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1. INTRODUCTION AND MOTIVATION 

Optics and spectroscopy are essential areas of modern science, widely used in 

fields such as pharmaceuticals, food safety, chemical analysis, and environmental 

monitoring. Spectroscopic instruments rely heavily on optical components to analyze 

materials with precision and sensitivity. 

My interest in this field began during my MSc studies, especially through a four-

month internship at the Department of Optoelectronics, University of Kerala. There, I 

gained hands-on experience with instruments like UV-Vis, PL, FTIR, and Raman 

spectrometers, and developed a fluorescence-based spectrometer for detecting 

adulteration in chilli powder. For my MSc project, I am working on a low-cost, portable 

Raman spectrometer and have successfully built a 3D prototype. 

This PhD research aims to deepen my knowledge in optics and spectroscopy, 

focusing on designing and developing compact, affordable spectrometers. With the right 

laboratory facilities, I plan to conduct a thorough literature review, design schematic 

diagrams, build prototypes, test samples, and refine the instruments into usable products. 

The goal is to produce at least two instruments, three research papers, and one patent by 

the end of the program. 

2. OBJECTIVES 

The primary objective of this research is to advance the design and development of 

low-cost, compact, and application-specific spectroscopic instruments, with a particular 

focus on Raman and fluorescence spectroscopy. This will contribute to the broader goal 

of enabling accessible and efficient analytical tools for various real-world applications, 

such as food safety, pharmaceutical quality control, and environmental monitoring. The 



research will bridge theoretical knowledge in optics and spectroscopy with practical 

implementation through prototype development and testing. 

The specific objectives of the research are as follows: 

 

To design and develop two portable spectrometers: 

✓ A Raman spectrometer for material identification and molecular fingerprinting. 

✓ A fluorescence spectrometer tailored for detecting adulterants in food and similar 

applications. 

✓ To implement innovative, low-cost optical configurations using commercially 

available and 3D-printed components, enabling affordable solutions without 

compromising performance. 

✓ To optimize each system through experimental validation, including wavelength 

calibration, sensitivity testing, and real-world sample analysis. 

✓ To explore and document real-time applications of the developed instruments in 

quality control, field detection, and educational demonstrations. 

To produce good quality article as academic outcomes, including: 

✓ Three peer-reviewed research publications, 

✓ Development of two functional instruments, and 

✓ Filing of one patent for the original instrument design or methodology. 



To build a solid foundation for future research and technology translation, with the 

potential to attract external funding and contribute to national goals in science and 

technology.  

3. BACKGROUND AND PREVIOUS WORK 

Developed a strong foundation in optics and spectroscopy during postgraduate 

studies, with particular interest in low-cost spectrometer design and optical 

instrumentation. A four-month internship at the Department of Optoelectronics, 

University of Kerala, provided hands-on experience in operating spectroscopic equipment 

such as UV-Vis, photoluminescence (PL), FTIR, and Raman spectrometers. This 

exposure laid the groundwork for practical knowledge in optical alignment and 

spectroscopic data interpretation. 

During the internship, successfully developed a fluorescence spectrometer using a 

webcam, aimed at detecting adulteration in chilli powder. This work was presented in an 

international conference, with the abstract titled “Development of Fluorescence 

Spectrometer Using a Webcam for Food Adulteration Detection in Chilli Powder.” The 

project demonstrated the feasibility of using cost-effective components for meaningful 

spectroscopic analysis. 

For the MSc final year project, working on the development of a low-cost, 

portable Raman spectrometer, with a working prototype already created using 3D 

modeling and affordable optical components. This prototype forms the baseline for future 

improvements and deeper research, aligning directly with the goals of the proposed PhD. 

These experiences reflect the applicant’s commitment to bridging theoretical optics with 

practical instrumentation development and form a solid platform for further innovation in 

this field. 

 

 

 

 



4. RESEARCH METHODOLOGY 

The research will follow a structured approach aimed at developing a low-cost, portable 

Raman spectrometer. The steps are as follows: 

✓ Literature Review: Study recent advancements in Raman spectroscopy, 

miniaturization techniques, and component selection relevant to low-cost design. 

✓ Design Phase: Create the schematic for the optical layout using appropriate 

lasers, lenses, filters, gratings, and detectors. Focus on cost-effective and compact 

component choices. 

✓ Prototype Development: Assemble the designed setup on an optical bench. 

Ensure proper alignment and integration of all components, followed by 

calibration using standard samples. 

✓ Sample Testing: Conduct basic Raman analysis on selected samples (e.g., food 

adulterants) to evaluate performance. Optimize optical alignment and data 

collection parameters. 



✓ Improvement and Miniaturization: Based on results, refine the prototype 

design, aiming to reduce size and improve performance. Integrate into a portable 

enclosure using 3D modeling. 

✓ Final Evaluation and Documentation: Validate the system, analyze spectral 

data, and compare with standard instruments. Prepare for paper publication and 

patent application. 

5. EXPECTED OUTCOMES 

Development of Two Functional Prototypes: 

✓ A bench-top Raman spectrometer for initial experimental validation. 

✓ A miniaturized, portable Raman spectrometer with enhanced performance and 

reduced cost for practical field applications. 

Research Publications: 

✓ At least three peer-reviewed journal papers in reputed national/international 

journals in the field of optics and spectroscopy. 

Patent Filing: 

✓ A minimum of one patent application based on the innovative design or 

application of the developed Raman spectrometer. 

Skill and Knowledge Advancement: 

✓ Advanced understanding of optical instrumentation and spectroscopy. 

✓ Hands-on experience in designing, constructing, and optimizing optical systems. 

Potential for Commercialization and Further Funding: 

✓ A technology foundation that can attract grants from agencies such as DRDO, 

DST, or MSME for scaling up the work or industrial application. 

 



Contribution to Scientific and Societal Needs: 

✓ Providing a low-cost, reliable tool for food safety, chemical analysis, and quality 

control in pharmaceuticals. 

 

6. SIGNIFICANCE AND IMPACT 

Bridging the Gap in Affordable Instrumentation: 

Raman spectrometers are powerful analytical tools but are often costly and bulky. 

This research focuses on developing a low-cost, portable alternative, making advanced 

spectroscopic techniques accessible to smaller labs, educational institutions, and field 

users. 

Applications Across Critical Sectors: 

The instrument has wide-ranging applications in food safety, pharmaceutical 

quality control, chemical analysis, and forensic studies. Its portability enhances its utility 

for on-site testing and rapid diagnostics. 

Educational and Research Advancement: 

This work contributes to building technical expertise in optics and spectroscopy, 

benefiting future students and researchers in the field. 

Potential for Patent and Commercialization: 

The innovative design and real-world application of the spectrometer open 

avenues for technology transfer, startup incubation, and commercial deployment. 

Alignment with National Priorities: 

The focus on low-cost innovation, food safety, and analytical precision aligns 

with national goals in science, technology, and health. 
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