢ Program start state

2 PortCheck e Port Check state for polling

3 Sleep e Sleep state of MCU

4 InterruptCheck e State for interrupt check

5 MessageProcessing e State for other message processing

6 Data/MessageReception * State for data or message reception

7 DataTransmission e State for data transmission to upper node

8 MessageOptionJudgement e State for immediate or delayed delivery selection

9 DataSave e State for data—saving
7] 1 mefslol she R4S Ao A A 31 MA =S MAS 95 MefRio|z ™o THRA
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PortCheck, Sleep, InterruptCheck, MessagePro-

cessing, Data/MessageReception, DataTransmis—

Table 3. Events and its Explanation

No. Events Explanation
. * This event checks whether any message exists in port check state. If true it moves
1 MessageExistence() . . . . A
data/message reception state, otherwise, it remains still in port check state
. e This event checks whether the message reception is finished completely in
MessageReception .
2 Completion() data/message reception state. If true the current state moves to data/message source
judgement state, otherwise, the state remains still in data/message reception state
* This event checks what the type of the received message source is. If message
3 MessageSource source is the sensor type in data/message source judgement, the current state
Check() moves to data/message option judgement state, but if the source type is ETC,
it moves to message processing state
« If the returned option value as the result of this event is IM in data/message
4 MessageOption option judgement state, the current state moves to data transmission state,
Check() but if it is SV, the current state moves to data save state
* IM means immediate transmission, SV means save and transmission
. « If the saved data is final in data save state, the current state moves to data
5 FinalData() .. .
transmission state, otherwise, it moves to port check or sleep state
e If the return value of interrupt check() is reception, the current state moves
6 InterruptCheck() . . . .
to data/message receipt state, but if ETC, it moves to message processing state
7 WEI « If data transmission is completed in data transmission state, the current state
moves to WFI (Wait for Interrupt) state
N Processing « If data transmission is completed in message processing state, the current state
Completion moves to sleep state
9 Interrupt « If interrupt occurs in sleep state, the current state moves to interrupt state
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Fig. 2. State Transition Model based on Polling.

STATE = Port Check;
WHILE(1){
SWITCH(STATE){
CASE PortCheck:
IF(MessageExistence() == TRUE) THEN
STATE = Data/MessageReception;
BREAK;
CASE Data/MessageReception:
IF (MessageReceptionCompletion() == TRUE) THEN
STATE = Data/MessageSourceJudgement;
BREAK;
CASE Data/MessageSourceJudgement:
IF(MessageSourceCheck() == Sensor) THEN
STATE = Data/MessageOptionJudgement;
ELSE
STATE = MessageProcessing;
BREAK;
CASE Data/MessageOptionJudgement:
IF(Message OptionCheck() == IM) THEN
STATE = DataTransmission;
ELSE
STATE = DataSave;
BREAK;
CASE Message Processing:
Message Processing();
STATE = PortCheck;
BREAK;
CASE Data Transmission:
Data Transmission();
State = PortCheck;
BREAK;
CASE Data Save;
Data Save();
IF(FinalData() == TRUE) THEN
STATE = DataTransmission;
ELSE
STATE = PortCheck;
BREAK;

Fig. 3. Algorithm of State Transition Model for Polling
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STATE = Sleep;
WHILE(1){
SWITCH(STATE)N
CASE Sleep:
WFI0);
STATE = InterruptCheck;
BREAK;
CASE InterruptCheck:
IF (InterruptCheck() == Reception) THEN
STATE = Data/MessageReception;

ELSE
STATE = MessageProcessing;
BREAK;
CASE MessageProcessing:
MessageProcessing();
STATE = Sleep;
BREAK;

CASE Data/MessageReception:
IF(MessageReceiptCompletion() == TRUE) THEN
STATE = Data/MessageOptionJudgement;
ELSE
BREAK;
CASE Data/MessageOptionJudgement:
IF (MessageOptionCheck() == IM) THEN
STATE = DataTransmission;
ELSE
STATE = DataSave;
BREAK;
CASE DataTransmission:
Data Transmission();
STATE = Sleep;
BREAK;
CASE DataSave:
IF(FinalData() == TRUE) THEN
STATE = DataTransmission;
ELSE
STATE = Sleep;
BREAK;

Fig. 5. Algorithm of State Transition Model for Interrupt,
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Fig. 6. State Transition Model for Polling and Interrupt,

FinalDatal)
—TRUE

STATE = Sleep;
WHILE(1){
SWITCH(STATE)X

CASE Sleep:
WFI();
STATE = InterruptCheck;
BREAK;
CASE Interrupt Check:
IF (InterruptCheck() == Reception) THEN
STATE = Data/MessageReception;
ELSE IF (InterruptCheck() == Timer) THEN
STATE = PortCheck;
ELSE
STATE = MessageProcessing;
BREAK;
CASE Port Check:
IF(MessageExistence() == TRUE) THEN
STATE = Data/MessageReception;
BREAK;
CASE MessageProcessing:
MessageProcessing();
STATE = Sleep;
BREAK;
CASE Data/MessageReception:
IF(Message ReceiptCompletion() == TRUE) THEN
STATE = Data/MessageOptionJudgement;
ELSE
BREAK;
CASE Data/MessageOptionJudgement:
IF (MessageOptionCheck() == IM) THEN
STATE = DataTransmission;
ELSE
STATE = DataSave;
BREAK;
CASE Data Transmission:
Data Transmission();
STATE = Sleep;
BREAK;
CASE Data Save:
IF(FinalData() == TRUE) THEN
STATE = DataTransmission;
ELSE
STATE = Sleep;
BREAK;

Fig. 7. Algorithm of State Transition Model for Polling and Interrupt.
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Table 4, Using Tools and Specification

No. Tools Spec.
1 Software Tool * JAR Embedded Workbench
2 Sensor Node * Cortex - M3, 512KB Flash Memory, 64KB RAM
L. » Zigbee Module
3 Communication Modules . RS-485 Module
4 Sensor * Dummy sensor(the number of sensors: 4)
5 Multimeter * HPM - 100A
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