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Abstract A programming model for ubiquitous sensor network (USN) applications based on
Nano-Qplus is proposed. USN applications mean programs of nodes which are components of sensor
network such as sensor, router, sink and actuator. Developers can automatically generate programs of
USN applications by setting attributes values of nodes using a script after they model a sensor
network. A script for setting attributes values of a node is proposed in this paper. The algorithm of
automatic code generation is also described. Developers can easily implement USN applications even
if they do not know details of low-level communi}:ation, data sharing, and collective operations because
the applications are automatically generated from a script. They set only attributes values of nodes
using the script. Efforts for USN applications development also are reduced because of automatic code
generation. Furthermore, developers can correct errors of applications in the early stage of development
through early test based on rapid code generation.
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void *start(}; void *start();

void *rf_net_scheduling();
vold r{_recv_data ();
vold *ef_send_data ();

void *rf_ret_scheddting();
void rf_recv_data ();
void *rf_send_data ();
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Templet Transformation{Config_info config_info) {
templet = getTempiet({config_info.NODETYPE):
templet.setAttribute(config_info.Attribute):

HashTable_Module hashTable_Module = new HashTable_Module();
HashTable_Main  hashTable_Main = new HashTable_Main(};

/! HashTable_Module<NODETYPE> & &
hashTable_Module.setType(config_info.NODETYPE):
/1 2 typelll fk2t config_infolll S8 IEE 4
lterator iterator = Parser.getiterator(conifg_info):
while( iterator.hasNext() ) {
templet.addHeader(
hashTable_Module.getHeader( iterator.ModuleName ) )
templet.addData(
hashTable_Modute.getData( iterator.ModuleName ) );
templet.addFunction(
hashTable_Module.getFunction( iterator.ModuleName ) ) ;
templet.addMain(
hashTable_Main.getMain( iterator.ModuleName ) );
iterator.next():
1
}
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public class HashTable_Module{
private Hashtable moduleTabte;

String nodeType = ";

private final String HEADER = "H";
private final String DATA = "D";
private final String FUNCTION = "F";
public void setType(String nodeType) {

moduleTable = new Hashtable();
int size = moduleKey.length;
String templetModule = *";

this.nodeType = nodeType;
for(int i = 0; i < size; i++) {

¥

public String getHeader(String moduleName) {

public String getData(String moduleName) {

public String getFunction(String moduleName) {

}

return templetModule;

%

private String[] moduleKey = {"Zighee_Simple", "Zighee_MAC","Zighee_MAC_StarMesh", "Scheduler_FIFQ", "Scheduler_PreemptionRR",
"Sensor_LIGHT","Sensor_GAS","Sensor_Temperature};

TempletHashTable templetTable = new TempletHashTable();

templetModule = (String)templetTable.get(moduleKey[il);
templetModule = templetModule.replacefirst("&1", nodeType);
moduleTable.put{moduleKeyfi], templetModule);

return getReplaceModule(moduleName, HEADERY);

return getReplaceModule(moduleName, DATA);

return getReplaceModule(moduleName, FUNCTION);

public String getReplaceModule(String moduleName, String value) {
String templetModule = (String)moduleTable.get(moduleName);
templetModule = templetModule.replaceFirst("82", value);
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Nano-Qplus 7]%Fe] USN $-& =218y 24

T 1 'nable Flash memory module (NEW)
i*] :nahle Timer module
T 1 ‘nable Digital clock module (NEW)
i [%1 tnpable UART module
[») ‘nable printf module (NEW)
(38 ] nable stanf module {NEWY
=] inable actuationfe.g.,Relay,LED....) aodules
I]  nablo LED moduls <NEU> )

dule CNEWY L T

L. ) .nable ABC ov Sensor
‘cheduler module
‘1P0 scheduler (NEW}

“voenption-RR schedules CHEW

TRABIEEighes’ KEURSEHIS o SINK =0
‘nable Simple Send/Recv module (NEW

nable IEEE 882.15.4 MAC module
le

(SINK> Nide type?CSINK,ROUTER,...> CNEW)
Reo> refault Application Nede 1D?
1> ‘djacent Acutator Node 1D?
| (TRUE> s it PAN Cordinator node?(TRUE/FALSE) (NEW
{ (NON_BEACON_ENABLEY N:N_BEACON_ENABLE or not? CNEW)'
C@xii1i> JEFAULT SRC_SHORT_MAC.ADDRY ‘
¢ the DEFAULT_EXTENDED_MAC_RDDR used? CNEY
+SSOCIATION, PERNIT_NODEID_START? ¢
T_NODFID ENR?

i Enable Inter-Thread-Comnunication (NEW)

Preemption-RR
Scheduler selected !

