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Introduction-Spectrum

White light from the sun could be dispersed into a continuous series of colors using prism.

Issac Newton: Founder of Spectroscopy



Spectrometer

https://www.kruess.com/en/campus/spectroscopy/history-of-spectroscopy/

Prism Spectroscope 

Spectrometer has been a fundamental exploratory tool 

in chemistry, physics and astronomy.

Solar spectrum: Fraunhofer line

www.pveducation.org

Kirchhoff (1824-1887) and Bunsen (1811-1899)  

Fraunhofer: 1787-1826

https://en.wikipedia.org/wiki/Chemistry
https://en.wikipedia.org/wiki/Physics
https://en.wikipedia.org/wiki/Astronomy


Introduction-Types of spectroscopy

Acoustic resonance

Time-resolved

Photoemission

X-ray photoelectron

Circular Dichroism

Infrared spectroscopy

Raman spectroscopy

Absorption spectroscopy
Emission spectroscopy
Elastic scattering
Reflection spectroscopy
Impedance spectroscopy
Inelastic scattering
Coherent or resonance spectroscopy

based on many perspectives from Light-matter interaction



Introduction- Optical spectrometer

Optical spectrometer  

shows the intensity of light as a function of wavelength or frequency

→ Basic tool to analyze remotely & non-destructively

Goal of spectrometer 
: identifying materials, monitoring environment, calibration colors... etc..

https://en.yna.co.kr/view/AEN20210311

010100315

https://www.innovationnewsnetwork.com/porta

ble-measurement-device-food-quality/430/

https://en.wikipedia.org/wiki/Color_vision#/media/File:Eye

sensitivity.svg

[Newport Spectromter]



Introduction-Hyperspectral imaging

Image & spectrum can be measured simultaneously

Useful information beyond human sight, typical RGB imaging

: Food inspection, environment/health monitoring, and etc.

https://hippocratesmedreview.org/applications-of-hyperspectral-imaging-

for-food-quality-analysis/

http://hyperstory.co.kr/

[Food Inspection] [Skin Analysis/Diagnosis]

https://www.novuslight.com/spectral-imaging-ready-for-on-
field-and-industrial-applications_N7527.html

[Materials sorting]

https://hippocratesmedreview.org/applications-of-hyperspectral-imaging-for-food-quality-analysis/
http://hyperstory.co.kr/
https://www.novuslight.com/spectral-imaging-ready-for-on-field-and-industrial-applications_N7527.html


Introduction- Portable Spectrometer

handheld Raman spectrometer

https://www.smithsdetection.com/products/ace-id/

VAYA – Agilent Handheld Raman Spectrometer

https://overtech.com.sa/vaya-agilent/

Bruker handheld Raman Spectrometer

https://www.bruker.com/

127 x 89 x 56 mm

257 x 127 x 60 mm

830 nm laser

LinkSquare – Agilent Handheld Raman Spectrometer

https://stratiotechnology.com/

114 x 23.9 mm
89.1 mm x 63.3 mm x 34.4 mm

250 x 280 x 90 mm

Miniature Leaf Spectrometer

http://www.lightwindcorp.com/ F-750 Produce Quality Meter

http://www.lightwindcorp.com/

https://www.smithsdetection.com/products/ace-id/
https://overtech.com.sa/vaya-agilent/
https://www.bruker.com/
https://stratiotechnology.com/
http://www.lightwindcorp.com/
http://www.lightwindcorp.com/


Smartphone Spectrometer

Courtesy of Consumer Physics.

’17 CES
Changhong, Analog Devices, and Consumer Physics IEEE JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS (2019)

Cloudminds XITM

world’s 1st cloud-based handheld Raman spectrometer



Motivation

- Smartphone and CMOS Image Sensor : Samsung’s Big Biz

- Smartphone user experiences require outstanding sensor platform

1) Image Sensor is full array of photodetector

2) Spectrometer is strong candidate to provide superior sensor platform for smartphone

How?

[Samsung’s Precise and Sensitive Image Sensor]

Is there any way to utilize image sensors to spectrometer ?



J.Y, T A-O, W.C, T.H, Science, 

371(6528), ebae0722 (2021)

How Can We Make Spectrometer Compact ?

https://www.hamamatsu.com/jp/en/product/typ

e/C12666MA/index.html

Absorption 

by QD

Diffraction 

by grating

Our Approach

Still Large to embed smartphone

Not CMOS-Compatible & heavy algorithm

We should reduce its dimensions as small as possible → Miniaturization! 

Diffraction of light from limited space

Absorption to remove 

unwanted wavelengths of light

Moving, Varing component needed to 

control actively

https://www.nature.com/articles/nature14576

Variable light path- interference

https://www.fringe.com



Key Technology : Fabry-Perot Resonator

• Interference of light : superposition of waves 

- controllability of light in a particular range of wavelengths

- Constructive interference determines   

• Fabry-Perot resonator (optical cavity with two parallel reflecting surfaces)

- Optical bandpass filter with controlling Q(δλ) and λcenter

https://en.wikipedia.org/wiki/Fabry%E2%80%93P%C3%A

9rot_interferometer#/media/File:Fabry–Pérot_etalon.svg

https://en.wikipedia.org/wiki/Fabry%E2%80%93P%C3%

A9rot_interferometer#/media/File:Etalon-2.png

R1 R2 What determines δλ and λ?

