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ABSTRACT

RFID-enabled IoT deployments often lose communication efficiency not because a single tag message is large,
but because tag observations are repeated, partially redundant, and reported by overlapping readers. In an edge-
computing environment, this redundancy becomes a bandwidth-governance problem: the local gateway must decide
what is worth forwarding, what can be compressed, and what should be kept only as short-term local evidence.
This article presents an edge-bandwidth brokerage model for RFID-assisted ad hoc IoT communication networks.
The proposed model, named BASER, interprets every tag read as a priced communication event whose forwarding
value depends on novelty, duplication risk, priority, motion context, and instantaneous backhaul pressure. The
paper develops a three-stage mathematical formulation for value construction, budgeted admission, and adaptive
compression. A reproducible scenario analysis is used to study how tag density, mobility, edge load, and uplink
capacity affect latency, loss, semantic retention, and energy consumption. The main finding is that bandwidth savings
should not be treated as a blind compression target; instead, the edge node should act as a broker that protects

meaningful RFID events while preventing repeated low-value reads from saturating the uplink.
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1. INTRODUCTION

RFID traffic has a particular communication signature. A tag
may be detected several times by the same reader, again by a
neighboring reader, and again after a small movement of the
object or antenna. The message is short, but the stream is not
small. In dense retail shelves, hospital asset rooms, factories,
and temporary ad hoc logistics points, repeated reads can
become the dominant source of uplink traffic long before the
application receives a new business event.

The ordinary cloud-forwarding view is therefore insufficient.
If every observation is transmitted first and cleaned later, the
scarce edge-to-cloud link has already been consumed. Fog
and edge computing offer a more suitable location for traffic
governance because decisions can be made close to the inter-

rogation zone. Earlier fog and edge studies established the
role of local resources in [oT service delivery [1, 2], and sub-
sequent surveys clarified the architectural and orchestration
requirements of fog and multi-access edge computing [4, 5].
However, the bandwidth behavior of RFID streams needs a
more focused treatment than conventional sensor offloading.

RFID communication has also been studied from the per-
spective of standards, sensing, and privacy. The UHF Gen-
2 and EPC tag-data specifications define how identifiers
are organized and exchanged [12, 13]. Foundational RFID
work describes identification opportunities and security con-
cerns [10, 11], while RFID-WSN reviews show how identifi-
cation and sensing combine in IoT deployments [9]. These
contributions are essential, but they do not specify how an
edge gateway should ration bandwidth when many readers
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produce overlapping evidence.

This paper develops the Bandwidth-Aware Semantic Edge
Regulator (BASER), an edge-brokerage mechanism for RFID-
enabled ad hoc IoT communication. The model treats a tag
read as a communication event with a value, a size, a duplica-
tion likelihood, and a retention consequence. BASER then
uses this information to decide whether to forward, compress,
cache, or suppress the observation. The design is intention-
ally communication-centered: the edge node is not only an
analytics server but also a broker that protects uplink capacity.

The contribution of this work is fivefold. First, it frames
RFID bandwidth as a semantic admission problem rather than
a generic data-reduction task. Second, it introduces a value-
per-bit admission rule that combines novelty, priority, and
duplication evidence. Third, it adds adaptive compression
that reacts to channel pressure without erasing critical tag
events. Fourth, it provides a scenario-based analysis linking
tag density and mobility to latency, loss, CPU load, semantic
retention, and energy. Fifth, it reorganizes RFID-edge control
as a deployable sequence of reader capture, edge valuation,
admission, caching, and cloud export decisions.

2. RELATED WORK AND DESIGN MOTIVATION

2.1 RFID traffic and loT edge pressure

RFID systems differ from conventional sensors because a sin-
gle physical item may be read many times in a short interval.
Want [10] introduced RFID as a pervasive identification tech-
nology, while Sarma et al. [11] discussed security and privacy
concerns that arise when tag identifiers become part of larger
information systems. Landaluce et al. [9] later reviewed RFID
and wireless sensor networks as IoT sensing infrastructures
and emphasized challenges in reliability, interoperability, and
data handling.

