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Abstract: We design and implement a RTT (Round Trip Time) based TCP (Transmission Control Protocol) for USN
(Ubiquitous Sensor Network). We adopt a basic update algorithm for window size from FAST TCP that uses the queuing delay
at link as the congestion measure. The designed TCP estimates the queuing delay at link from the measured RTT in the
network layer, and updates the window size based on the estimated queuing delay. The designed TCP allows to utilize the full
capacity of USN links and avoids the waste of the given link capacity that is common without the flow control in the transport
layer. The experiment results show that the window size of the sender converges within a small range of variations without any
packet loss, and verify the stability and performance of the designed TCP.
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Fig. 1. Network structure of TinyOS.
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Fig. 2. TCP applied network layer structure.
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IF ( RTTenp < RTTstart )
RTTrorar = Variable’s Limitation Value
- RTTsrarr + RTTenp
ELSE
RTTrorar = RTTstart - RTTewp

I¥ 3. RTT &H oA Z=
Fig. 3. RTT estimation pseudo code.

/IRTT Setter
command void setRtt(uint16 _t rtt);

//IRTT Getter
command error t getRtt(uintl6 t* rtt);

O% 4. RTT 3 A% 9 B o) 3= 93,
Fig. 4. Store and load function prototypes for RTT value.

//Rtt Start Time
RttStart = call Timer.getNow();

19 5. RTTSTART # A% &
Fig. 5. Store code for RTTSTART value.

if(ackPending && call
PacketAcknowledgements.wasAcked(msg))
{
RttEnd = call RetxmitTimer.getNow();
if (call RootControl.isRoot())
call Ctplnfo.setRtt(0);
else if ( RttEnd < RttStart )
call Ctplnfo.setRtt(OXFFFF - RttStart + RttEnd);
else
call CtpInfo.setRtt(RttEnd - RttStart);

else

call Ctplnfo.setRtt(OXFFFF);

19 6. RTT & A&= 91t 78 2=
Fig. 6. Implementation codes of RTT value store.
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components new QueueC(message t, 20) as TQUEUE;
MVizC.TQUEUE -> TQUEUE;

19 7. TCP A4,
Fig. 7. Setting of TCP queue.

interface Queue<message t> as TQUEUE;

19 8. TCP F IE|H o] 2~
Fig. 8. Interface of TCP queue.

event void Timer.fired() {
o 7Y
if(call TQUEUE.empty())

return;
sendbuf = call TQUEUE.head();

if (call Send.send(&sendbuf, sizeof{local)) = SUCCESS){
sendbusy = TRUE;

}
else
report_problem();
- I
}
%9, WA A% Eolle) 5

Fig. 9. Operation of packet send timer.
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event void TQueueTimer.fired() {
- IR
for( 1 = call TQUEUE.size() ; i < qwnd ; i++ ) {

if (call Read.read() = SUCCESS)
fatal problem();

memcpy(o, &local, sizeof{local));
call TQUEUE.enqueue(sendbuf);

}

Z1910. TCP 7 Efol™] &3
Fig. 10. Operation of TCP queue timer.

event void Send.sendDone(message t* msg, error t error) {

- 1R
call TQUEUE.dequeue();

rtt = call CtpInfo.getRtt();

if ( baseRTT > rtt && 1tt =0 )
baseRTT = rtt;

avgRTT = (avgRTT + 1tt)*10;
avgRTT = avgRTT / 20;

temp = new _wnd * baseRTT / avgRTT;

new_wnd = temp + alpha * 10 - new_wnd;

new wnd = new wnd / 2;

qwnd = new_wnd/10;
}

I 11 A= Afol2 JHo|ES] 74,
Fig. 11. Implementation of window size update.
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Table 1. IRIS specification.

IRIS H/W Spec.
Model XM2110CA
MCU ATmegal281
Radio Chip IEEE 802.15.4 RF Transceiver
RAM 8K bytes
Freq. Band 2.4 ~ 248GHz
TX data rate 250 kbps
S/W Spec.
Version TinyOS 2.X
Library MViz

20 / vvvvvvvvvvvvvvvvv

15

0 ——TCP B E S
/ / —.-Tcr HE

5 y

01 2 3 4 56 7 8 910111213 14151617 181820

T AHD| Z(pla)

Al{Hsec)

¥ 12. TCP BI85} o]l & FF Abo] =,
Fig. 12. Queue sizes without TCP and with TCP.
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