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| Background

Fine-grained liquid recognition is a potential application in many scenarioﬂ

Allowed or not? Fake or not? Healthy or not?



| Motivation

Traditional liquid identification methods need expensive equipment
and will contaminate liquids




| Motivation

For ease of deployment,

Many meaningful works based on
communication devices have been proposed

WiFi Smartphone

[1] Ju. W, etc. 2017. TagScan; [2] Binbin. X,etc, 2019. Tagtag; [3] Chao. F, etc, 2019. WiMi; [4] Ashutosh. A, etc, 2018. Liquid ; [5] Yumeng. L, etc, 2021. FG-LiquilD; [6] Yongzhi. H, etc, 2021, Vi-liquid;



| Motivation

However, specific containers are usually required
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| Motivation

However, specific containers are usually required
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| Motivation

>15cm

Furthermore, liquid height is not free



| Motivation

Therefore, Contact-based perception

application scenarios are limited
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specific container




| Motivation

The existing fine-grained liquid recognition system is hard to be non-invasive

contact detection

specific container

Could we design a non-invasive and fine-grained liquid recognition system?




| Goals

v'Non-invasive: be independent of the container’s material
and width, and the liquid’s height.

v Find-grained: distinguish similar liquids such as alcohol
solutions with a concentration difference of 1%.



| Inspiration

The attenuation of electromagnetic waves in different liquids are different

[1] Richard P Feynman, Robert B Leighton, and Matthew Sands. 2011. The Feynman lectures on physics, Vol. I: The new millennium edition: mainly
mechanics, radiation, and heat. Vol. 1. Basic books



| Basic Model

-

The strength of the received signal is given by:

S, = a(Dy)e P2PS,
The attenuation of the waves are depended on (, which is the unique feature of the liquid

[1] Ashutosh. A, etc, 2018. Liquid: A wireless liquid identifier. [2] Shan. J, etc, 2011. Electromagnetic wave propagation into fresh water.



| Challenge

0 Equation is underdetermined Ya=p- g are difficult to extract

Unknown

S, = a(Dgy,)[e PaPS,




| Challenge

0 Equation is underdetermined Ya=p- g are difficult to extract

Q1: How to remove the effect of container (I and d)

and antenna (P)?




| Challenge

0 The differences between similar liquids are small
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* The results are calculated using the data in the paper “Dielectric characterization of alcoholic beverages and solutions of ethanol in water under microwave radiation in the 1--20 GHz range”



| Challenge

0 The differences between similar liquids are small

Q2: How to recognize liquids in a fine-grained level?




| Challenge

a Liquid height unknown Yz signal strength difficult to calibrate

The signal strength is related to the height
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| Challenge

a Liquid height unknown Yz signal strength difficult to calibrate

Q3: How to remove the effect of height?




Our solutions




| Q1: How to remove the effect of container and antenna?

P

S, = a(Dgi, ) e PaPS,

Related to transmitting signal

Related to type of medium
Related to type of antenna

They are similar for multiple RF links



| Q1: How to remove the effect of container and antenna?

P

L e

We build a dual antenna model to remove the influence

Sr1 = a(Dair)Fe_ﬁdlpso S
r

Yampy L= o~Pdimdz) = g=PAd
Srz

Srz2 = a(Dair)re_ﬁdZPSO




| Q1: How to remove the effect of container and antenna?

P

Wy

However, adding RF links doesn‘t help to eliminate Ad

N p

L _ o~B(d1=d2) — g=BAd
Srz




| Q1: How to remove the effect of container and antenna?

The opportunity comes from that the attenuation factor p varies with frequency

W/ AS,fl:e_'BlAd

_______________________________________________________________

Frequency is f,



| Q1: How to remove the effect of container and antenna?

The opportunity comes from that the attenuation factor g varies with frequency
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| Q1: How to remove the effect of container and antenna?

We extract the relative frequency response factor as liquid feature, which is
independent of the container width
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| Q2: How to recognize liquids in a fine-grained level?

The reason that liquids are different to distinguish is that the attenuation factors of them
are similar
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* The results are calculated using the data in the paper “Tables of the complex permittivity of dielectric reference liquids at frequencies up to 5 GHz.”



| Q2: How to recognize liquids in a fine-grained level?

Compared with the attenuation factor,
the relative frequency response factor
has stronger discrimination ability
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| Q3: How to remove the effect of height?

