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ABSTRACT

In this paper, the conventional anti-collision algorithms, such as Channel Monitoring algorithm and Pulse Protocol
algorithm, are analyzed. To decrease tag identification time, and increase system throughput and efficiency, we propose
a new reader anti-collision algorithm, Pulse Protocol-based Hybrid Reader Anti-collision Algorithm, using Slot-
occupied Probability under dense reader environment. The proposed algorithm uses Slot-occupied Probability to
improve the performance of Pulse Protocol Algorithm. That is, A reader checks Slot-occupied Probability after generating
random backoff time. If Slot-occupied Probability is greater than O, it uses another new random backoff time to
avoid reader collision. We also compare the performance of the proposed algorithm with those of Channel Monitoring
and Pulse Protocol algorithms in respect of identification time system throughput, and system efficiency. Simulation
results show that the proposed algorithm has an increment of 5% of identification time and system throughput as

increasing the number of readers.
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3.1.1 DCS(Distributed Colorwave Selection)

DCS+= #ltlEe] &gt =719 ZH ] WellA 3}
o] &g Aldsle] goE At AR
A 2] F55 WASks 7Weltk DCSE AMS3h=
= S50 WA, Aol ARSI &3 91A
T WAsa, =Y 7ol WAEA] s Al
2Rl & SAE AR, the ZaElelAe] &
= 7FsAE &4k

DCSE o7} AHeske ZHgle] =77 3A4H
o] glema Feo]| Zhdsirhe AAE 7Ick 1
v 2] o] Wzt wet =]l 2v]E WAT 5
97] wlEel Bt 71 wdshe ¢ njagde
FARcs o] itk

a3 3 DCSY| YAtzES vepfla gl

3.1.2 Colorwave

DCS+ =tie] =Hsl =77} aA=e] glem=
TS o= Blrle] ot Wskshs A s
2 oS3 5 glvks wAE 7R ik o] EAE
sAsl] 2] S5 il ul=t 7 goEe] Al
o] =Y =715 WA 4 2= Colorwaves AIgt
=Hlek ol FE EEolat A At Bt st
Agst &0 34E 4vigt) Colorwavedlld] %=
=5 ©ol A Y= 21 =AY ZE S
7WA71a, Tl A AR Y Blvle =
2715 A o] WS olgslwl FES Hol
ZA¥shs 2lvl= ARl Color Alele] 7HAE F7}
AA =Y 25 24 3, Y] Sl
Color 71| 7¥AS Fo] &% °l83h= 71815 H

>

DCS Subroutine 1 - Transmission

If (timeslot_ID % max_color) == current_calor
-then transmission
-else idle until (timeslot_ID % max_color) == current_color

DCS Subroutine 2 - Collision
If attempted transmission but experienced collision
-current_color = random (max_color)
-broadcast the information stating new color
DCS Subroutine 3 - Collision resolution
If the information received stating current_color
-randomly change to different color within max_color

17 3. DCS daEE

989

www.dbpia.co.kr



g2 A8} 3] 3= %-4] °08-10 Vol. 33 No. 10

Colorwave Subroutine 1 - Color change
If collision probability is past SAFE threshold AND time spent
in current max_color exceeds min_time threshold
-Change max_color up or down cne
(depending on threshold exceeded)
-Next iteration, broadcast new max_color
Colorwave Subroutine 2 - Collision resolution
If the information received stating current_color
-Change to random color within max_color OTHER THAN
current_color
If the information received stating change to new max_color
AND collision probability is past TRIGGER threshold AND
time spent in current max_color exceeds min_time threshold
-Change max_color to received value of the information
-Next iteration, broadcast the new max_color
ALL DCS subroutines are also in use

