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Abstract

Microscopy, especially the kind that uses specialised imaging techniques, is com-
monly an expensive endeavour, making its accessibility problematic. This motivates
the development of an open-source microscope that incorporates open-source technolo-
gies like Arduino, 3D printing, and Raspberry Pi to reduce this cost and barrier to
entry. Additionally, using such technologies yields significant freedom for the end user
to customise designs and empowers them to facilitate their own needs. The Creative
Technology design cycle was used to guide the design of microscopy hardware and eval-
uate it with an end user, resulting in a fully functional prototype for the inspection of
3D prints and electronic boards.
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1 Introduction

Microscopy is truly one of the cornerstones of modern science: What we cannot observe, we
cannot reason about or manipulate, after all. Antonie van Leeuwenhoek's pioneering work
in microscopy directly led to the development of microbiology[1], allowing humanity to
become more educated on the foundations of life itself. Today, microscopes are commonly
used in educational contexts such as schools and universities, where they are especially
indispensable in the life sciences. These devices come at a cost, however, quickly ranging
from hundreds to thousands of EUR[2]. Cheaper microscopes exist, but these tend not
to allow for imaging techniques beyond simple bright-�eld microscopy, and are closer to
toys than scienti�c instruments in nature[3]. In tandem with this last concern, a client in
the Robotics and Mechatronics (RaM) laboratory of the University of Twente has a need
for a Raspberry-Pi-based microscope using open-source hardware to inspect 3D prints and
electronics. This client organised the project and supervised the work. The end user of
the aforementioned device shall be a person working in the RaM lab, who has a speci�c
desire to inspect 3D prints or electronic boards. By developing an open-source microscope
for this client, accessibility to science due to the cost of microscopy could be improved, and
a contribution to the open-source community could be made. A �nal stakeholder in this
project is fellow student Matei Obrocea, who shall be responsible for the software of the
microscope.

Undertaking the task above is no trivial feat, as it involves several challenges. These
challenges include

ˆ Performing a literature review that outlines the state of the art in open-source mi-
croscopy.

ˆ Designing functional, modular microscope hardware.

ˆ End user feedback collection for design speci�cations.

ˆ Ensuring clear, stable optics with adequate magni�cation and other optical operations.

ˆ Implementing a proper focus mechanism for the optics.

ˆ Controlling the X-Y position of the sample relative to the optics with PID control.

ˆ Ensuring proper data acquisition from the camera module to an input into software
on the Raspberry Pi.

and can be distilled into a set of three research questions:

1. Can a high-performing microscope with open-source electronics be implemented?

2. What speci�c microscopy needs does the end user have?

3. How can an easy-to-use microscope addressing these needs be designed and built for
the Raspberry Pi and its camera module?

Attempting to answer these research questions yields an organised, focused approach to
developing the microscope.

4



2 Background

Designing microscopy hardware is a challenging task. One needs to take into account myr-
iad technical requirements and combine them all into a reliable device that is user-friendly.
Pitfalls may be easily overlooked in the design of such a complicated machine, making it
essential to be well-informed about what "good design" entails before embarking. This quest
for knowledge also provides an overview of what has already been done in the past, putting
tremendous amounts of trial-and-error on our side and preventing reinvention of that which
already exists, thereby clearing the way for innovation. Additionally, an early encounter
with the supervisor of the overarching graduation project - to which this literature review
belongs - revealed a need to use a speci�c imaging technique namedRe
ectance Transforma-
tion Imaging (RTI) to image surface details in a 3D printed membrane. An understanding
of the working of RTI and technical details of current implementations of it should be gained
for this purpose. Literature review is an e�cient way to address the above, from which the
aim is to discover the answer to a series of particular questions.

1. What is the current state of the art in Raspberry Pi microscopy?

(a) What lighting systems are used in the state of the art of Raspberry Pi microscopy?

(b) What optical systems are used in the state of the art of Raspberry Pi microscopy?

2. How can modularity be introduced into microscopy design?

3. How can Re
ectance Transformation Imaging (RTI) be used in microscopy?

The �rst section of this review will concern itself with answering questions 1 to 3, while
the second section shall discuss question 4. Finally, a conclusion to brie
y sum up the most
relevant �ndings will be presented, along with a discussion of the review.

2.1 Microscopy hardware

At the heart of every microscope lies a lens, and no lens is perfect: in 2020, Bowman et
al.[4] showed that when its stock lens is replaced1, the Raspberry Pi camera module su�ers
from vignetting, a phenomenon wherein the saturation of colour diminishes towards the edge
of the image, andcolour crosstalk, where multiple �ltered lightrays may activate the same
light sensor. Concretely, this means an image that is darker and distorted in colour towards
its edges. To counteract this, the authors propose a calibration setup that can easily be
replicated with 3D prints in order to obtain calibration data to correct the image using two
software solutions of their invention. One of these software solutions works in real-time,
while the other features post-processing of images[4].

