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Mission objectives
The aim of the experiment is to carry out observations on the impact of microgravity on the metamorphosis process and behaviour adaptation of a holometabolous insect species.
A fly species (belonging to the Order Diptera, Suborder Brachycera) will be used as model organism.
These insects have a complete metamorphosis process called holometabolous development, in which they undergo a drastic transformation of their morphological and anatomical structure, as well as of their physiology and behaviour, keeping the nervous system and the circulatory system unchanged.
In microgravity conditions, the amount of weight that a body supports is close to zero, and this has several effects on the human body, including decalcification of bones that are no longer subjected to the stresses that they have on Earth.
Based on this assumption, we hypothesize that the chitin exoskeleton, supporting the insect body and protecting the organs, during the pupal stage (e.g. phase of holometabolous insects undergoing transformation between larval and adult stages), would be deeply affected under conditions of microgravity. Having to support less body weight, the exoskeleton shape and functions could be mutated. 
Once the metamorphosis is complete, the fly will try to use its wings to fly, but how it can adapt its flight behaviour to these new conditions, has never been reported in previous studies.
The pupal stage, about 8 mm long, is passed in a pupal case formed from the last larval skin which varies in color from yellowish, red, brown, to black as the pupa ages. The shape of the pupa is quite different from the larva, being bluntly rounded at both ends. Pupae complete their development in two to six days at 32 to 37°C, but require 17 to 27 days at about 14°C.
Experimental conditions, beside microgravity, will be maintained at 21 ± 1 °C,
55 ± 5% R.H., and 16:8 (L:D) photoperiod. Once emerged from pupae, adults will be fed with a mixture of yeast extract, and sucrose at a ratio of 1:10 (w:w), while water will be provided separately on a cotton wick.
The emerging fly escapes from the pupal case through the use of an alternately swelling and shrinking sac, called the ptilinum, on the front of its head which it uses like a pneumatic hammer to break through the case.



Experiment Description
The experiment aims to explain and show the development of holometabolous insects, from larval stage to adulthood, under the effects of microgravity. The pupae will be placed inside the CubeSat, with one or two small cameras constantly monitoring them. The particular environmental conditions will, most likely, alter the morphological and anatomical structure of the adult insect as a physiological adaptive response to a new environment.. The camera will film the emergence of the insect from the pupal case in detail, but also their growth and behaviour in a zero-gravity setting, leading up to their eventual death. The normal fly behaviour, such as tropisms, could be altered in a variety of ways, including the inability to use wings or normal flying patterns. 
The experiments results will then be compared with a control specimen, developed in a different CubeSat on Earth, with normal gravity conditions
Technical aspects
The data will be gathered by a variety sensors interfaced with an Arduino Micro board integrated in the CubeSat.
Arduino is an open-source hardware and software company, that designs and manufactures single-board microcontrollers. Arduino Micro is one of their smallest boards produced, while maintaining the same functionality of the Arduino Duemilanove, it possesses the highest number of analog pins, essential for the reading of the sensors’ values.
The board will be loaded with a program written in C language, to control various sensors, whose informations, such as images from the camera, will then be read and sent back to Earth. Later, they will be analyzed, in conjunction with the data from the control experiment, with a Python and OpenCV program.
A dosimeter and a magnetometer will monitor, respectively, the levels of ionizing radiation and magnetic field penetrating the CubeSat, in order to determine if there’s a correlation between these factors and the development and behaviour of the tested insect.
An infrared detector and an RTC (Real Time Clock) will be used to better coordinate the activation of the sensors, thus optimizing the consumption of electric power by the Arduino Micro.
Lastly, a micro-camera will be installed on a face of the CubeSat, for documenting the fly’s appearance and capturing its behaviour. A ruler will be put on every visible edge, to precisely map the flying patterns in conditions of microgravity. Depending on the camera’s characteristics, a transparent barrier, between the equipment and the living space of the fly, may be put in order to avoid blind-spots.
The gathered data will be memorized on an SD card with the capacity of several GigaBytes, based on the definition of the micro-camera used. Two photos (one for every camera) will be taken every 10 seconds under normal conditions, and, if a movement of the insect is ascertained by the sensors, the frequency of the shots will increase to allow a higher precision. Considering that a photo of 640x480 pixels with 16.7 million colors weighs about 900kB, 1GB of memory would allow 1.165 photographs; on average, the necessary capacity to store 24 hours of data will be approximately of 25GB.
The data will be organized in packages, managed through Arduino’s SD library, named in numerical order (e.g. the 190th package sent will take the name of ‘190’). Moreover, every package will contain three files, including two images and text file containing the data of the various sensors.
As the packages are sent, they will immediately be overwritten by new ones.
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