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TECHNICAL NOTE

Arduino-based wireless spectrometer: 
a practical application
Jaeseong Shin and Han‑Kyu Choi*   

Abstract 

We provide a technical report on designing an Arduino‑based wireless spectrometer using an old spectrometer. 
The designed spectrometer is environmentally friendly and cost‑effective and can be used in physical and analytical 
laboratories. The Arduino‑based wireless spectrometer enables students to understand the fundamental theory of 
spectroscopy and wireless communication among instruments. The rotating motions of the mirror and grating turret 
inside the spectrometer are controlled by a pre‑written source code based on the Arduino program. This procedure 
can give an insight into spectroscopic analysis and telecommunication skills using computer‑based software. Using 
our customized spectrometer, we measure Raman spectra from a silicon wafer, 4‑nitrobenzenethiol, and rhodamine 
6G, which serve as representative Raman probe molecules. From our results, we conclude that our approach provides 
intuitions for wide applications of Arduino‑based chemical instruments.
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Introduction
Technological advancement in spectroscopic instru-
ments has led to a new opportunity to unravel the 
unknown chemical reaction mechanisms (Choi et  al. 
2016b, 2019). To monitor transient species in chemical 
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reactions using spectroscopic analysis, it is necessary to 
improve spectral resolution to separate overlap peaks 
originating from different molecules (Choi et al. 2016a). 
In this regard, a highly efficient spectroscopic instrument 
has attracted attention for spectroscopic and microscopic 
analyses. However, in achieving high-resolution spectro-
scopic analysis, the bulkiness of the spectrometer and 
the wire of power supply limits its operation in a labora-
tory environment. Wireless communications among each 
instrument are required for the optimized and conveni-
ent experimental environment.

In addition, with the developments in spectroscopic 
analysis, the old spectrometer has become nearly obso-
lete because of its low sensitivity and hard operation. 
Using such unused spectrometers to improve students’ 
understanding of the fundamental operation of a spec-
trometer can be beneficial to both education and 
recycling older instruments. Recent approaches have 
attempted to design and build cost-effective and edu-
cational spectrometers (Mundy and Potgieter 2020; 
Kubínová and Šlégr 2015; Emmanuel et al. 2021). Previ-
ous reports have demonstrated spectrometers based on 
low-cost and homemade electronics using Arduino (Poh 
et  al. 2021; Laganovska et  al. 2020). Arduino is a hard-
ware and software open-source electronic platform. It 
has shown versatile applications and can be used to build 
a wireless environment (Choi et  al. 2022; Biswas et  al. 
2021; Das et  al. 2016). Thus, we proposed an Arduino-
based wireless spectrometer that is cost-effective and can 
be employed for telecommunication, using an unused 
spectrometer.

This paper discusses a spectrometer incorporated with 
Arduino and the Bluetooth technology to implement a 
wireless environment. A code-based platform can con-
trol the stepper motors for the rotating mirror unit and 
grating component in the spectrometer, which are the 
most important components in a spectrometer. From our 
spectrometer, we are able to measure the Raman spectra 
of representative Raman probe molecules, such as sili-
con wafer, 4-nitrobenzenethiol, and rhodamine 6G. We 
expect that this project will provide undergraduate stu-
dents with various opportunities to study advanced phys-
ical and analytical chemistry, such as basic spectroscopic 
analysis, building a code, and working in a wireless envi-
ronment. In addition, this device will be a cost-effective 
and eco-friendly instrument.

Experimental section
Components and specifications
A Bluetooth receiver (Bluetooth CSR 4.0 Dongle) was 
plugged into a computer to communicate between a 
Raman spectrometer (MS 5004i; NT-MDT) and the 
computer. The Raman spectrometer was disassembled 

in a micro-Raman microscope setup. The signal accepter 
(HC-06 Bluetooth module), motor driver (NTRexLAB, 
MW-VSTB24D2S-v2), and stepper motor (BERGER 
LAHR, RDM 253/50) inside the spectrometer were con-
nected to the main controller (Arduino Uno R3 micro-
processor). The pin mapping and wire connections are 
presented in Fig.  1 and Additional file  1: Table  S1. For 
applying the voltage, a 9  V battery and a 12  V power 
supply (TWINTEX, TP-1303) were connected to the 
Arduino Uno and stepper motors, respectively. Before 
the spectrometer operation, the main code was uploaded 
via a USB cable.

Code for the operating device
The code was written using Arduino IDE software 1.8.4. 
The code for operating the stepper motor is based on 
the < PWM.h > library. The full code is available in Addi-
tional file 1: Section B.

Connection between Arduino Uno and HC‑06
Figure  1A shows the wiring diagram for Arduino Uno, 
Bluetooth module (HC-06), stepper motor drivers, and 
stepper motors inside the spectrometer. The detailed pin 
mapping is described in Additional file 1: Table S1.

