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Abstract USN(Ubiquitous Sensor Network) application software has a characteristic that it controls a variety of
sensor nodes based on the various target operating systems. Accordingly, many researches for -efficient
development of USN application software are being performed. In this paper, the attributes design technique to
support attribute-based development of USN node software for multi-platform is proposed. In the proposed
technique, the method to design attributes for modeling Platform Independent Model and Platform Specific
Model is presented. When using the proposed technique, productivity of software development will be increased
because node software design for multi-platform is easily performed by selecting values of attributes. Also,
maintainability of software will be increased because node software is easily regenerated by changing attributes
according to the changes of operating systems.
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[Fig. 1] The concept of the attribute-based sensor network
software development for multi-platform
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[Table 2] Platform function extraction

Platform .
Function Nano-Qplus TinyOS

Scheduling

RF communication

Real Time Clock

Timer

Sensing(ADC)

UART

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
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[Table 3] Common attributes [Table 5] A part of platform-specific attributes for TinyOS
Common functions - Platform- ifi
Attribute Type atform-specific
and program elements " ® functions and program Attribute Type
Node name nodeName COM elements
Node identifier nodelD COM Kind of scheduler Scheduler (none, FIFO) PSS
Type of node nodeType COM Kind of RF RF (BasicMAC, Broadcast, PSS
Scheduling Scheduler_Enable PSS MultiHop)
RF communication RF_Enable PSS R.eal Time Clock Clock_Enable i)
Timer Timer_Enable COM TmySCC. . TinySec_Enable PS
ADC . IDC Enabl iDC (encryption/decryption)
(sensing) UAR;" naoe - Temperature  |Sensor_Temperature_Enable ADC
UART ART (none, printf, scanf, | cop Light Sensor_Light_Enable ADC
printf&scanf) Kind of —
EEPROM read/write EEPROM_Enable CcOoM sensor Humidity Sensor_Humidity_Enable ADC
LED LED_Enable CcOoM Pressure Sensor_Pressure_Enable ADC
Microphone Sensor_Mic_Enable ADC
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[Table 4] A part of platform-specific attributes for Nano-Qplus Schecer Encble e
Timer Enable Ztrue sensord
Platform-specific functions 8 UART I printf
and program elements AT Type
] Scheduler [Fig. 2] Setting of common attributes values for PIM design
Kind of scheduler (none, FIFO, PreemptionRR) PSS
Kind of RF RF (Simple, IEEE802.15.4MAC, PSS T e T
StarMesh) Association Permit Start Node 10
Default Extended MAC Addr sensorl
Temperature | Sensor_Temperature_Enable ADC Sefadtic do
Kind of |y, Sensor Light Enable ADC e T
sensor g —hight_ 15 PAN Coordinator Node
Humidity Sensor_Humidity_Enable ADC s ;Z‘ioumg First Node ID sensor2
Next Hop Routing Second Node ID
PAN coordinator or not | isPANCoordinatorNode ROU bodelD
Basic MAC address defaultMACAddr PS 3}’?”7 i e
Rf Channel
. e Scheduler
ID O.f association associationPermitStartNodelD, Jenx Datery Ete sersors
permission node iationPermitEndNodelD PS Sensor Gas Enable
(Start, end node) assoclationPermitEny ode. zzz::ﬁd;ya::h\e
Sensor Point Infra Red Enable
ID of next routing node | nextHopRoutingFirstNodelD, ROU S ThagGirs
(first, second node) nextHopRoutingSecondNodeID s
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Clock Enable

EEPROM Enable
Hardware Id Enable
LED Enable

Node ID

Node Name

Node Type

Pot Enable

Random Enable

RF

Scheduler

Sensor Humidity Enable
Sensor Light Enable
Sensor Mic Enable
Sensor Pressure Enable
Sensor Temperature Enable
Timer Enable

Tiny Sec Enable

UART

Watch Dog Enable
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4 sensor2
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[Fig.

