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Quantitative Evaluations of
Problems in Single-Core Wireless Sensor Nodes

SOTARO OHARA,! MakoTo Suzuki, !
SHUNSUKE SARUWATARI, T MASATERU MINAMIT!
and HIROYUKI MORIKAWA !

This paper shows a multicore sensor node can eliminate a task scheduler,
and reduces power consumption and task execution delay, which are problems
in an existing single-core sensor node. To quantify the power consumption and
the task execution delay, an experimental evaluation run various services on a
wireless sensor node. The evaluation result shows that it is difficult to reduce
power consumption and task execution delay at the same time because there is
a trade-off between them. Additionally, to validate feasibility of the multicore
sensor node, the task flow analysis on software in wireless sensor networks is
conducted. The analysis result shows that we can estimate a number of required
cores to implement the software on a multicore sensor node.

1. 0000

000000000000 0000000000000000000000000000
0000000000000 0000000000000000000000000000
0000000000000 0000000000000000000000000000
ooooooooooof?

00000000000 000000000D000000000000 Tiny0SODOO
0000 CPUODOOOOOOOOOOOOOODOOOOT TinyOSY™ 0000000
000000000000 0000000000000000000000000 run-to-
completion 000 0D00Tiny0OS 000000000000 O0ODODODOOOOOOO0O
0OCPUODOODODOOOODODODODODOOOOODOONDONOOOOOOOOO
0000000000000 000D000000000000000000000 MICA
mote 0000000000000 DO0DOOOODOOODOOOODOOOOOON
000000000000 000O0 CPUDODOOODOO

TinyOSOOOOOOODO0O0O00O00000OD0O000000000000000000
000000000 200000000001 0000000000000000000
0000000000000 CPUDOOOODOOODDOODODOODONOOCPUDO
0000000000000 000000000000000000000000000
000 TinyOSOOO00D0DO FIFOO First In First OwtD 0 000000000000 0OD
103cycle 0000000000000 DOD0DOOOODOODOOOONODOOOOO0OO
000D CPUDODODODOOOOOODODODODODOOONONONOONOong
0000000103 ¢ycle00000000000000O0O0D0O0O0O0ODOOOMTS300Y
000000000 TinyOSOOOODOD0DO0DO0DO0000000 160 cycle 0000

20000000000000000000000000Tiny0SO0000000 FIFO
00000 CPUODODOOOOOOOOOOOODODODODODOOONOOOOO
00000000000D000000000000000000000000000000
0000000000000000000 CPUDOODODO Tiny0SODOO0OOO0OO0DO0O

t1000000o0Dooooo0oo0o
Research Center for Advanced Science and Technology, The University of Tokyo

(© 2009 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

goobooooooboooooboooooooooboobooooooOboOg FFTOOODO
gobooobooobooooooobooooorFFTo0OOoOOO0OoDbOOODO
gobooobooobooooooobboooo

goboboooooooooooooooooobooboooooooooooooooon
goooobooooooobooooooooooobooooooooooboooooooboo
gooooooooooooooobooooooboboOooooooooboooooDooboo
gdoooboooooooooboooobooooooooobooboooOoooooo 1000
o00 ceUOOODOOOOOOOOOOOOOOOODOOUOOOOOOOOOUOODOOO
gooooboobodoooooooobooooobOoOoO0oboooooobOobOoOooobooDoboo
ooboooobooobooooooobooooon

goboboooooooboooooooooooooOoboooooooboobocoooooooboo
gbooobooooooooboobobooobooooooobOoooobOooooDo
CPUOMulcoDOOODOOODOOOOOO0O0O00O0OMulccdO000O0ODODODODOODOO
OcpUOO0OOOOO0O0O0O0O0DODOOOOOODOODOOOOOOOOOOO CPUOOO
goooooooooooooooooobooo 2000000000000 OooODOObO
oooooOOoOopooODO00000go cepUOOOOOOOOOOOOOODODOOOOOO
gooooOOoOoO00oOooOOOOO0OO00OoOoOoooooooooooOo cpUbDOOOOO
goobooooboooooooobooo

gooopooooooOoOoOOOO0O0 200000000000 CpPUDDOOOOOOO
oooo0OOoOoOo0oOoOosgooo20000foooooocpvgooooooooOoO
oooD0o0oO0oooDO0o00ooOooooOo400oooooooo cpUOOoooOoOO
000oo0o00oo0o00oO0oo0o0oo0ooooooooooo cpUOOOOOOOO
00000oo0o000oocpUOOOOODOOOOODOOOOODOOODDOOOOR00
00000oo0o00oooo0o0ooooo cpUOOOOODOOOOOOODOOO 6.0
goooooo