The problem above could well turn out to be signi�cant for the quality of images obtained
from the microscope, but is less crucial to early prototypes. To produce these prototypes,
let us now consider an overview of the state of the art. Deglint et al.[5] designed a compact,
low-cost multispectral microscope2 in 2016 that features a stack of 3D printed parts that
�t together. Interestingly, the lens and camera of the microscope inspect the sample from
the bottom, which might make the design more stable due to a low centre of mass. The

1This is relevant for this project, as the stock lens has no magni�cation and is thus not suited for
microscopy, meaning an o�-the-shelf lens with magni�cation will be used.

2That is to say, a microscope that can detect multiple intervals in wavelength of light.
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design has some modularity in the sense that a certain component can be used to house
optional additional electronics, and that all components except two have the same hardware
"connector" to each other.

Figure 1: Exploded-view image of the 2016 Deglint et al. microscope[5] with description of
parts.

More use of modularity presents itself with Nu~nez and Matute et al. (2017)[6], who
produced a fully modular 3D printed design. Di�erent kinds of lenses and light �lters can
be swapped in and out, provided they �t within the detachable camera holder, and the focus
of the lens is adjusted manually by turning a gear. The overall distance between the camera
and the sample can be changed using a simple friction mechanism consisting of a handle
that screws in and out, which gives some (likely crude) control over magni�cation. When
in use, a front panel is attached to block ambient light.
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Figure 2: Close-up view of the camera holder and lens focusing system in the Nu~nez and
Matute et al.[6] microscope.

Figure 3: Lateral view of the Nu~nez and Matute et al.[6] microscope design.
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Figure 4: Low-detail overview of the Temiz microscope[7]. Note the mechanism to change
magni�cations.

Brie
y moving away from only 3D prints, in 2020 Temiz[7] produced a design consisting
largely of LEGO, allowing for very signi�cant customisation and expansion by the end user
without any fabrication equipment. Immediately obvious is the lack of any sort of enclosure,
meaning ambient light is not blocked at all. The design features several linear actuators
driven by electric motors, and uses one of these actuators to change the magni�cation of
the microscope by changing the distance between the light sensor and the lens.

In an e�ort adjacent to conventional microscopy, Vernon et al. (2022)[8] constructed a
setup to monitor and control the position of droplets on a Surface Acoustic Wave (SAW)
device. The hardware surrounding the Raspberry Pi and its camera module is basic in this
design, consisting of a rod the camera is mounted to. Vernon et al. provide a diagram of the
control scheme used, which may prove valuable as inspiration for the overarching project.
Additionally, 
uorescent measurements were demonstrated using this setup. Also on the side
of unconventionality is a design by Wang et al. (2018)[9], who produced a highly compact
microscope designed to be placed inside cell incubators to wirelessly monitor growth. Its
simplicity is remarkable, and it features a dual lens setup to magnify the object and bring
the focal plane to the light sensor. However, no consideration has been put into modularity.

A simple improvement to a standard lab microscope was presented by Steiner and
Rooney[10] in 2021. The group developed a 3D-printable stage that allows for automatic
movement of samples in a a conventional, commercial microscope. The design uses two
servos that drive linear actuators to facilitate X,Y movement of the sample, similar to the
aforementioned LEGO design by Temiz[7]. Although modularity is not explicitly men-
tioned, the "arm" that holds the sample seems to be fairly straightforward to swap out to
hold samples of di�erent sizes.
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Figure 5: Control scheme used in the Vernon et al.[8] opto-acousto
uidic system.

Figure 6: Lateral- (top right) and schematic (top left) views of the Wang et al. microscope[9].
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Figure 7: CAD model of the Steiner and Rooney microscope stage[10].

Figure 8: Labelled CAD model of the OpenFlexure design by Collins et al.[11].

The Raspberry Pi is linked to open-source projects: Collins et al.[11] provided a very
signi�cant contribution to open source microscopy in 2020: TheOpenFlexure microscope.
The design is highly modular, even allowing for several di�erent microscopy techniques, and
is easily con�gurable for automated imaging. Additional features like autofocus are also
discussed. There exists another design in the OpenFlexure line: TheOpenFlexure Delta
stageby McDermott et al. (2022)[12]. It is similar to the OpenFlexure microscope decribed
above, except that its optics module is utterly stationary, allowing for the implementation
of even more microscopy methods than the original.

Onwards in this "microscopy platform" line of thinking, we also encounter UC2, open-
sourced by Diederich et al.[13] in 2020. Another highly modular system presents itself here,
this time incorporating each functional part of the microscope into identical cubes that lock
together magnetically. The customisability is truly unmatched, with a proposed work
ow
of imagining functionality, then building the microscope according to it.

In a more speci�c case, Watanabe et al. (2020)[14] implemented Raspberry Pi microso-
copy using its camera module, standard laboratory hardware, and a square LED matrix to
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Figure 9: A 3D printed OpenFlexure Delta stage by McDermott et al. [12].

Figure 10: Example of manufacture of a microscope using UC2 by Diederich et al.[13].
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