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Abstract: In this work we demonstrate multispectral imaging based on a butterfly wing as a 

photosensitive screen, all-optical readout by holography and numerical reconstruction of images in 

real-time by embedded stand-alone platform. © 2022 Hrvoje Skenderović 

 

1. Introduction 

Signal detection and imaging in invisible spectral regions is interesting in both military and civil applications. 

Therefore, there is a constant need for improving devices sensitive on UV, IR or more recently THz radiation. In a 

core of modern imaging devices is a focal plane array (FPA), i.e., an array of radiation detectors placed in the focal 

plane of an imaging system. The detectors, like photodiodes, photoconductive detectors, or thermal detectors, give 

rise to two-dimensional picture, usually by using photon energy to charge capacitors for specific pixels. 

Particularly, IR detectors fall in two categories: photon or thermal detectors [1]. Former, based on semiconductor 

materials whose bandgap can be energy tuned to respond to near, short, medium, or long-wave IR radiation, offer 

excellent signal-to-noise ratio and fast imaging but they require bellow room operating temperature because of 

thermal noise. In thermal detectors, the incident IR radiation induces a change of a temperature-depended physical 

property which is converted in electric signal and used for signal processing or visualization. They do not need 

cooling but operate at lower frame rates. 

There were some efforts to design an imaging device based on micromechanical deflections of FPA elements and 

visualization of deflections by optical readout. In one of these efforts [2], the optomechanical thermally sensitive 

pixels were implemented by bimaterial cantilevers which were read by optical diffraction. Here, we present 

imaging based on a butterfly wing as the FPA, and optical reading by holographic interferometry. Additionally, we 

implemented numerical reconstruction of holograms on stand-alone platform in real-time, so that imaging does not 

require a central processing unit (computer). In the future, by fabricating artificial biomimetic material based on 

remarkable butterfly wing microstructure and compacting the holographic readout this can devised in a 

multispectral camera. 

2. Principle of Operation 

In Figure 1 we show microscopic image of the Morpho butterfly wing where wing scales are clearly visible.  

 

Fig. 1. Morpho Peleides butterfly wing and its scales  

The functionality of a butterfly wing as our FPA relies on mechanical action of gas molecules on bodies heated by 

electromagnetic radiation – thermophoresis. Due to micro-cantilever design of wing scales and 100 nm dimension 

of their internal nanostructure [3], radiation falling on the wing induces radiation pressure on scales without need 

of reduced air pressures. Recently [3], it was shown that visible and NIR radiation causes deflections measurable 

by holographic recording of illuminated wings.  
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To investigate this effect further we used a holographic setup in image-plane Twyman-Green configuration, Figure 

2. Along with the He-Ne holographic setup, excitation laser beam coming from the Spatial Light Modulator (SLM) 

is implemented for spatially structured excitation of the wing scales. 

 

Fig. 2. Experimental setup for a holographic reading of the FPA. Our object is sample of butterfly wing playing the role of FPA 

In next versions of experiment, the computer is replaced by embedded stand-alone GPU platform 

3. Results 

The butterfly wing was excited by green cw laser beam which was shaped by SLM. Taking hologram recordings 

with and without excitation beam and reconstructing the resulting interferogram the shape of the beam could be 

reproduced. 

  

Fig. 3. Recontruction of beam shaped as a circle (left) and a triangle (right) 

 

Example of excitation by shaped beams is shown in Figure 3. Dynamic and spatial characteristics of image reconstructions 

will be presented in detail. 
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