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Ultrasound in Mote Swarms

2



Ultrasound Signal Transmission
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Transducer Properties
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Note: example is a piezo transducer. Other types
are available and should be investigated



Ultrasound Trade-offs
• Parameters: 

– Beam spread 𝛼𝛼 (67°)
– Transducer frequency 𝑓𝑓𝑢𝑢𝑢𝑢 (100kHz)
– Transducer diameter 𝐷𝐷𝑢𝑢𝑢𝑢 (1.4cm)
– Emitted energy 𝐸𝐸𝑒𝑒𝑒𝑒 (?)
– Transducer sensitivity 𝑆𝑆 (?)

• Reduce 𝐷𝐷𝑢𝑢𝑢𝑢 to mm size
– Increase 𝑓𝑓𝑢𝑢𝑢𝑢 to e.g. 1MHz, 𝐷𝐷𝑢𝑢𝑢𝑢 down to 1.4mm (other p same)
– Less 𝐸𝐸𝑒𝑒𝑒𝑒, more sensitivity needed
– Other choice (e.g. increase 𝛼𝛼)?
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sin
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= 0.514𝑐𝑐/𝑓𝑓𝑢𝑢𝑢𝑢𝐷𝐷𝑢𝑢𝑢𝑢

𝐸𝐸𝑒𝑒𝑒𝑒 ∝ 𝐷𝐷𝑢𝑢𝑢𝑢2 ,
More 𝐸𝐸𝑒𝑒𝑒𝑒 leads to a relaxed S



Ultrasound Propagation
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From Thomas L. Szabo, 2004



Signal Transfer Function
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A very simple model:



Speed of Ultrasound in Water
• Speed of ultrasound in water is not fixed 
• Accurate localization needs accurate speed 

estimation
• Parameters influencing speed

– Temperature (a change of 3.5m/s ~ 1℃)
– Salinity (a change of 1m/s ~ 1g/L)
– Pressure (a change of -0.33m/s ~ 1 meter depth)
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Temperature Dependence [1]
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3.5m/s per ℃, 2365ppm/ ℃

[1] https://en.wikipedia.org/wiki/Speed_of_sound

https://en.wikipedia.org/wiki/Speed_of_sound


Salinity Dependence [2]
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1m/s per 𝑔𝑔/𝐿𝐿, 
676ppm per 𝑔𝑔/𝐿𝐿

normal seawater

[2] Y. N. Al-Nassar, A. M. Al-Jalal , M. A. Khan, and S. A. Al-Kaabi, “Functional Dependence of Ultrasonic Speed in 
Water on Salinity and Temperature.” 

rivers/lakes

dead sea
>200 g/L



Pressure (Depth) Dependence [3]
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[3] https://en.wikipedia.org/wiki/Speed_of_sound

Sound speed as a function of depth at a position
north of Hawaii in the Pacific Ocean derived from the
2005 World Ocean Atlas.

Our application: <200m depth?

-0,33m/s per meter

0,0175m/s per meter

our application?

https://en.wikipedia.org/wiki/Speed_of_sound
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