4] Setting of platform-specific attributes values for
PSM design for TinyOS platform

void rf_send_pkt{void)
t

pEuEtP:[xndrx] .
indexs+r
pﬁu::::[mdex] -
inde:

counets

(BYTE) (0xFFa (int_daca>>8)) :

(BYTE) (0xFFaint_data) :

unsigned int crr_temp:
ine_data =

get_temperature_ade_rau_data()

= ({(int_data * 10001} * ADC_REF_¥CC) / 1024l):

geT_calibration_Tesp_date(LMel_SENSOR, crt_temp):
= (BYTE)TEMF_SEN3OR:

= (BYTE} {0xFFa (int_datas>8)} ;

pBuffer[index] = (BYTE) (0xFFaint_data):

indexs+:
countit:

Ant_data = get_humidity_fent_data():
pBuffer[index] = (BYTE)HUMIDITY_SENSOR:
index+;
pBuffer(index] = (BYTE) (0xFFé (int_date>>8))
indexst
pButfes[index] =
Andextr;
counta+;

(BYTE) (0%FF2int_data) ;

int main(void)

uined_t int_handle:

int_handle = thread_disable_inta{) s
initialize_nano_resources() ;
thiead_enable_ints (int_handle)

mlme_ll_link_start(NULL,zf_recv_data):
pthread_create (WULL,NULL,scare, (void *)0) 7
atart_threads():

retun 01
3

5] Generated source code of sensorl node software
for Nano-Qplus platform

[Fig.

Fig. 5% Fig. 33+ 0] 4413 Nano-Qplus 3141}
A EABHE AN wmse i ATES] 4 e

446

WojZe}. Fig 33 Zo] 4 M-S Falo] 54 294
Aol ez PSME AASHA, Fig. 59 2] 2 23714
7 AZSR: BES 230 £2E9 ] AES AEo
2 g3 5 ok

A B el AQkshe &4 A 78 of
B 4 7] AA MEYT wE AmEge] A
WS Al QTR BT B RelAs A A
T2 Nano-Qplussh Tiny0S A4 thahH 44&
MABE, HAT £4E TMOR 1S £XEolY 1
AASHE 2 BT, e &
GAAN A= e BALS 2 goto] v
o2 AN 4 9k

AgotAt sk AA LGAAF 9
H AL 4 4A 719g o

498 AR, AT S

=

o =
dg AAgskal =S

>4

HJ
I

11117} Zﬂ

715—011 A YELT S8 AZEYOE T wa
a7 $jgt o8] WHEe] AFE9lon, 7|Ee] W
FAA ZHES A% 3§ AZEQ O
7]—‘8}1 LZEO] A A] A9 o] T2
2 gljof she, ZHEL] 7o) HAEH =
EM ZHafoF itk A MR Utk
A9 AEE Es] $ste], E =
E%‘F'L%Ei o] ZPZo| o= Al HIEYA
= geRow sty 95k uos

A=
H}FH
P

O of
o

it r°1‘



AT = 2ZEYO] IS XYk £4 AA 71

€ U wgel TAHD A =
e Fsuich Auslolof stug, S 8
iEE%IOi% 3w Aue Bast ek Ay
9 olgstel choat ZRELS SIg A YES
58 izE%lOi Yu waEA AT 5 gonz
AN YESIT 3§ AmEYole] §
34 1 ek A4 HEYD A2 B8
o= PSP AL A VENR FE 9%
P 3§ AZEoIY §ARSIL Fastt At

_%]3_49_/\4

A YEgE BRE Wakk 4717
A8 EPF] F/1EH, 1] upe S48 AFSAL
A £42 PAste] Z7tskn sl 44 gl
MAS Folo] 8 ALEY] IES AYHT > 9

omg gAEAAe] Ak

References

[1] I. F. Akyildiz, W. L. Su, Y. Sankarasubramaniam, and

E. Cayirci, “A survey on sensor networks,” IEEE
Communications Magazine, vol. 40, no. 8, ppl02-114,
Aug. 2002.

DOI: http://dx.doi.org/10.1109/MCOM.2002.1024422

[2] M. Welsh, G. Mainland, “Programming sensor networks

using abstract regions,” In Proceedings of the 1st
USENIX/ACM Symposium on Networked Systems
Design and Implementation (NSDI’04), 2004.

L. Mottola, G. P. Picco, “Logical neighborhoods: A

programming abstraction for wireless sensor networks,”

—
w
[t}

In Proceedings of the 2nd International Conference on
Distributed Computing in Sensor Systems(DCOSS’06),
2006.

[4] S. Madden, M. J. Franklin, J. M. Hellerstein, “The
design of an acquisitional query processor for sensor
networks,” In Proceedings of the ACM SIGMOD
International Conference
(SIGMOD’03), 2003.
DOLI: http://dx.doi.org/10.1145/872757.872817

[5] L. Mottola, G. P. Picco, “Programming Wireless Sensor
Networks with Logical Neighborhoods: A Road Tunnel
Use Case,” In Proceedings of the 5th ACM International

on Management of Data

Conference on Embedded Networked Sensor Systems

(SENSYS07), 2007.

