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Course Info

m Course web page

twiki.di.uniromal.it/twiki/view/Reti_Avanzate/InternetOfThings1718

m Additional lecturers will come to give lectures
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Radio Frequency
|dentification (RFID)

m Key role as enabling technology in loT
B (« '4:!1
)

TAGS
READER
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> Inventory and logistics
» Acces confroll object tracking
> Libraries
» Airport luggages
» Domotics e Assisted Living
> Intelligent appliances
» Daily assistance to people with disabilities

I||||‘|'DH|

b "'Iln "Iln.l 'll "

Shelf Management I|| ||
) III '\

; ; "I ’
\ng N o~ fﬁ
‘
BookD '

f : ‘

Internet of Things A.A. 17-18




SAPTENZA

RFlD Sys-l-em L:v:‘%’ UNIVERSITA DI ROMA

m RFID is the traditional and most
widely used technology that

harvests power from RF signails.
= |n RFID, the tags — battery free E | E | ey
devices — reflect the high- B E3)
power constant signal i
generated by the reader — a E , B
powered device — to send it -

their unique ID.

m A variety of applications whose common required functionality is
object identification — to get the unique ID associated to each
tag.

® Tag identification and counting are the main functionalities so far
implemented by RFID systems
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Tag identification g Unversima o1 Row
m Single-reader systems with ; ;
pOSSIVe TOgS Fr., FT., Reader or

Interrogator

m Reader queries tags B 8- @

m Tags respond with their ID by

back-scattering the received R;E , ,;E
signal
Key Issues

» Tags cannot ear each other
» Simultaneous tag responses cause collision
» Channel access must be arbitrated by the reader

.

Goal > Fast arbitration of massive tags
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m Several MAC protocols have been proposed to identify tags in @
RFID system

m Sequential protocols (aim at singulating tag fransmissions)
m Aloha based
m Tree based

m Concurrent protocols (exploit tags collisions)

m Buzz
m TIANC
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® Derived from EPCglobal Specification Class 1 Gen 2

RX_THRESHOLD,

NEXT
READER | INVENTORY S RESPONSE COMMAND
! ™| 1 | PROP RX_R ! !
: - | | LAY o
; i )
| PRP\RXU | /R .
\*————’ 1 1
TAG INVENTORY RESPONSE
TIMELINE i

» R1: tagreaction time
» R2: readerreaction time

» RX threshold: time at which the reader should receive the first
bit of tag transmission
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BFramed Slotted Aloha
mree Slotted Aloha
(blackboard )

Internet of Things A.A. 17-18




SAPTENZA

Dy_TSA : M OtiV&tiOl’l Lv : $/ UNIVERSITA DI ROMA

m Tree Slofted Aloha (TSA) has been shown to outperform
previous ones with respect to rate or system efficiency (but also
time and fransmitted bits)

m Almost half of time needed by TSA for identifying tags is spent
in collisions

= TSA weakness is accuracy in estimating tag population

Work

Contribution

Optimize the identification process by dynamically
estimating tags and consequently reducing collisions
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Tree Sloited Aloha (TSA) (o [ = [55] =< | x | o ] xx] o |
m A new child frame is issued AT [T BT 5] e
for each collision slot: only

tags replying to the same slot
parficipate [x [~ ] [ [ x Jrovers

[ N /I N

Estimating tag population to properly fune frame sizes
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= The number of tags to be identified is not known
® The initial frame size is set to a predefined value (i.e., 128)
® The size of the following frames is estimated

(estimated total num of tags) — (identiﬁed tags)

tags per collision slot = —
collision slots

® The total number of tags is estimated according to the outcome of
the previous frame (based on Chebyshev’s inequality)

a’"\ (c, » N: size of completed frame
¢(N,c,,c,,c,)=min|| a*" |-| ¢, » <C,,C,.c> triple of observed values
n B .
a’" c, » <0,0,,0> triple of estimated
values