2! 4. Colorwave &i2]&
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Enhanced Colorwave Subroutine 1 - Color change
If callision probability is past SAFE threshold AND time spent
in current max_coler exceeds min_time threshold
-Change max_calor up or down one
(depending on threshold exceeded)
-Next iteration, broadcast new max_color
Enhanced Colorwave Subroutine 2 - Collision resolution
If the infarmation received stating current_color
-Change to random color within max_color OTHER THAN
current_color
If the information received stating change to new max_color
AND current max_color is smaller than received max_color AND
time spentin current max_color exceeds min_time threshold
-Change max_color to received max_color
Enhanced Colorwave Subroutine 3 - Keeping the Stability
If the max_coler decreased AND collision probability rapidly increased
-Dubbles min_time before the max_color changes
All DCS subroutines are also use

2! 5. Enhanced Colorwave %i2]&
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Proposed Algorithm Subroutine 1 - Transmission
If (timeslot_ID %max_color) == current_color
-Then transmission
-Else idle until (timeslot_ID %max_color) == current_color
Proposed Algorithm Subroutine 2 - Collision
If attempted transmission but experienced collision
-Current_color changes to a new color having the minimum
occupied probability
-Broadcast the information stating new color
The rest of the proposed algorithm is the same as
the Enhanced Colorwave
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2:
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1:
2:
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1
2
3
4:
5
6
1
2
3:
4
5

1:

CASE: Receive packet from application to send on the network

if state = IDLE then

state = WAITING

Set waiting_time_expired timer to Tmin
end if

CASE: Control channel becomes busy

if state = CONTEND then
Pause contend_backoff expired timer
end if
if state = DELAY_BEFORE_BEACONING then
Pause delay_before_beaconing expired timer
end if

CASE: Control channel becomes idle

if state = CONTEND then
Resume contend_backoff expired timer
end if
if state = DELAY_BEFORE_BEACONING then
Resume delay before beaconing_expired timer
end if

CASE: BEACON Received

if state = CONTEND OR state = WAITING then
Cancel all timers
state = WAITING
Set waiting_time_expired timer to T

end if

CASE: Timer Expired

if waiting_time_expired timer AND state = WAITING then

H

E 1. 2o slhE

Parameters Descriptions Values

Number of Readers Total nur.nber of readers in the - 12
same region

Total number of tags in the

region to be identified 500

Number of Tags

Slot Time Time for one slot 20 ms

Tari Reference time interval for a 125
data-0 in reader-to-tag signaling 218

Time from reader transmission
T1 e from reader transmissio 9375 1
to tag response

Time from tag response to reader

T2 . 93.75 s
transmission
Time an reader waits, after T1,

T3 .. 0 us
before it issues another command

T4 Minimum time between reader 75 s
commands

Query size Data Transmission for one query | 40 bytes

2 state = CONTEND

3: if contend_backoff expired timer = 0 then

4 Set contend_backoff expired timer to previous residual
value

S: else

6: Select a new random contend backoff

7: for SOP > 0

8: Select a new random contend backoff

9: end for

10: end if

11: end if

12: if (beacon_interval_expired timer AND state = READING) OR

(contend_backoff expired timer AND state = CONTEND)

then

13: if Control channel is IDLE then

14: Transmit BEACON on control channel

15: Set reading_time_expired timer to max

communication time

16: Set beacon_interval_expired timer

17: state = READING

18: Start communication with the tags

19: else

20: state = DELAY_BEFORE_BEACONING

21: Set delay_before_beaconing_expired timer to a random delay

22: for SOP > 0

23: Set delay_before_beaconing_expired timer to

new random delay

24: end for

25: end if

26: end if

27: if reading_time expired timer AND (state = READING OR
state = DELAY_BEFORE_BEACONING) then

28: Cancel all timers

29: state = WAITING

30: Set waiting_time_expired_timer to Tmin

31: end if
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5.2.2 Mo XMz|2k (System Throughput)
E = dlold A= o A (HF 2
o] Aefae,

Total queriessent successfully by all readers

System Throughput (bytes/s) =
4 ughput (by ) Identification Time (1)
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B =Rl Azl 28 ohE A @9 #ol
EEL
Total queries sent successfully by all readers

—x100

System Efficiency (%) =
4 y (%) Total queries sent by all readers (2)
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