DOLI: http://dx.doi.org/10.1145/1322263.1322311
[6] R. Gummadi, O. Gnawali, R. Govindan,

programming wireless sensor networks using Kairos,” In

“Macro-

Proceedings of the 1st International Conference on

Distributed Computing in Sensor Systems (DCOSS’05),
2005.

[7] K. Lee, Y. Shin, H. Choi, S. Park, “A Design of Sensor
Network System based on Scalable & Reconfigurable
Nano-OS Platform,” In Proceedings of the IT SoC
Conference, 2004.

[8] J. Hill, R. Szewczyk, A. Woo, S. Hollar, D.
Culler,Kristofer Pister, “System architecture directions
for network sensors,” In Proceedings of the 9th
International Conference on Architectural Support for
Programming Languages
(ASPLOS), 2000.

[9] C. Han,

M.Srivastava,

and Operating Systems

R. Rengaswamy, R. Shea, E. Kohler,
“SOS: A dynamic operating system for
Third

Systems,

sensor networks,” In Proceedings of the

Conference on  Mobile
Applications, And Services (Mobisys), 2005.

[10] S. Bhatti, J. Carlson, H. Dai, J. Deng, J. Rose, A.Sheth,
B. Shucker, C. Gruenwald, A. Torgerson, R.Han,
“MANTIS OS: An Embedded Multithreaded Operating

System  for

International

Wireless Micro Sensor  Platforms,”
ACM/Kluwer Mobile Networks & Applications, Special
Issue on Wireless Sensor Networks, vol. 10, no. 4, pp.
563-579, 2005.

DOI: http://dx.doi.org/10.1007/s11036-005-1567-8

[11] A. Dunkels, B. Gronvall, T. Voigt, “Contiki - a
Lightweight and Flexible Operating System for Tiny
Networked Sensors,” In Proceedings of the First IEEE
Workshop on Embedded Networked Sensors (EmNets),
2004.

DOI: http://dx.doi.org/10.1109/LCN.2004.38

[12] L. Gu, J. Stankovic, “t-kernel: Provide Reliable OS
Support for Wireless Sensor Networks,” In Proceedings
of the 4th ACM Conference on Embedded Networked
Sensor Systems (Sensys), 2006.

DOI: http://dx.doi.org/10.1145/1182807.1182809

[13] Q.Cao, T. Abdelzaher, J. Stankovic, T. He, “The

LiteOS Unix-Like

Abstractions  for Networks," In

Operating ~ System:  Towards

Wireless  Sensor
Proceedings of the 7th International Conference on
Information Processing in Sensor Networks, 2008.

[14] A. Eswaran, A. Rowe, R. Rajkumar, “Nano-RK: an

resource-centric RTOS for sensor

Proceedings of the 26th IEEE

International Real-Time Systems Symposium (RTSS),

2005.

DOI: http://dx.doi.org/10.1109/RTSS.2005.30

[15] A. Kleppe, J. Warmer, W. Bast, The Model Driven

energy -aware

networks,” In




Fately ] 48e) A A5 A1S, 2014

Architecture: Practice and Promise, Addison-Wesley,
2003.

[16] “attribute-based programming,”
http://webopedia.com/TERM/A/attribute_based

programming.html

Z F Y(ul Kim) [8=2]

° 20064 29 : At EHY

(AFE T
[17] G. Wasson, M. Humphrey, Attribute-based programming e 20109 2¢ : A wErY
for grid services, In Proceedings of the GGF9 Workshop (e Farp

on Designing and Building Grid Services, 2003.
[18] “Visual C++ Attributed Programming Concepts,"
http://msdn.microsoft.com/en-us/library/zkwy014e(VS.80

e 2011 8 ~ @AY : ER|o}olg
GDSZIHE FAdA+d

).aspx
<ol
FHIHE A AT, dutE AAE, 28k Hid
0] £ Zl(Woo-Jin Lee) (M3 ¢
° 2002y 2¢ : st
(A EFI A
® 20079 29 : FAHStu
(AFER A

© 20009 39 ~ @A : AlETetL
CEE RELEAESEE

Tl

fulE s AFY, wae AFY, AzEgei A

(AFEFAAD
* 20041 29 : SAIfekaThsHel
(AF TP

e 2007d 39 ~ @A : gz

448




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