» Given N and a possible value of n, the expected number of
slots with r tags is estimated as

r n—-r

n
=) )
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Inaccuracy of tag estimation [OXARSINIIE\yZ
for large networks '

® The estimator does not capture the possibly high variance of the number of
tags

UNIVERSITA DI ROMA

= The minimum is computed over n ranging in e, +2¢,,2(c, +2¢, )]

® The upper bound 2(c1+2ck) is not adequate for network composed of
thousands of nodes

m Example: 5000 tags, N=128, it is highly likely that c1=0
nis estimated 2(c1+2ck) = 512 ‘ definitively tfoo small

X| X | X | X B X | X X | X

4

X| X | X | X X| X | X | X oo X| X | X | X

Only 4 slots for an expected number of colliding tags around 40!
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m et us search for a better upper bound
m et us not stop at 2(c1+2ck)

®m For N=128 and <c0,c1,ck> = <0,0,128>, the table shows the triple of
estimated values and their distance from observed value by varying n

n vect. distance ao ai ak
256 64.671 17.187 | 34.645 76.167

c 500 16.211 2.536 9.983 115.482

o) 700 4.537 0.528 2.912 124.560

‘E 800 2,337 0.241 1.519 126.240

e 900 \ /1.188\ 0.110 0.780 127.110

O 1000 \ 0.598 0.050 0.396 127.554 o

> 1500 0.017 0.001 | 0.012 | 127.087 — still not accurate!
2000 0.0005 0.00002 | 0.0003 | 127.9997

v N~—"
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= Dynamic tag estimation that exploits the knowledge gained
during previously completed frames

® Assumption: tags are uniformly distributed among all slots
® The expected number of tags in a slotis
P g E[X] n

N
m Safisfied for when n>>N
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Dy_TSA dynamic tag SAPIENZA

estimation
X X X X X |... X X X

1st frame / 2nd frak l,, frame

1] x] x| x I

/ \ New frame size= 6 Size of iy, frame:

1 (1| X|T1T[[1]1

/ 5 =S

’ |
11 =14
f;. is the number of tags

that parficipated to
frame j

UNIVERSITA DI ROMA

m 8 fags found!

® As TSA proceeds in depth-first order, the estimation method can be
recursively applied on deeper levels of the free

Internet of Things A.A. 17-18




Accuracy of dynamic tag [ERSINSIEZ
estimation
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Estimated number of tags as slots of the first frame are resolved
(n=2000)
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(a) System efficiency: 100-1000 nodes.
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System Efficiency

i ' ' Dy TSA —+— |
e TSA e
BS o
042 } ) QTI —=—i -
- ------4’ E— —— -
04fp —1 “ -
038} e S W
g % § $ 4
036 } -
Foorr * ......................... .;. ......................... ¥ NN RTEERLEE )
034 } : : -
032 } -
0.3 L L L
1000 2000 3000 4000 5000
Tags

(b) System efficiency: 1000-5000 nodes.




Results: latency
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(a) Execution time: 100-1000 nodes.
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(b) Execution time: 1000-5000 nodes.
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Results: transmitted bits
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(a) Transmitted bits: 100-1000 nodes. (b) Transmitted bits: 1000-5000 nodes.
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Comments

m Dy TSA fixes the TSA inability to estimate the tag population
and properly tune the size of reading frames

® Open issue: How to properly tune the initial frame size
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Readings

m Papers available on IEEE and ACM digital libraries:

m G. Maselli, C. Petrioli, and C. Vicari, “Dynamic Tag Estimation
for Optimizing Tree Slotted Aloha in RFID Networks, ACM

MSWIM 2008, Vancouver, Canada.

m TF. La Porta, G. Maselli, C. Petrioli, " Anti-collision Protocols for

Single-Reader RFID Systems: Temporal Analysis and
Optimization”, IEEE Transactions on Mobile Computing, vol.10,

NO.2, pp.267,279, Feb. 2011.
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