When the liquid is lower than the antenna, the signal strength varies with the height
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| Q3: How to remove the effect of height?

The reason is that signal decays faster in liquid
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| Q3: How to remove the effect of height?

The reason is that signal decays faster in liquid




| Q3: How to remove the effect of height?
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| Q3: How to remove the effect of height?

We build a model of the electric field distribution in space and obtain the function
relationship between the signal strength and the liquid height
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| Q3: How to remove the effect of height?

Difference method is utilized!
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When the transmitting antenna is at position
jAh, the received signal strength is given by:

h h

Sl =ye PAE, | FO)dy+E, | fOdy
jAR h;

And we denote

[JAR BB pg = 5 — 5/ = yeBdE £(jAR)AR



| Q3: How to remove the effect of height?

When we consider the ratio of the two antennas

yve PUE, f(jAR)AR _ -pAd
ye BLE f(jAh)AR




| Q3: How to remove the effect of height?

When we consider the ratio of the two antennas

ye FUE, f(jAR)AR
ye=Ba2E_f(jAR)Ah

—BAd

| How to remove the effect of container material and antenna?

Same to % poaes

We build a dual antenna model to remove the influence

Y= Sri _ -B@i-dy) _ ,-BAd
Srz

Sr1 = a(Dair)re_ﬁdIPSO

Sy = a(Daiy)Te~Po%2PS,
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| Practical issues

a How many frequencies are required?

0 Does the diffraction affect liquid identification?



| Practical issues - select the frequencies

Accuracy rate

Accuracy rate

fé;lzl;ency .of concent.rail- of spef:i.es
tion recognition  recognition
1.7 65.53% 73.33%
2.0 73.74% 77.93%
2.4 55.38% 63.64%
2.6 70.49% 74.07%
5.0 74.66% 77.12%
1.7,2.0,2.4 83.62% 88.77%
1.7.2.6,5.0 88.71% 90.19%
1.7,2.0,
24, 2.6 94.92% 97.30%
».7,20, 24, 95.72% 98.93%

2.6, 5.0

Accuracy

A

Band resources M

Data scale

A

Be selected



| Practical issues-Diffraction

When the size of the obstacle is similar to the wavelength, the wave
will deviate from the original direction of propagation




| Practical issues-Diffraction

When the size of the obstacle is similar to the wavelength, the wave
will deviate from the original direction of propagation

Does diffraction affect Ligray’s liquid identification?




| Practical issues-Diffraction

When the length of the container is greater than 30cm, the error caused by
diffraction is less than 1.6%
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| Evaluation

' Lab Envg

Experimental setup

N2944R USRP devices

A transmitting and two receiving antennas

Resin container with different width




Accuracy

| Evaluation- Identification
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The average accuracy of
liquid identification is 95%

The accuracy of concentration
identification is more than

90%

A: Water B: Sprite C: Pepsi D: Coca Cola
E: Master Kong Green Tea F: Master Kong Iced Lemon Black Tea
G: Huiyuan Peach Juice H: Huiyuan Orange Juice
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| Evaluation- Container and Height

Accuracy(%)

Accuracy

water Coca-Cola Sprite Pepsi
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Accuracy rate > 87%

9% L
95% /[
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Glass Resin Ceramic Enamel Bamboo
Container Material

Attenuation Factor

ition Factor

Attenuation Factor

2.65

2.6

2.55

3.05

24
2.38
2.36
2.34
2.32

23
2.28

Feature1 GT = 2.59

Feature1 GT = 2.34

.64
2.62

26
2.58
2.56
2.54

1.94
1.92
1.9

Solution height

Feature2 GT =1.77

Solution height

Error < 7%

1.7

1.68

1.66

Solution height

Feature2 GT = 1.68

4cm

4cm
2.22

2.2
218
2.16
214

4cm

6cm 8cm 10cm 12cm

Feature3 GT =2.18

6cm 8cm 10cm 12cm

2.48

2.46

2.04
2.02

2
1.98
1.96

6cm 8cm 10cm 12cm

Feature3 GT = 2.00




| Limitations and Future work

Oil-based liquids Metal container




| Conclusion

O This paper presents LigRay, a non-invasive and fine-grained
system that can use RF signals to recognize liquids.

O It can cope with different containers and solution heights.
O Our model-driven scheme is making efforts to cultivate liquid

recognition system pervasive for more applications and
scenarios.



Thank You!