2. 00OoobOooooboo

2.1 OOOOOCOOOO

O00oo0o0ooo0ooOoUooOo0oooooOo0ooOooooooooooO CcpUuDO
00000000000 TinyOSOOOOOOOOOOOOODODOOOOO

00o0oo0ooooocpUO00OOOOOoOoOoOoOoOoOoOoooooooooooooo

Vol.2009-UBI-23 No.6
2009/7/16

01 000000000000000n0 ceu
CPU

Node Developing Group

Micaz UC Berkeley (US) ATMEL
BT node ETH Zurich (Swiss) Atmegal28

TerosB UC Berkeley (US) Texas Instruments
BSN node Imperial Collage London (UK) MSP430
PAVENET University of Tokyo (Japan) Microchip PIC18F4620

goboooooboo0ooOooDOoOooOoooOooOooUobOoOooooOoDOoooODOoDO
0000000000 000o0oo00o0o0ooooooooooooooooogoon CpUO
0100000 100o0o00oooooooooDbooo00ooooooooDDooo
O00o0ooooogog 8wt CPUOOOODODDODODODOOOOOOOOOUOOOOOOOOU
goo0obooOooO0oOooooDoo0OoOoboboOoOo0ooOooOoboOoOOUUobDDbooOoo
O00Pak00O00O00O00O00O0D0OO0OO07000000000000O00O00O00OC
o000 200 pPICI8O00D0OOO0OOO0ODOOOODOOOOOOODO

goooodbooooO0oboUoO0bOoU0oUooDODoUooOUDoUobDOoooOooo
gooooocpUODOO10000000DODOO0OOOOODODOOOOOOOOODD
00000000oOo000ooo0o0ooo00oooooooogOon TinyOSOOOODDOO
TinyOSOODOODOOOOO0ODOODOOO0OODOOOOOO0ODOODOOOODOOOOOOOn
0000000000000 00000DO0O000000O0DO0DOO00000Oo0ODO0O0
0000o00ooooooooooo

TinyOSOOO0O000000000OOODODOODODO SchedulerBasicP'® 0000000
000000000 10000TinyOSOOOeventd task0 200000000000
O000000D0O0 task 000000000 DOODODODOODODOODOOevent0ODO
OooDDOO0O0D0O0O0 eventOtask DO 0O0O0OOO0OOOOOOOODDDODODOOOODOO
0000 task O preemption D00 0task 0 event D00 task OO0 000000 OODO
000000000 non-preemptive 00000000 OCCOOOCPUDDOOOOOOO
O0O000o0ooboo0obODODOOCOCO0O00UOCbOOU eventOO0OOOOOOOODDOOO
event U0 task OO0 0OO0ODOOOOO0O0DOOpest0OODOOOOODOOOOODDOOO
OO0 FIFOU task O0O0O0O0OOOCOOOCOCOrww0 000000000000 OO0O0OO
0000000000000 000o0o0ooocCcpPUOOODODOOOdSchedulerBasicP
OO0 taskO post D00 run 00000 103 cycleD00OO0OODOOOOOOOODO
OO0 task 00000000 DODOOOO CPUODOOOOOODODOODO 20 cycleO OO
OO0MicaZ® 000000000 7.37 MHzO0OOOOO 140 usU2.7 ps OO O OOO

(© 2009 Information Processing Society of Japan



oooooooooo
IPSJ SIG Technical Report

Interrupt ( Timer, RFM, SPI, USART etc.)

