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Abstract This paper proposes a development tool to efficiently develop node software for various operating system
platforms in a sensor network. The proposed tool consisted of several modules, such as writing graphical model
diagram, PIM and PSM design, code generation, and deployment file generation. Through the proposed tool, the users
can graphically draw a sensor network model and design the PIM and PSM of the node software by setting the values
of the predefined attributes. The source code of the node software is generated automatically from the PSM using
the code templates of the target platform. The deployment files for installing node software on each node are
generated automatically. The proposed tool helps the users to develop node software easily for a range of target
platforms, even though they do not have details of the low-level information for a sensor network.
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[Table 1] The functions of target platforms

BEOI | e Tiny0S

Function

Scheduling v

RF communication

Real Time Clock

Timer

Sensing(ADC)

UART

<< < |2 <<=

EEPROM read/write

Flash Memory read/write

<< < (<<=

LED

12C

Hardware ID access

WatchDog

Hardware potentiometer

<< <)==

Encryption/decryption

Utility function

< |<

System log function

Random number generator

Table 2+ EMA
A7) 9

E

[Table 2] Common attributes for PIM design

Common functions and Attribute
program elements
Node name nodeName
Node identifier nodelD
Type of node nodeType
Scheduling Scheduler_Enable
RF communication RF_Enable
Timer Timer_Enable
ADC (sensing) ADC Enable
UART  (none, printf, scarf,
UART printf&scanf)
EEPROM  read/write EEPROM_Enable
LED LED_Enable
Table 3& A4 W ES)Z 2EEG0le] PSM 47AS
213l A3k $2d 9] o2 Nano-Qplusl6] ZHE-S 9
&g welzt),

[Table 3] A part of platform-specific attributes for
PSM design for Nano-Qplus

Platform-specific functions

Attri
and program elements L

Scheduler

Kind of scheduler (none, FIFO, PreemptionRR)

RF (Simple, IEEES02.154MAC,

Kind of RI StarMesh)
Kind of Temperature Sensor_Temperature_Enable
nd o Light Sensor_Light_Enable
Sensor — —
Humidity Sensor_Humidity_Enable
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PAN coordinator or not
Basic MAC address
ID of association permission
node
(start, end node)
ID of next routing node
(first, second node)

isPANCoordinatorNode
default MACAddr

associationPermitStartNodelD,
associationPermit EndNodelD

nextHopRoutingFirstNodelD,
nextHopRoutingSecondNodelD

ol

[Table 4] A part of platform-specific attributes for
PSM design for TinyOS
Platform-specific functions

and program elements
Kind of scheduler

Attribute

Scheduler (none, FIFO)
RF  (BasicMAC, Broadcast,

Kind of RE MuitiHop)
Real Time Clock Clock_Enable
TinySec . .
(encryption/decryption) TinySec_Enable
Temperature Sensor_Temperature_Enable
. Light Sensor_Light_Enable
Kind of — .
censor Humidity Sensor_Humidity_Enable
Pressure Sensor_Pressure_Enable
Microphone Sensor_Mic_Enable
Aetahs Lol A, o]gldt mE AZE S A7
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T4 sensorl
ADC Enable Strue i
EEPROM Enable Etrue !
LED Enable Etrue b sensor2
Node ID 31
Node Name ' sensorl
Node Type 12 SENSOR X
RF Enable e o)
Scheduler Enable Etre A
Timer Enable Etrue 9 sensord
UART 2 printf

[Fig. 1] Setting of common attributes values for PIM design
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Fig. 1:> Table 29} o] AHE TE5EHH S 083t
A2 By Al2Ee] PIMS AAR dRS BojFEth
PIM 27 Aol 1o A] sensorl =5
EAE sk BE = gige]
443 ok

Adjacent Actuator Node ID Ho

Association Permit End Node 1D tio

‘Association Permit Start Node 10 L9

Default Extended MAC Addr =0 ¢ sensorl
Default MAC Addr E

EEPROM Enable Etue

Flash Memory Enable % false

Isdefault Extended MAC Addr Used Efabse

Is PAN Coordinator Node = false

LED Enable Etue /

Next Hop Routing First Node 1D o 1| 4 sensor2
Next Hop Routing Second Node ID Lo /

