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Hyperspectral imaging Spectroscopy

A good way to work with materials, identify them, or define their properties is to study how light interacts with them,

detecting their different spectral signatures.

Hyperspectral

inspection

Spectroscopy

inspection

Strictly connected

The spectrum describes the amount of light at different wavelengths, and it

shows how much the target emits, reflects, or transmits light. These phenomena

are strictly connected to the molecular compounds of the material itself.

Hyperspectral images produce a spectrum (represented by several hundred

numbers) at each pixel in an image.

CHEMICAL IMAGING

Chemical imaging is a term used to

describe those images of the materials

obtained as a function of their chemical

distribution, from simultaneous

measurement of spectra and spatial, time

information.



Starting from the analysis of the spectra will be possible to extract the chemical

information regarding the observed objects.

Concept of frames

False Color Image

How are the data obtained?



Process flow for hyperspectral data analysis

In House Applications developed in MVTec Halcon (C++, C#, Python Interfaces)

- Data Acquisition & Visualisation

- Possibility to integrate and develop always new algorithms for data analysis.

ImageS Hyperspectral Procedure library 

based on Halcon



Hyperspectral imaging applications

Agriculture

Art

Industrial

Medical

Military

Scientific

Depending on the applications a dedicated camera, with a 

well specified spectral response can be used

Fabric Inspection

Food Industry

Pharmaceutical Industry

Wood Inspection

Recycling

PCB Inspection



Examples on pharmaceutical products

Inspection of pharmaceutical products:

- Detection of products with different API

- Detection of products with same API but different dosage

- Moisture Analysis



Application on Plastic Sorting

- Hyperspectral image acquisition

- Classifier training on example spectra

- Recognition and classification

OUTPUT

Representation of 
classified objects in 

false colours 



Control of infections 

in fungi

Application on food products

Infection region

Analysis of moulds

in peaches

Identification of:

• Moisture levels and 

ripeness

• Sugar concentration

• Contusions, bruises

• Allergens, moulds and 

fungi in foodstuffs

Fruits ripening

Fruit ripening leads to

important chemical changes:

Chlorophyll degradation

Protopectin into pectic acids

Increased sugar

concentration

Protein and fat 

content



Comparison between VNIR and NIR application on fruits

Almond Sorting

Walnuts Sorting

Hazelnuts Sorting

Pistachios Sorting



Application on tomato inspection

Bruised tomato

Good tomato

Wavelength (nm)

Different defects can be detected. At 
each defect can be assigned a specific 
color in order to count the number of 
tomatoes having the same defects.

Chemical analysis can be performed in 
order to define the Brix and pH value of 
the tomatoes.

Initial calibration is needed



Chicken Brest defects

Different defects can be identify:

- Wooden Brest

- White strips

Green  Good Chicken, Red Wooden Brest, Blu  Fat

In-line Inspection of chicken quality



Aging detection – water content

The main difference between the two groups of grains is the water

content after 4 days of aging. This difference is more evidente in te

spectral range between 1350-1450nm

Eggplant drying



Sucrose Stevia Fructose

Sugar classification

Training convergence plot



Classification of different types of Olive oil

The different sample of olive

oil can be distinguished by

their color but also from

their chemical compounds

identifying the origin of the

oil itself.



Wine analysis

Red wind identification and classification by Hyperspectral camera. Comparison between VNIR and NIR spectral range

VNIR
400-1000nm

NIR
900-1700nm

Antioxidants, including trans-resveratrol, quercetin, and total phenolic content and antioxidant potential in wine grapes and wines 

can be determined by VNIR, and NIR methods



Classification of Medium density Fibreboard – Wood– Particle Board 



Concrete analysis

Chemical corrosion on concrete elements performed at

different time. Studies performed for bridge stability

Camera mounted on robotic

arm for bridge inspection



InLine Tires inspection for plastic mixing and chemical treatment

Before and after

chemical treatment Surface Analysis

during the extrusion

process



• Identification of the 
correct textile fibre 

• Implementation of 
model and 
classification of 
results

• Ability of distinguish 
more textile fibres 
inside the cloth 
(correlation model)

sample with 100% polyester

sample with wool, polyamide and acrylic in different concentrations 

Fabrics inspection
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