TaskID = 38
---------------------------- TaskiD=9
- TaskID =6

TaskID = 38

TaskID=3
cPU X

01 TinyOSOOOODOODO

22 0O00OO0OO0OO0O0OOOOOOOODO

oooooOo CcpUD TinyOSOOOOOOOOOOOODOODOODOOOOOOOOO
gboooboooob 200000000001 000000000O00OOOODOODOO
O0000oooOo0oooooooo cpUOOOOOOOOOOOOOOOOOOOOO
103 cycle 0D OODOODODOOOOOOODOOOOOOODOOOOOOOShnayder0 000
0000000000 Mica20O0O0OOOOOOOODOOOOODOOODOOOO CPUOO
oo0o0O0o0oooO0o0ooO0O0booDO0O0boO00obooOO00oocpPUODDOOODBDODO
000000000 28% 008 %0000050% 000000000000%0000
gocpUDOOOODODOOOOOOOOOOOOOOOOOOOOOOOOOOOOO0O0
goboooboooooooooo

2000000000DO000O0O0DOODODODOODOODOOOOODOOODO 2000
gol1oooooooooooobooo0ooooooooobo0oobD 4opusDnoOOO
ocoooooboooooobooooooboO0oooobOob2b0b000O0OO0Ob0O0OO0OODOOOO
post0000000CCOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
ocoooooboob200000000O0O0OOODOODODOOOOOOOOOODOOOOO
gooooboobooooobooboboooboooooooooooooooooono
gboodbooobodooooboooobooboooooooooobooboooooDo
gooooooooboooodooooooboooooboOobooooooobooboOoooooboo
000000000000000000000000000000Y 000 Tiny0SO00
gooooobooooooooobooooooobooOooboboooboooooboOobOooooDooo
goboooooboooobooboooo

ooooooooocpUOOOODOOOOOOOOOOOOOOOOODOODOOOOO
gooobobooooooobooboooobooooobooooooooooocOooooooboo
goooooooooooooooboooooooooooooooooooooooDooboo

Vol.2009-UBI-23 No.6
2009/7/16

command void Scheduler.taskLoop(){
for (5;)1
uint8_t nextTask;
atomic{
while ((nextTask = popTask() == NO_TASK){ID 10
call McuSleep.sleep() ;I 20
}
}
setTaskIDStart (nextTask) ; (I 30
signal TaskBasic.runTask[nextTask] () ;I 40
setTaskIDStop (nextTask) ; (I 50
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[1 2 Sense[1M0T[]

TaskID Task Number of Times CostO psO
0 AlarmToTimerC/0/fired 194 59.1
1 VirtualizeTimerC/0/updateFromTimer 291 57.0
2 ArbiterP /0/granted Task 97 37.1
3 ArbiterP/1/granted Task 97 30.0
4 ArbiterP /2 /granted Task 0 —
5 PowerManagerP /0/start 97 31.3
6 PowerManagerP /0/stop 97 21.7
7 PowerManagerP /1 /startTask 0 —
8 PowerManagerP /1 /stopTask 0 —
9 PhotoTempControlP /0/stopDone 97 23.7
10 PhotoTempControlP/1/stopDone 0
11 ArbiterP/3/granted 97 28.0
12 AdcP /acquiredData 97 42.3

Average 42.0
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[1 38 MultihopOscilloscope 1111

TaskID Task Number of Times
1 AlarmToTimerC/0/fired 844
2 VirtualizeTimerC/0/updateFromTimer 1298
3 ArbiterP /0/granted Task 381
4 ArbiterP/1/granted Task 381
[§] PowerManagerP /0/startTask 381
7 PowerManagerP /0/stopTask 381
10 PhotoTempControlP/0/stopDone 380
12 ArbiterP/3/granted Task 381
13 AdcP /acquiredData 381
16 CC2420CsmaP /sendDonetask 78
23 CC2420ReceiveP /receiveDonetask 78
24 CtpForwardingEngineP /0/send Task 153
27 CtpRoutingEngineP /0/updateRouteTask 6
28 CtpRoutingEngineP /0/sendBeaconTask 1
29 SerialP /RunTx 307
33 SerialDispatcherP /0/signalSendDone 153
37 UARTDebugSenderP /send Task 154

4 MultihopOcsilloscope [ [ 1]

InterruptID Interrupt Number of Times

7 External Interrupt 6 231
11 TIMER2 Overflow 535
12 TIMER1 Compare Match A 159
14 TIMER1 Overflow 16

15 TIMERO Compare Match 844
17 SPI Serial Transfer Complete 1081
20 USARTO0 TX Complete 3382
21 ADC Conversion Complete 381
29 TIMER3 Overflow 522
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