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RSSI: The Primary Metric for RFID Systems
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RSSI Model: Transmit Power

Reader

Forward (Reader — Tag)

Backscatter (Tag — Reader)

Round-trip RFID Backscatter Link

Friis Equation (Round-trip Link):
P, =P, - G G*> T 2y
rx — 1tx reader tag b A1

= P, - C (at a fixed distance r)

RSSI = PiP™ = plafml 4 clF]

rx tx

RSSI (in dBm) scales linearly with
transmit power (in dBm)



RSSI Model: Distance

Friis Equation (Round-trip Link):
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Forward (Reader — Tag) 41

Backscatter (Tag — Reader)

The distance doubles,
Round-trip RFID Backscatter Link RSSI decreases by 12 dB



RSSI Compression
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RSSI Compression
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The Source of RSSI Compression
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The Source of RSSI Compression
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@ Reader-to-tag channel

min
Pix

-
-n'
~ -
-
L |
—

D

* Interrogation threshold power P},

Tag’s activation power

tag antenna

; min

| Piag constant

-

b

4

min :
tag IS constant

Changing reader-to-tag distance

min

15- 5.8dB

6.3dB

6.2dB

1 2 3

4 5 6
Distance (m)

@

7

8§ 9

Not the source of RSSI Compression



The Source of RSSI Compression

reader antenna tag antenna
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The Source of RSSI Compression

Different Compression Rates
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RSSI Compression: Dynamic RCS

—— Radar Cross-Section (RCS) —
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RSSI Correction: Direct Compensation

1. Pre-measure the reference RCS at a
reader antenna tag antenna known distance and transmit power:
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RSSI Correction: Direct Compensation

1. Pre-measure the reference RCS at a
reader antenna tag antenna known distance and transmit power:

V - |dB]
T Path loss AP ref

AP ; \ 2. Calculate the deviation based on the
current power, distance, and RSSI:

Hardware-dependent constant C

RSSI = pl4B™ _ o apldBl 4 S4Bl | ¢
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RSSI Correction: Direct Compensation

1. Pre-measure the reference RCS at a
reader antenna tag antenna known distance and transmit power:

V |dB]
Path loss AP \/ Oref

AP 7 2. Calculate the deviation based on the
current power, distance, and RSSI:
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RSSI Correction: Direct Compensation

1. Pre-measure the reference RCS at a

reader antenna tag antenna known distance and transmit power:
[dB]
Gref

Hardware-dependent constant C

RSSI = p4B™ _ o ApldBl | sl4B] | 3. Compensate for the nonlinear effect

tx

of dynamic RCS:
RSSl¢i, = RSSI  + Agl95]
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New Metric:

ITP
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ITP Measurement: Power Sweep

1. Begin with a low
transmit power.
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ITP Measurement: Power Sweep

1. Begin with a low
transmit power.

2.Increase it until the tag
responds
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ITP Measurement: Power Sweep

1. Begin with a low
transmit power.

2.Increase it until the tag
responds

3. The power that activates
the tag at the first time
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ITP Measurement: Power Sweep

1. Begin with a low
transmit power.

3. The power that activates
the tag at the first time
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BPIl and In-situ Measurement

Decoupling RSSI via Tag Received Power (P,,,)
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BPIl and In-situ

Measurement
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BPIl and In-situ Measurement

Backscatter Power Index (BPI):

reader antenna tag antenna
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BPIl and In-situ Measurement

1. Build a lookup table

mapping h(x) and x.
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BPIl and In-situ Measurement

h(X)

Assuming P;, = 24dBm, RSSI = -50dBm
Calculate h(x) = —RSSI — P, = 26
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1. Build a lookup table
mapping h(x) and .

2. Measure RSSI, calculate
h(x).
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BPIl and In-situ Measurement

h(x) (d

1. Build a lookup table
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From the lookup table, we can find x = 4.75
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BPIl and In-situ Measurement

1. Build a lookup table

Calculate PV"=P,, — x =24 —4.75 = 19.25 mappmg h(X) and X
34#,.
"ed,. . 2. Measure RSSI, calculate
% "'-,.i (4.75, 26) h(x).
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BPIl and In-situ Measurement

1. Build a lookup table
Calculate P¥"= P, — x =24 —4.75 = 19.25 mappmg h(X) and X.
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Experimental Setup
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Evaluation: Robustness of BPI
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Figure 1: BPI against excess power X across different distances.
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Evaluation: Robustness of BPI

BPI depends solely on the tag’s RCS and is
independent of the environment.
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Figure 2: Variation of BPI with x across scenarios and substrates
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Evaluation: Performance of ITP
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Figure 3: Accuracy of in-situ measurement.
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Evaluation: Performance of ITP
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Conclusion

01

02

03

We uncover and decode the RSSI Compression phenomenon, a
critical issue in RFID systems, and trace it back to the dynamic
RCS behavior of passive tags.

We introduce two metrics, ITP for accurate link estimation and
BPI for environment-independent measurement, together with
an efficient in-situ single-query method.

We evaluate our in-situ method across three commercial RFID
systems. Experiments show that it significantly reduces time
overhead and channel-estimation error.
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