The RFID standards ecosystem is important because band-
width is not controlled only at the application level. The
EPCglobal Gen-2 air-interface protocol defines inventory be-
havior for UHF RFID systems [12], while the EPC Tag Data
Standard controls identifier structures that appear in tag re-
ports [13]. When these reports are sent to remote services
without edge filtering, duplicate identifiers, reader overlaps,
and bursty inventory cycles can waste the upstream link.

2.2 Edge and fog computing for local communication con-
trol

Fog and edge computing are often introduced as latency so-
lutions, but they also provide a place to enforce communi-
cation policies. Bonomi et al. [1] originally connected fog
computing to geographically distributed IoT services. Shi
et al. [2] framed edge computing as a response to the lim-
its of cloud-centric IoT, and Satyanarayanan [3] emphasized
that edge systems can support interactive and location-aware
services. These principles fit RFID deployments because
item-identification decisions are frequently local.

Resource allocation remains a central challenge. Yousefpour
et al. [4] and Naha et al. [6] surveyed fog architectures and re-
quirements, while Porambage et al. [5] examined multi-access
edge computing for IoT. Chiang and Zhang [7] identified the
research opportunity that appears at the intersection of fog
and IoT. In an RFID network, this opportunity appears as a

need to process repeated reads near the reader before they
become an expensive backhaul stream.

Table 1. Representative studies and their connection to RFID-edge
bandwidth control

Reference RFID Edge/Fog Bandwidth Adhoc Security Use in this paper

Want [10] Yes No No No No RFID communication char-
acteristics

Sarmaetal. [11]  Yes No No No Yes Identifier exposure and se-

cure handling

Landaluce et  Yes No Yes Yes Yes RFID and WSN sensing

al. [9] challenges

EPCglobal [12] Yes No Yes No No Air-interface behavior and
tag reports

Bonomi et al. [1] No Yes Yes Yes No Fog locality for IoT traffic

Shi et al. [2] No Yes Yes No No Edge computing motivation

Yousefpour et No Yes Yes No Yes Fog taxonomy and require-

al. [4] ments

Mao et al. [17] No Yes Yes No No Communication-aware
edge perspective

Taleb et al. [18] No Yes Yes No Yes MEC orchestration back-
ground

RFC 9556 [24] No Yes Yes No Yes ToT edge challenges and

functions

Table 1 shows that RFID, edge computing, and bandwidth
control are often discussed separately. The present work
connects them by asking how the edge should regulate tag
observations before they occupy the constrained uplink. The
design emphasis is not on increasing reader sensitivity or
adding a new RFID air-interface procedure; it is on placing
a disciplined communication broker between repeated tag
reads and the constrained edge-to-cloud path.

3. BANDWIDTH-AWARE PROBLEM FORMULATION

Consider a reader cluster Z = {1,2,...,R} attached to a
nearby edge broker through short-range wired or wireless
links. Reader r reports a window of tag observations at time
t. Let x,.4(7) denote the kth observation from reader r and let
srk(t) be its byte size after reader framing. The raw uplink
demand for a time window is

B raw

n(t)
Z ()

where Af is the scheduling interval. In dense deployments,
Biaw (1) rises quickly because n,(¢) grows with tag density
and mobility.

&\QM

_3
At

Not all reads have equal value. A read may be duplicate, stale,
expected, or important. BASER assigns each observation a
value score

Vik(t) =

wnNr,k(t) + prr,k(t) + waAr,k (t) - wdDr,k(t); (2)

where N is novelty, P is operational priority, A is aging ur-
gency, and D is estimated duplication probability. The nor-
malized uplink pressure is

B t

Betge 1) )> : 3)

U(t)=min|( 1,
(0 (Cup

where C;, is available edge-to-cloud capacity. If U(r) is high,
BASER becomes more selective.

The edge node solves a budgeted admission problem. For
binary admission variable z,; € {0, 1} and compression ratio
Prk € [Pmin, 1], the goal is

max ZznkVnk (1) —
rk

A Q1) = AcLc(t) “)
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subject to

Y 82kPricsri(t) < CupAt, ®
rk

where Q(¢) is edge queue occupancy and L.(¢) is compute
load. This formulation turns bandwidth protection into an
explicit edge decision rather than a downstream cloud repair
step.