λcenter

δλ
Reflectivity

Cavity Loss

R1,R2

λ
Optical path 

length

n*L



l(nm)

Device Design

l(nm)

Vis-NIR

Resonator

Fabry-Perot resonator 
Reflector

VisNIR
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Device Fabrication

Binary photo/Etching Repetition by 2N, N=integer



From Device to Analysis

Samsung

S5K4E8

Image Sensor + Nanophotonic Filter 

40px X 40px : 64CH

Low Spatial resolution

High Spectral resolution

2px X 2px : 16CH

High Spatial resolution

Low Spectral resolution

On-Chip spectrometer

: Raman spectrometer

Hyperspectral Image sensor

16CH

l1
l2

l7

l16
l15



Smartphone based Raman Spectrometer

U. J. Kim et. al. Nature Communications (2023)



Raman Scattering and Fingerprint

• Raman scattering

• Discovered by C.V. Raman in 1928. (Nobel prize in 1930)

• Inelastic scattering of photons by matter

• Energy change of incident light,

• ~ 10-5 % of incident light

• Involves with vibrational energy of molecules → Fingerprint of materials

Sir Chandrasekhara Venkata Raman

(1888–1970)

Tylenol

Methanol

Glucose

Raman Fingerprint



Spectrum Measurement in Chip scale

850nm LED Cyclohexane
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On-chip spectrometer

pumping laser

confocal 

geometry

sample

Simmian board

Yeonsang Park et al. Sensors and Actuators B: Chemical (2023)



Spectral information for Drug Classification

Spectral information with deep learning

Raman and fluorescence signal detection with CMOS image sensor

U. J. Kim et. al. Nature Communications (2023)



Conventional Methods for Drug Identification

DrugID, ID My Pill, Pill Identifier, Pill Finder, and Drug Info

https://www.drugs.com/imprints.php 1D 2D

This work : Spectral Barcode



Raman Fingerprint

Glu-M SR Tab. Tylenol 8 hours ER Tab.Vitamin C

U. J. Kim et. al. Nature Communications (2023)

Diabetes -Metformin



Spectral Barcode of Drugs
눈으로 구분이 가능할까요?

U. J. Kim et. al. Nature Communications (2023)



Major Component of Drugs

3대 성인병 : 고혈압, 당뇨, 고지혈증

U. J. Kim et. al. Nature Communications (2023)

삼성 서울 병원 협업

Raman Spectrum of Drugs



Data Base for Convolutional Neural Network

Untrained drugs !!

Not in the Database

U. J. Kim et. al. Nature Communications (2023)



CNN training for Drug Classification

Classification with Convolutional Neural Network (CNN)

U. J. Kim et. al. Nature Communications (2023)



Confusion matrix

~ 99% accuracy for the same component

U. J. Kim et. al. Nature Communications (2023)

Brand name :83.2%

by Major Component

by Brand Name

CNN for Spectral Barcode :

Major component : ~99%
Unknown four drugs : 99.8% 
(only one failure out of several hundreds trials.)
Brand name : 79.5% 

CNN for RGB image :
Shape and Color : 95.7%

Combination of two CNNs :
Brand name :83.2%



Hyperspectral Image Sensor for Machine Vision

Finger prints for Meat freshness 
in its fluorescence excited by 365nm LED

MyoglobinNADH

0 day 13 day



Hyperspectral Imaging System
(HIS)

Hyperspectral data cube

Food inspection

Traditional 
analysis

Machine Learning

Hyperspectral image to food inspection

Line-scan type with grating
High spatial and spectral resolution

Snap-shot type
Low spatial and spectral resolution

Low data size

to be submitted



Hyperspectral image for food inspection

to be submitted

Freshness Index = 𝐼𝑁 − 𝐼𝑀 / 𝐼𝑁 + 𝐼𝑀
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NADH Myoglobin

𝐼𝑁 𝐼𝑀

line scan type HIS + traditional analysis
Freshness of beef  : evaluated by data from spectral images 
→  NADH and Myoglobin fluorescent peak determines freshness.



Hyperspectral image for food inspection

Snap shot type HIS with Machine learning

Filter arrays integrated on image sensor

Samsung’s 4E8 image sensor

NADH



Hyperspectral image for food inspection

상 중 하

형광 이미지

Demosaic 이미지



Hyperspectral image for food inspection

Generating decision boundary

supervised learning

Dimensionality reduction



to be submitted



Polychromatic Vision for Smart Farming

න𝑅 𝜆 𝐼 𝜆 𝑑𝜆
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𝑅 𝜆 : responsivity of cone cell

𝐼 𝜆 : input spectrum



Color Discrimination Sharpness

𝐡 = ℎ𝐿 , ℎ𝑀 , ℎ𝑆
⇒ ℎ𝑟 , ℎ𝜃 , ℎ𝜑

𝐛 = 𝑏𝐿 , 𝑏𝑀 , 𝑏𝑆
⇒ 𝑏𝑟 , 𝑏𝜃 , 𝑏𝜑



Post-Maturity Detection by Butterfly Vision

α = arcco s Τ𝐡 𝑖 ∙ 𝐡𝟎 𝐡 𝑖 𝐡𝟎∆𝐸𝑎𝑏
∗ = ∆𝐿2 + ∆𝑎∗ 2 + ∆𝑏∗ 2



Poly Chromatic Vision for Post-Maturity



Summaries
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- NIR

- Low Spatial resolution

- High Spectral resolution

Raman spectrometer (785nm)

- UV-NIR

- High Spatial resolution

- Low Spectral resolution

Hyperspectral image sensor 

: Fluorescence (365nm)

- UV-NIR

- High Spatial resolution

- High Spectral resolution

Hyperspectral image sensor 

: Reflectance (ambient light)

Raman Spectrometer 

Reflectance

Drug Classification

Machine Vision

Smart Farming


