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Abstract 
During scientific research in the field of 

capillary electrophoresis (CE), many expert 

groups faced the need to build and control 

their purpose made experimental set-ups. 

Depending on the complexity of the 

experiments, a wide variety of different 

hardware from different vendors must be 

combined to an integrated composition. On 

the one hand from the fluid side to the other 

in an appropriate electronic way. The most 

common hardware interface these days is a 

USB connector, but also RS232/485 and 

analog interfaces are prevalent. To automate 

the experiments for autonomous operation 

the use of a personal computer is reasonable 

and plays the role of a mediator between 

hardware and software control. The most 

common interface on a PC, to enable 

hardware communication, is only a USB port. 

For analog and digital input and output, 

additional hardware is required to meet this 

challenge. In the scientific community a new 

trend emerged in recent years controlling 

self-made experiments with the “Arduino” 

open-source hardware platform 1,2. The core 

of an Arduino board is a microcontroller on a 

standardized circuit board that connects to 

different components of experimental 

systems to enable monitoring and control 

abilities. The widespread acceptance of the 

Arduino platform stems from the 

corresponding integrated development 

environment for easy programming 

compiling and uploading code to the 

microcontroller. Countless code examples 

and straightforward support is available 

through the constantly growing user 

community.  

The drawback of using the Arduino platform 

is the limited ability to interactively control 

and monitor processes. The control code is 

stored inside the microcontroller and can 

only be modified by uploading a recompiled 

version. To overcome this limitation the 

research group of Peter C. Hauser (University 

of Basel, Department of Chemistry) identified 

the need for an easy-to-use and adaptable 

graphical user interface (GUI) to control 

purpose-made experimental systems and 

developed the Instrumentino software3,4. 

Instrumentino is a user-friendly open source 

Python5 framework and released under GNU 

General Public License. Downloading and 

also contributing is possible at the GitHub 

repository6  

One part of Instrumentino is the Controlino 

sketch (controlino.ino) that needs to be 

uploaded on the Arduino. This sketch enables 

a textual master / slave communication 

between Instrumentino and the Arduino 

board over a USB connection. The complete 

communication overview is shown in Figure 

1.



 

 

 

 8 Funded by the Horizon 2020 
Framework Programme of the 
European Union 

 

for interaction and debugging. For example 

to set the digital pin 2 on the Arduino to high 

state, define pin 2 as output pin with the 

command “set D2 out” followed by “write D2 

digi high”. When successful the Arduino 

response is “Done!”. The so far implemented 

command strings can be found in 3. 

 

Figure 1: Data flow using instrumentino in purpose-
made experimantal CE setups (reprinted with 
permission from I.J. Koenka) 

The Instrumentino Python code generates 

the user front-end for communication with 

Controlino and acts as the master in the 

defined communication protocol. During 

initial setup, the user needs to configure the 

system description file in Python, which 

keeps all controlled system components and 

their connection ports to the Arduino 

microcontroller (e.g. solenoid valve, 

connected to Arduino on pin 5 to switch it on 

and off). All system actions can also be 

defined here, which can then be executed in 

the GUI (e.g. close the valve, wait X seconds 

and then open it again). The GUI features 

three sections to gain full control and 

monitoring over the corresponding hardware 

(see Figure 2). Far left is the section for direct 

manual control of components (e.g. setting 

voltage, pressure…). In the middle section, 

the user can define and save methods out of 

system actions and run them as sequences 

for a defined number of repetitions. The log 

panel on the right side enables logging of all 

system actions with execution timestamp. 

The log-file is stored locally and acts as a lab 

journal to document conducted experiments 

with all settings and parameters. The second 

mode of the panel is the signal-log, a timeline 

graph that draws all measured signals during 

method execution. 

 

Figure 2: Instrumentino user interface (GUI) to 
control and monitor CE experiments (reprinted with 
permission from I.J. Koenka) 
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