Results and discussion
Bluetooth communication using a smartphone
To check Bluetooth communication between HC-06 and 
a smartphone that includes the Bluetooth receiver, we 
downloaded the ‘BlueTooth Serial Controller’ Android 
app from Google Play Store and ran on an Android 
smartphone (Samsung Galaxy S20 + 5G, SM-G986N). 
‘SoftwareSerial.h’ in the basic library for Bluetooth com-
munication in Sketch was uploaded to the Arduino 
Uno board and the serial monitor. To connect the step-
per motor (RDM253/50) with the stepper motor driver 
(MW-VSTB24D2S-v2), we extended the wire of the step-
per motor to the outside and determined the digital pin 
map using a digital multimeter. Before the Bluetooth 
communication, the spectrometer was paired with the 
smartphone. When we inputted the command to rotate 
each stepper motor, it showed that each stepper motor is 
gently rotated in a clockwise and counterclockwise direc-
tion (see the video clip for Additional file  2). Therefore, 
we were able to successfully control the rotational motion 
of each stepper motor via Bluetooth.

Bluetooth communication using a USB dongle
For wirelessly controlling the spectrometer, we uploaded 
the main code to the Arduino Uno with the USB cable. 
The transmit data (TXD) and the receive data (RXD) 
of HC-06 should be uploaded without connecting to 
the Uno Digital pins 0 and 1 to avoid an upload error. 
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Fig. 1 a Overall Arduino configuration chart using Fritzing software version 0.9.3b. b Overall connection photograph for controlling the stepper 
motor with Arduino Bluetooth
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When controlling the two stepper motors individually, 
we have to determine the optimized duty cycle and fre-
quency using pulse width modulation (PWM) to gently 
rotate each stepper motor. Actual operation transmits a 
signal to the Arduino Uno through the Bluetooth mod-
ule, and the signal is transmitted to the motor driver to 
operate the stepper motor. The operation code inputted 
to the library header file “#include < PWM.h > ”, which  is 
used for controlling the PWM of the stepper motor at the 
beginning of the source.

Additionally, a motor corresponding to the mirror and 
the Arduino Uno pin used for the rotation direction and 
speed control of the motor corresponding to the turret 
were inputted into an output connector of the motor 
driver, and a command for the speed value and operation 
of each motor was inputted into a ‘void setup’. The details 
of motion controlling command are provided in Table 1.

Figure  1b shows the experimental setup image of a 
wirelessly controlled spectrometer. When we control 
the mirror unit,  we input the commands for clock-
wise rotation, stopping, and counterclockwise rotation 
of mirror unit (Table 1). Figure 2 shows the before and 
after rotations of the mirror (upper panel) and grating 
turret (lower panel) (see Additional file 1: Section B and 
Additional file  2 for further details). On the basis of 
these movements, we can conclude that the spectrom-
eter is controlled by Bluetooth communication.

Spectral measurement using spectrometer
Using the proposed spectrometer, we set up a cus-
tomized Raman system. Figure  3a shows the 
experimental setup of the customized Raman spec-
trometer. We measured Raman spectra from the 
representative Raman probe, such as silicon wafer, 
4-nitrobenzenethiol, and rhodamine 6G. Figure 3b dis-
plays the measured Raman spectra of each molecule. 
The Raman spectra are clearly shown as the representa-
tive data. The major peak of Raman spectrum from 
silicon wafer can be assigned as 519  cm−1. In addition, 
Raman spectra from 4-nitrobenzenethiol and rhoda-
mine 6G also show their characteristic peaks using 
our experimental setup. The detailed peak assignment 
is described in Additional file 1: Table S2. This implies 
that the proposed instrument can be used as the spec-
trometer with high spectral resolution.

Table 1 Command for the motion control of the stepper motor

Command Motion

“1” or “q” The rotating direction 
of the stepper motor 
changes to the right

“2” or “w” The rotating direction 
of the stepper motor 
changes to the left

“3” or “e” Stop the rotating motor

“4” or “r” Rotate the stopped motor

Fig. 2 Rotating motion of the a mirror and b grating turret
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Conclusion
In summary, we have provided a wireless spectrometer 
system using Arduino-based Bluetooth communication 
with open-source software and hardware. We can con-
trol the stepper motor inside the spectrometer based 
on the wireless communication between the computer 
and the spectrometer. Our results showed that con-
trolling and fabricating the Arduino-based spectrom-
eter provide an opportunity for students to develop 
their instrumentation and spectroscopic knowledge 
and skills. This research will provide an opportunity to 
recycle unused instruments and help impart knowledge 
of spectrometers to undergraduate students.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s40543‑ 022‑ 00353‑2.

Additional file 1. Section A. Wire connection between the Arduino uno 
and the motor driver. Table S1. Pin mapping for Bluetooth communica‑
tions. Section B. Bluetooth communication code for operating step 
motor. Section C. Peak assignment for Raman spectra of silicon wafer, 
4‑nitrobenzenethiol, and rhodamine 6G. Table S2. Raman peak assign‑
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