Node ID g1

Node Name i= sensorl

Node Type U SENSOR
RF

RF Channel

Scheduler

Sensor Battery Enable
Sensor Gas Enable

Sensor Humidity Enable
Sensor Liht Enable

Sensor Point Infra Red Enable
Sensor Temperature Enable
Sensor Ukra Sonic Enable
System Log Functions Enable
Timer Enable

UART

Utiity Functions Enable

& sensord

[Fig. 2] Setting of platform-specific attributes values for
PSM design for Nano- Qplus platform

Fig. 2= Table 39} 7o] A4 % Nano-Qplus Z#3%
9 FEE5E o83l TE #E Al=He] PSME
A HolEth oA = sensorl =200 U

=
=
=
o) ghe AAT As EO#%% l ojo} 2

Clock Enable o

EEPROM Enable Etrue -

Herdware Id Enable I fake e
LED Enable Etre

Node ID i1

Node Name = sensorl

Node Type 1 SENSOR

Pot Enable = false

Random Enable 0= false & sensor2
RF 1% MultiHop ;

Scheduler 'ZFIF0
Sensor Humidity Enable
Sensor Light Enable

Sensor Mic Enable

Sensor Pressure Enable
Sensor Temperature Enable
Timer Enable

Tiny Sec Enable

UART

Watch Dog Enable

& sensor3

[Fig. 3] Setting of platform-specific attributes values for
PSM design for TinyOS platform
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& touted & router * it
& semsentd & rnnrid
b et
4 roest & )
& wosentd
& renscrit P
‘Node ID 5o
Node Type £ SINK
LED Enable % true
Timer Enable 12 true
UART 12 prind

[Fig. 5] An example of the PIM design

Fig. 62 PSM= AAgt d& BolFt) PSM2 PIM
S AAsla, B ZPES AE3 o] dAE 5= ok
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ERREE REEEE

& roden & router! & it
+ senaoald 4 ol
& e
& reaed & wae)
& achmantd
& enacell & tenporl S
diacent Actuator Node 10 50
Association Permit End Node D oF ]
Association Permit Start Node 1D
Defauk Extended MAC Addr 12 0000004792633133
Default Extended MAC Addr Used = false
Default MAC Ad 1111

Flash Memory Enable 12 false
Kemel Debug Functions Enable 2 false
LED Enable 2 e
Next Hop Routing First Nods 10 i85
Next Hop Routing Second Node 10 3 1
Node ID 0