Star-Mesh Router Selected |

PAN Cordinator = TRUE
Adjacent Actuator = 1

Default MAC ADDR = Ox1111
Association Range = (1..99

¥ 13 43 =29 23YE &4 44 o

)

#

# ETRI-5SN(or MINI) Menu

#

# CONFIG_EEPROM M is not set

# CONFIG_FLASHMEM M is not set

CONFIG_TIMER M=y

# CONFIG_DIGITAL_CLOCK M is not set

CONFIG_UART M=y

CONFIG_PRINTF M=y

# CONFIG_SCANF M is not set

CONFIG_ACTUATOR_M=y

CONFIG_LED M-y

# CONFIG_ADC M is not set

CONFIG_SCHEDULE M=y

# CONFIG_FIFO_M is not set

CONFIG_PREEMPTION_RR_M=y

# CONFIG_PWM M is not set

CONFIG_ZIGBEE_RF_M=y

CONFIG_ZIGBEE_M=y

CONFIG_IEEE_802_15_4 MAC M=y

CONFIG_: STAR ] . MESH_] ROUTE =y

CONFIG_STAR_MESH NODE_TYPE="3INK"

CONFIG_STAR MESH_DEFAULT RF_CHANNEL="25"
CONFIG_STAR_MESH DEFAULT APP_NODE_ID="0"
CONFIG_STAR MESH ADJACENT_. ACTUATOR _NODE_ID="1"
CONFIG_STAR_MESH THIS_NODE_PAN_COORDINATION_ENABLE="TRUE"
CONFIG_STAR MESH_ CIJORDINATOR TYPE="NON_BEACON ENABLE"
CONFIG_STAR_MESH DEFAULT_SRC_SHORT MAC_ADDR="0x111l"
# CONFIG_STAR_MESH_USE_DEFAULT_EXTENDED MAC_ADDR is not set
CONFIG_START MESH_ASSQCIATION_ PERMIT NODEID START="1"
CONFIG_START MESH_ASSOCIATION PERMIT_NODEID END="39"

# CONFIG_RSSI M is not set
# CONFIG_ITC_M is not set ‘/
# CONFIG_UTILITY_M is not set

CONFIG_LOG M=y
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#include <ic.h> void rf_recv_data(ADDRESS *srchAddr, INTS nbyte, BYTE *data)
#include <string.h> w { Loute © route:
ﬁ?nclude <stdlib.h> = BYTE ;ozg_p):uNULL, packet_type:
#include <progmem.h> UINTS i;
#include <interrupt.h>
#include <sig-avr.h> packer_type = (BYTE) (data[l]):
#include <pgmspace.h> .
#include "config.h" Tt (packet_type == SENSOR_DATA_PACKET)
#include "sig-gplusu.h” org_pkt = dava;
#define TURN_ON_DEBUG else if {packet_type == INDIRECT_ PACKET_TRANSHIT)
$ifdef STAR_MESH_ROUTE {
BYTE  NEXT HOP ROUTING FIRST NODE=0; 55 i = decode_indirect_packet(data,sroute):
BYTE  NEXT HOP_ROUTING_SECOND_NODE=D; ) org_pke = edata[i):
#endif
#define LIGHT_LAMP ACTUATORO nlde _node_incomming_data_indication{org_pkt):
#define GAS_VALVE  ACTUATORL }
BYTE HAIN_LAMP_STATUS=TURN OFF:
BYTE  MAIN GAS_VALVE_STATUS=TURN_OFF:
==
5 i *sta i@
void nlde_node_incomming_data_indication(BYTE *data}; void tatart(void *arg)
void *start(void *arg): pthread_attr_t attr:
void *rf_net_scheduling(void *arg):
void rf_recv_data (ADDRESS *srcAddr, INTS nbyte, BYTE *data): attr.schedparen. sched priority = 2;
void *rf_send data (void *argy): pthread_create (NULL,sattr,rf _net scheduling, {void *)0):
= - - attr, schedparan. sched_prioricy = 1; R
int main{void) pthread _creete(NULL, sattr,rf_send_data, (void *)0):
{
uint8_t int_handle; return NULL:
}
int_handle = thread_dissble_ints(); el
i - ol ‘ woid nlde_node_incomming data_indication(BYTE* data)
initialize_nano_resources{); ~ {
thread _enable_ints(int_handle}; BYTE packet_type:
nlme_11 link start(NULL,rzf_recv_data); BYTE index;
pthread_create (NULL,NULL,start, (void *)0): BYTE sensor_nc, sensor_type;
start_threads(); UINT16 i, int_data;
packet_type = (BYTE)(data[l]):
return 0; sensor_no = (BYTE) (data[2]):
) = ~
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