
Customised Intelligent Life-inspired Arrays
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Crickets possess one of the most sensitive sensory systems known to man, consisting of a hair array that can detect tiny 
changes in air flow and pressure thus enabling the cricket to escape from an approaching predator. The ability to 
artificially replicate this highly sensitive system, would open the door to engineering solutions such as 
Microelectromechanical Systems (MEMS) technology and its applications, providing small, highly sensitive “sensory 
systems” that can extract information from operating environments via neural-type representations. The mechanics and 
morphology of hair-based sensor arrays, are being studied in order to identify the common principles underlying the use 
of such systems in nature and to make those principles available for the design of engineered systems.
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Cercus – small appendage at the rear of the abdomen of some insects and other arthropods

CFD (Computational Fluid Dynamics) – method of analytically analysing fluid flow

CM (Confocal Microscopy) – microscopy technique whereby the specimen is flooded with light and a pin-hole effect is used 
to focus on a particular area of the object, eliminating out-of-focus information

Filiform – thread-like

Mechanosensor – sensor that responds to a mechanical stimulus

MEMS (Microelectromechanical System) – the integration of mechanical elements, sensors, actuators, and electronics on a 
common silicon substrate

µCT (micro Computer Tomography) – medical imaging method employing tomography where digital geometry processing is 
used to generate a 3-dimensional image of the internals of an object from a large series of two-dimensional X-ray images 
taken at sub millimetre resolution. 

SLV (Scanning Laser Vibrometry) – technique used for measuring vibrations in an object by focusing a laser beam on a 
range of points and employing interferometry principles to measure  movement within the object 
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Why crickets?
Crickets (Fig. 1 ) possess an array of 

mechanosensory filiform hairs on the antenna-
like cerci at their abdomen (Fig. 1a). The 
mechanoreceptors are deflected by air currents 
and are sensitive to both direction and dynamics 
(frequency, velocity) of air currents. Crickets 
have shown to be able to perceive airflows with 
velocities as small as 6 micron/sec (@ 30 Hz) 
and (calculated) directional accuracies of about 
5 degrees. The ultimate sensitivity of the cricket 
auditory system is hypothesised to be at or even 
below thermal noise levels illustrating 
astonishing capabilities.

Why MEMS?
Technology is moving more and more towards 

smart solutions, adaptive/intelligent response 
systems, health and condition monitoring, 
concepts of autonomous and emergent 
behaviour. One of the critical aspects for 
achieving success is the need to develop 
generic as well as specific small, low mass, high 
sensitivity, robust, cost-effective and integrated 
“sensory systems”. Small size, small mass 
devices allow for multi-sensor arrays, better 
suited to “extraction of meaning” than single 
sensors. They can be packed in large numbers 
into small volumes, covering large areas, 
thereby increasing “perception” performance 
and providing opportunities for emergent 
behaviour. Potential MEMS applications include 
telecommunications, auditory prosthetics, 
ecological monitoring and aerofoil 
instrumentation. 
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The project is in its early stages but already shows some very promising results. A phylogeny study, for 
example, indicates that all species of cricket (at all stages of development) possess campaniform 
mechanosensors  which are believed to be significant in terms of hair preferential directionality. 
Mechanically, the deflection patterns observed in the hairs are largely mixed bending and rotation, 
particularly at low frequencies, and a length effect has been observed. It is now intended that the precise 
structural properties of individual hair sockets and associated campaniform be ascertained and that hair 
displacement, directionality and damping properties be investigated.
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The hair-socket arrangement behaves as an auditory system, able to respond to external vibrations at 
up to 10 kHz. The hairs are excited with a “white noise” chirp produced through a vibrating membrane 
and the resultant vibration measured via a MSA400 scanning laser vibrometer. The vibrometer
determines the velocity and displacement of the hair in the out-of-plane direction (Fig. 7 ). 

The single hair and array morphology of the 
cercal system, is determined using a 
combination of imaging techniques that include 
SEM, µCT and CM. SEM is used to illustrate the 
hair array in a 2-dimensional image format and 
impart geometric detail about the 
mechanosensors such as hair length (Fig. 3 ) 
and socket diameter (Fig. 4 ). µCT describes the 
hair location and distribution in 3D.
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� $ CM is used to obtain 3D images of individual hair 

sockets and crucially, the associated campaniform 
organs (Fig. 5 ), as the location of the campaniform 
around the hair socket indicate the preferred plane 
of hair oscillation. Additionally, the 3D scan data 
can be combined with high quality image 
processing tools, to produce a 3D reconstruction of 
the region of interest, allowing the visualisation and 
segmentation of multi-part and internal structures 
(Fig. 6 ). A 3D volumetric FE mesh can then be 
generated and exported for CFD analysis.

In the analysis of data, particular attention is given to the range of frequencies of biological significance 
(0-400 Hz), but also at 3-10 kHz, where previous investigations have indicated the presence of a 
rotation frequency mode for the hairs. Fig. 8 shows that the vibration peaks presented by the stimulus 
plate are clearly detected by the hairs and the measured angular displacement of the hairs stimulated 
within this frequency range, has so far, fallen in the region of 0.005 – 0.01°.

Fig. 1 Adult male cricket Acheta domesticus

Fig. 1a Mechanosensor hair array on cercus 

(image has been artificially enhanced for better 
visualisation of hairs )

Fig. 2 MEMS fabricated hair array, produced by MESA  at the University of 
Twente

Fig. 1a

Fig. 5: CM image of socket structure with three 
campaniform sensors

Fig. 6: 3D reconstruction of CM dataset (socket 
with three campaniform sensors)

Fig. 3: SEM image of  cricket cercus with 
measured hair lengths (200 – 1600 microns)

Fig. 4: SEM image of  hair-socket arrangement 
with marked socket diameter (~25 microns)

Fig. 7 In this example of the 
vibrometer output, hair velocity 
has been recorded as 600 – 1000 
nm/s

Fig. 8 A long hair of 1163 
microns, shows a clear response 
to the chirp signal stimulus