Node Type

NONBEACON Enable 2 true
PAN Cordinator Node Enable 2 true

Af Channel 125

RSS! Enable 2 false
Scheduler % PreemptionRR
System Log Functions Enable % false

Timer Enable % e

UART 12 prin
Utility Functions Enable 2 talse

Zighee AF 2 IEEEB02. 15,4MAC

[Fig. 6] An example of the PSM design
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<7xal versions"1.0" encoding="UTF-8"7>
<CONFIG_INFO>
<CONFIG_EEPROMN_I>false</CONFTG_EEPRON 1>
<CONFN FLASHMEN 1> false</CONFIG_FLASHMEN 1>
<CONFIG_TIIER J>
<CONFIG_DIGITAL_CLOCK I>falsec/CONFIG DIGITAL CLOCK 1>
</CONFIG_TIHER_I>
<CONFIG_UART_ID
<CONFIG_PRINTF_ID>true</CONFIG_PRINTF_I>
<CONFTG_SCANF_I>£al3e</CONFIG_SCANF_Ib>
</CONFIG_URT 15>
<CONFIG_ACTUATOR 1>
"<CONFIG_LED_I>truec/CONFIG_LED 1>
</CONFIG_ACTUTOR_I>
<CONFIG_STAR_MESH_NODE_TYPESROUTER</CONFTG_STAR_MESH_NODE_TYPE>
<CONFIG_ sTAR_IESN_DEFAUI.T RF CNMMEI.)ZS(/WNFN s‘m MESH_DEFAULT_RF_CHAMNEL>
<CONFIG_STAR_MESH_DEFAULT_APP_NODE_ID>100</CONFIG_STAR_MESH_DEFAULT_APP_HODE_ID>
<CONFIG_STAR_ESH_ADJACENT_ACTUATOR_NODE_ID>0000</CONFIG_STAR_MESH ADJACENT_ACTUATOR_NODE_ID>
<CONFIG_STAR_HESH_THIS_NODE_PAN_COORDINATION_ENABLE>true</CONFIG_STAR_MESH_THIS_NODE_PAN_COORDINATION_EHABLE>
<CONFIG_STAR_MESH_COORDTHATOR_TYPESHON_BEACON_ENABLEC/CONFIG_STAR_MESH_COORDINATOR_TYPE>
<CONFIG_STAR_MESH_DEFAULT_SRC_SHORT_MAC_ADDR>OXLLLIC/CONFTG_STAR_ESH_DEFAULT_SRC_SHORT_HAC_ADDR>
<CONFIG_STAR_MESH_ASSOCIATION_PERNIT_NODEID_START>101</CONFIG_STAR_MESH_ASSOCIATION_PERMIT NODEID_START>
<CONFIG_STAR_MESH_ASSOCTATION_PERMIT NODEID_END>195</CONFIG_STAR MESH_ASSOCIATION_PERMIT NODEID_EWD>
<CONFIG_RSSI_ID£alse</CONFIG_RSSI_ID
<CONFIG_UTILITY_ID>alsec/CONFIG_UTILITY 1>
<CONFIG_LOG 1D true</CONFIG_LOG_I>
<CONFIG_KEREL_DEBUG_H>true</CONFIG_KERNEL_DEBUG_I>
<CONFIG_APP_NAME>router100</CONFIG_APP_NAKE>
<CONFIG_AUTHOR_NAIE>Woo3in Lee</CONFIG_AUTHOR_HAIE>
<CONFIG_ADDITIONAL_INCLUDES~1.</CONFIG_ADDITIONAL INCLUDE>
<CONFIG_ADDITIONAL_LIE>-1qplusn</CONFIG_ADDITIONAL LIB>
<CONFIG_CONPILER_FLAGS>-DQPLUS_N -DATMEGAL28</CONFIG_CONPILER_FLAGS>
</CONFIG_INFO>

[Fig. 7] An example of the generated configuration
information
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void rf_recy_data(ADDRESS *srchddr, INTS nbyte, BYIE *data)
«

route_t route;

BYTE %org_pkteNULL, packet_type;

UINTS i

packet_type = (BYTE) (data[1]);

if (packet_type == SENSOR DATA_PACKET)

org_pkt = data;

else it (packet_type == TIDIRECT_PACKET_TRANSHIT)
¢

1 = decode_indizest_packet(data, axoute) ;
org_pkt = sdate(1];

fendit

#define LIGHT_LANP ~ ACTUATORO

#define GAS VALVE  ACTUATORL
HATH_LANP_STATUS=TURN_OFF

BVTE  WATN_GAS_VALVE_STATUSSTURN_OFF:

nlde_node_incomning_data_indication(org pkt):
void  nlde nede_fncomming deta_thdication(SVTE *data); )

vod Tstart{veid Targ):

vod Tef_nee_seheduliag(vosd *arg):

void rf_tecy_cata (NDRESS SercAddr, INTS mbyte, BYIE *date):

void *rf_send data (wid farc): void Tstare(void Targ)

int nainfvoid) pthread_attr_t attr;
(

uints_t it handls; attr.schedparan. sched priority =

10t handle - chread_disatle_tats(); pehread_create (WULL, éater, £ _net, :cheduunq (void *)0);

initialize nano_xzsources();
theead_ensble_ints{int_hendle) ;

mlne 11 link_starc(MULL,xf_recy data);
praread_create (WULL,WULL,start, (void 1)0) ;
stare_threads();

attr.schedparan. sched_priority =
pehread_create (WULL, éater, rf _: und data, (void 10);

retum WULL;

retumn 0;
)

[Fig. 8] An example of the generated source code of a
node software
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[Table 5] The comparison of the proposed tool with
other tools for the development of sensor
network software

ero Mote Nano TinyOS | Proposed
Framework ‘Wokrs Esto Plugin Tool
(&3
Language C# nesC C nesC nesC,
etc
Target NET Various
oS Micro TinyOS | NanoQplus | TinyOS N
0S
Platform | Framework
Execution . . windows | windows | windows
. windows | windows . . .
Environment Linux Linux Linux
Graphical Not Not Not
Modeling Support Support | Support Support | Support
Automated
Code . Not . Not Support | Support | Support
N . Support Support
Generation
Design level node node node node | network
Number of
software one one one one man,
designed at a ol
time
Design one Hone point-and- | Compone | attribute
method click nt graph | setting
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