
AI-BASED CLASSIFICATION OF 

GEMSTONE’S AUTHENTICITY 

AND ORIGIN 

Francesco Crivelli

R&BD Manager Ind 4.0 & ML

Chur, 12.09.2023



We are a public-private,

non-profit, Swiss

technology innovation center

We enable competitiveness

through innovation by

developing and transferring 

world-class technologies to 

industry

CSEM AT A GLANCE



LASTING CUSTOMER IMPACT THROUGH

Applied research: We develop next-

generation technologies with the 

potential to transform industries and 

improve people’s lives

Tech transfer: We customize and 

develop new products, processes, 

and services with our clients that 

address their unique needs





Lady Diamond Dinner - Bern, Nov. 2011

sold at auction for 

US$ 6,900,000

Bracelet with nine sapphires 

from Kashmir

(same stones from Madagascar:

below US$ 1,000,000)

WHAT DEFINES THE 

VALUE OF A GEMSTONE? 

Origin!



WHAT DEFINES THE VALUE OF A GEMSTONE? 

Weight: 5.14 ct

Species: Natural ruby

Origin: Burma

Sold for: US$ 600'000

Condition: Untreated

Weight: 5.62 ct

Species: Natural ruby

Origin: Burma

Sold for: US$ 30'000
Condition: Heated 

Treatments!



ANALYTICAL METHODS: MICROSCOPY



OPTICAL SPECTROSCOPY (UV, FTIR)



CHEMICAL FINGERPRINTING (XRF, ICP-MS)



EXPERT EXPERIENCE INTO AI SOFTWARE
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A FLEXIBLE DEEP LEARNING ASSISTIVE SOLUTION

allowing us to examine the performance of our algorithm in real-world scenarios. A part of the aforemen-

tioned data, along with the source code of our model, will be made available for public use to facilitate the

benchmarking and reproducibility of the results presented in this work.
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Figure 1: a. G can process measurements from four distinct data sources: FTIR and UV

(spectroscopy analysis) and ICP-MS and XRF (elemental analysis). b. With a negligible inference time

compared to human experts, it can predict theprobability of agemstone’sorigin or whether it hasundergone

heat treatment. Not all datatypesarerequired for inference; missing sourcescan bemasked out asillustrated

by switch symbols in the figure. c. If the maximum probability exceeds apredefined threshold (top panel),

the stone prediction can be confidently accepted. If the maximum probability falls below the threshold

(bottom panel), however, the output should be discarded and the stone should be further analyzed via

standard methods such as microscopy and expert analysis. The value of the threshold, selected during the

confidence-thresholding phase, determines the balance between the number of stones that can be processed

automatically and the accuracy achieved by the model.

The primary innovation of the proposed approach lies in its multi-modal design, which is custom-tailored

to effectively process and integrate varied and diverse analytical data acquired from different instruments.

G consistsof acombination of strided convolutional neural networks [31] and avariant of the

popular Transformer architecture[32]. Particularly, for processing spectral data, wedraw inspiration fromthe

work of Hoet al. [33] and useamodified version of their architecturewith abigger kernel sizeto increasethe

receptivefield in order to capture moreglobal features. The transformer-likecomponent of G

is used to process tabular data and is based on the architecture introduced in [34]. The final architecture

combines all these elements in a single model enabling end-to-end multi-modal training. As robustness

and consistency are key desiderata in gemstone analysis, we include an additional confidence-thresholding

schemein our pipeline allowing users to control the trade-off between thedegreeof automation provided by

G (i.e. thenumber of stones that can beprocessed automatically) and its level of accuracy. As

illustrated inFig. 1 (c), given anew test stone, wecomparethemost likely prediction of G with

a threshold value and we accept the prediction only if the corresponding probability exceeds this threshold.
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Source: T. Bendinelli et al. “Gemtelligence: Accelerating Gemstone classification with Deep Learning”, https://arxiv.org/pdf/2306.06069.pdf





source: www.siemens.com

PERFECT QUALITY!

https://youexec.com/plus


DEEP LEARNING FOR INDUSTRY

Cognitive Robotics

• Smart human-robot interaction

• From sensing to awareness

• Agile, customized production

Predictive Analytics

• Machine health monitoring

• Predictive quality

• Complex system modelling

Quality & Process Control

• 2D/3D inline inspection

• Multimodal data

• Data driven optimization
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