Figure | presents the proposed BASER workflow as a
communication-oriented flowchart. The diagram traces the
progression from RFID sensing and edge event aggregation
to feature extraction, valuation, budgeted admission, adap-
tive compression, transmission scheduling, and cloud-side
services. This layout clarifies that communication savings
emerge only when event valuation, admission control, and fil-
tering are executed before the constrained uplink is occupied
by low-value or duplicated reads.

4. PROPOSED BASER MODEL

4.1 Observation value construction

The first step is to convert raw RFID reads into priced events.
BASER keeps a rolling tag-memory table at the edge. Each
entry stores the last reader, last accepted time, last forwarded
time, and estimated stability of the tag. This table is not a full
application database; it is a communication control structure
that helps the edge determine whether a new read deserves
bandwidth.

Algorithm 1. RFID Observation Valuation

1. Input: observation batch 2(¢), tag memory . (t — 1),
weights Q.

2. For each x,;(t) € Z (t), compute novelty N.;(t) = 1 —
exp[— 6,4 (1) / Tl-

3. Estimate duplication probability D, (¢) from recent reader
overlap and repeated tag intervals.

4. Assign priority P, (t) using application class and zone pol-
icy.

Compute aging urgency A, (t) = min(1, 6,x(r)/ 7).
Evaluate V.. (1) = @,N + 0,P + 0,A — & D.

Update .# (t) with the current reader and timestamp.

NS I 2

Return: priced event set {x,.x (1), V.x (1) }.

Algorithm 1 is intended to separate communication value
from mere tag visibility. A frequently repeated read is not
automatically discarded, but it must justify its bandwidth
through novelty, priority, or urgency. This is useful in ware-
houses and hospital rooms where overlapping antennas re-
peatedly observe the same object.

Mathematically, the novelty function is bounded, increas-
ing, and concave. This prevents very old observations from
dominating the score without limit. The duplication term
introduces a negative correction that grows with repeated ap-
pearances. The resulting score can be updated in O(n) time
for n observations in the current window, making the step
suitable for edge readers with modest compute capacity.

4.2 Budgeted uplink admission

Once observations are valued, the edge node admits them
under the current bandwidth budget. BASER uses a value-
density heuristic because the problem resembles a small knap-
sack decision under strict timing. A full combinatorial search
is unnecessary for RFID windows that must be processed
quickly.

Algorithm 2. Bandwidth-Budgeted Edge Admission

1. Input: priced events &'(z), channel budget CypAt, queue
state O(t).

2. For each event, set
pi = max(Pmin, | —NU(1)).

3. Compute effective size b; = 8p;s; and density I'; = V;/(b; +
€).

candidate  compression

4. Sort events by I'; in descending order.
5. Initialize B < 0 and accepted set o7 <+ 0.
6. For each event in sorted order, admit it if B+ b; < CypAt and

Q(t) < Qmax-
7. Locally cache rejected low-value observations for short-term
reconciliation.

8. Return: admitted events, cached events, and compression
vector p.

Algorithm 2 ensures that bandwidth is consumed by observa-
tions with high value per bit. The rule does not require cloud
feedback and can therefore operate in intermittent ad hoc
networks. Caching is included because a rejected tag read
may become useful later if no further observation appears.

The sorting step dominates the complexity at O(nlogn) for n
priced events, although bounded priority queues can reduce
the practical cost. The admission constraint ensures that
Begge (1) < Cyp within each scheduling interval. If the arrival
process remains below the admitted service rate, the edge
queue remains stable in the usual traffic-intensity sense.

4.3 Adaptive compression and threshold learning

Fixed thresholds are fragile because RFID traffic changes
with reader placement, human movement, and inventory cy-
cles. BASER updates its selectivity according to channel
utilization and semantic retention.

Algorithm 3. Adaptive Compression and Selectivity
Update

1. Imput: utilization U (¢), loss £(t), retention S(¢), target val-
ues U* and S*.

2. Compute pressure error e,(t) = U(t) — U™ and retention
error es(1) = S* —S(¢).

3. Update compression step 7(t + 1) = I ;{n(t) +
oyey(t) — oses(r)}

4. Update admission threshold 6(t + 1) = Il ;1{6(7) +
Bueu(r) + Bet(1)}-

5. If S(¢) < S*, protect high-priority classes from further com-
pression.

6. Return: updated n(z+ 1), 6(¢ + 1), and class protection
flags.

Algorithm 3 gives the model a feedback mechanism. When
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Proposed BASER Workflow for Bandwidth-Aware RFID Edge Communication
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Figure 1. Workflow of the proposed BASER model for bandwidth-aware RFID edge communication.

utilization exceeds the target, BASER becomes more aggres-
sive. When semantic retention falls, it relaxes compression
for important events. The rule is deliberately simple because
edge RFID gateways require predictable behavior.

The projection operator ITjo ; keeps the learning variables
bounded. Stability depends on choosing step sizes that are
small relative to the observed traffic variation. In practice,
the update is a proportional controller over utilization and
retention; it cannot guarantee global optimality, but it can
prevent persistent overuse of the uplink while preserving
event meaning.

5. SCENARIO DESIGN AND ANALYTICAL RESULTS

5.1 Reproducible scenario settings

A reproducible scenario generator was used to examine band-
width behavior under varying RFID densities and mobility
profiles. Four policies were compared: cloud-only raw for-
warding, reader-side duplicate suppression, edge filtering
with compression, and the proposed BASER policy. The anal-
ysis file included in the package records tag density, read rate,
raw bandwidth, admitted uplink bandwidth, channel utiliza-
tion, latency, loss ratio, edge CPU load, semantic retention,
and energy consumption.

Table 2. Experimental scenario settings for RFID bandwidth analy-
sis

Setting Value

Tag-density range 50 to 500 observed tags per zone

Mobility classes Slow, mixed, and fast movement near readers
RFID observation size 32 bytes per framed tag report before aggregation
1.2 Mbps edge-to-cloud connection

Cloud raw, reader suppression, edge filtering,
BASER

Bandwidth, latency, loss, CPU load, retention,
energy

Nominal uplink capacity
Compared policies

Main measures

Table 2 reflects a deliberately constrained edge link. The
aim is not to emulate one vendor product; it is to stress the
communication layer in a way that reveals how repeated RFID
reads behave when the backhaul is limited.

Table 3. Average policy behavior across all generated scenarios

Policy Uplink Latency Loss CPU Retain. Energy
Cloud-only raw forwarding 0.69 76.82  0.093 0.39 0.58 7.34
Reader-side duplicate suppression 0.38 3447 0.041 0.56 0.75 4.79
Edge filtering and compression 0.19 25.61 0.028 0.72 0.85 3.52
Proposed BASER 0.10 23.19 0.020 0.86 0.95 2.61

Table 3 shows the main pattern. Cloud-only forwarding has
the highest uplink burden because it treats repeated observa-
tions as equally valuable. BASER sends the smallest stream
while preserving the highest semantic retention because it
protects high-priority and novel events.
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5.2 Bandwidth behavior with increasing tag density

Tom]nal uplink
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Figure 2. Uplink bandwidth consumption as RFID tag density
increases.

Figure 2 illustrates why edge-side control is necessary. Raw
forwarding rises sharply with density and approaches the
nominal uplink limit. Duplicate suppression helps but does
not fully address the problem because it lacks priority and
compression awareness. BASER remains lower because it
combines duplicate reduction with value-aware admission.

Delay response under RFID-edge policies
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Figure 3. Average latency under the compared RFID-edge commu-
nication policies.

Figure 3 shows that latency follows the bandwidth burden
of each policy. Raw forwarding produces the highest delay
because repeated reads enlarge the queue before the backhaul
can clear it. BASER lowers the delay by reducing the stream
before scheduling, not by assuming a faster channel.
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Figure 4. Packet-loss behavior under increasing bandwidth pressure.

Figure 4 indicates that admission control also affects reliabil-
ity. When the queue receives fewer low-value observations,
the system has less overflow pressure. The proposed policy
therefore reduces loss indirectly through traffic shaping and
directly through budget-aware admission.

Local processing burden at the edge
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Figure 5. Edge CPU load introduced by local RFID bandwidth
governance.

Figure 5 clarifies the trade-off. BASER spends more pro-
cessing at the edge because it evaluates novelty, duplication,
priority, and compression. This additional CPU demand is
acceptable when the edge node is less constrained than the
uplink, which is common in gateways that aggregate many
low-power RFID reads.

Preserved event meaning after edge control
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Figure 6. Semantic retention after filtering, compression, and edge
admission.

Figure 6 is central to the proposed contribution. A bandwidth-
saving policy is not useful if it removes the events that the ap-
plication needs. BASER maintains higher semantic retention
because high-priority and novel observations are protected
when compression and suppression become more aggressive.

Channel utilization under BASER
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Figure 7. Channel-utilization surface under BASER across tag
density and mobility.

The heatmap in Figure 7 shows that BASER remains sensi-
tive to density and motion. Fast movement produces more
variation because tags enter and leave reader fields quickly,
increasing novelty. The model therefore does not eliminate
bandwidth pressure; it reshapes it into a controlled utilization
profile.
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Figure 8. Bandwidth-latency policy trade-off under the generated
RFID-edge scenarios.

Figure 8 highlights the policy trade-off. Cloud forwarding
occupies more bandwidth and gives worse latency. BASER
shifts the operating point toward lower bandwidth and lower
delay because it reduces queue pressure before the uplink
becomes saturated.

Table 4. Density sensitivity under the proposed BASER policy

Tags Uplink Util. Latency Loss CPU Retain. Energy
50 0.02  0.02 19.11  0.000  0.40 0.95 0.66
100 0.03 0.03 19.70  0.000  0.45 0.95 0.95
150 0.05 0.04 20.33  0.001  0.51 0.95 1.22
200 0.07  0.06 21.04 0.004 0.57 0.95 1.51
250 0.08 0.07 21.94 0.008 0.62 0.95 1.78
300 0.10 0.08 2293 0.014 0.68 0.95 2.07
350 0.12  0.10 23.81 0.020 0.73 0.95 2.34
400 0.14 0.11 2479 0.027 0.79 0.95 2.62
450 0.15 0.13 26.07 0.035 0.84 0.95 2.89
500 0.17 0.14 27.07 0.043  0.90 0.95 3.17

Table 4 confirms that the proposed policy does not hide the
cost of density. Latency, loss, and edge CPU use still rise
as the environment becomes busier. The improvement is
that the uplink remains within a controlled region, allowing
application-critical events to retain transmission priority.

6. DISCUSSION

be misclassified as novel. If the memory duration is too long,
legitimate reappearances may be suppressed. A deployment
should therefore tune 7, and 7, according to item movement
speed and business rules.

The analysis is scenario-based rather than collected from a
single vendor reader deployment. This is useful for isolat-
ing bandwidth effects, but field trials are still needed. Real
environments include antenna orientation, metal reflections,
reader collision management, and middleware policies. Fu-
ture work should connect BASER to real EPC Gen-2 readers
and evaluate it under live warehouse or hospital asset-tracking
workloads.

A second implementation issue is auditability. Industrial
RFID systems often require a record of why a tag event was
forwarded or suppressed. BASER supports this requirement
by separating the score components. A gateway can log
whether an observation was rejected because it was dupli-
cated, admitted because it was urgent, or compressed because
the channel was congested. This makes the policy more
transparent than a black-box filtering stage.

7. CONCLUSION

This paper presented BASER, a bandwidth-aware edge pro-
cessing model for RFID-assisted ad hoc [oT communication
networks. The model treats RFID observations as bandwidth-
priced events rather than raw records to be forwarded without
discrimination. It combines novelty scoring, duplicate esti-
mation, priority handling, budgeted admission, and adaptive
compression. The analysis showed that edge-side governance
can reduce uplink pressure while preserving semantic value.
The broader lesson is that RFID networks need communica-
tion control at the edge, especially when repeated tag reads,
temporary gateways, and limited backhaul links coexist. Fu-
ture extensions should integrate reader-level collision infor-
mation, privacy-aware tag grouping, and field measurements
from dense RFID deployments.
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