
Our Pheromone Matrix
Our pheromone matrix represents substructures that can be used to build up a candidate isomer. Pheromone levels are increased, 
when a candidate isomer is evaluated as having a high level of fitness, as determined by our training set of known structures and 
spectra. In the diagram below, higher elevations indicate higher pheromone levels, therefore indicating shorter pathways. By 
following the shortest pathway we can predict which substructures, in which order, make up the underlying structure of the 
experimental spectrum.
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Outcomes
From our initial training dataset, we have been able to generate an exhaustive list of substructures which we use to build candidate 
isomers. We have also developed a heuristic algorithm to optimise substructure selection. Evaluation of isomers uses a maximum 
cardinality algorithm, matching substructural elements to experimentally determined chemical shifts. The ACO system holds promise 
and is likely to be applied to proton NMR in the future

About Ants…
Ant Colony Optimization (ACO) algorithms are the result of modelling the behaviour of ants foraging for a 
food source and finding the shortest path to return to their colony. Algorithms use artificial ants, initially 
taking random search paths, depositing pheromone trails as they travel. Those ants who have taken the 
shorter path will return to the nest more quickly, so a stronger scent pheromone will remain on this path. 
Hence, more ants will be attracted to take this same path. Some algorithms allow for pheromone 
evaporation, making the system more flexible in case of the emergence of new paths or closure of existing 
paths. Ant “memory” has been incorporated into some models. In this case the ants remember the location 
of their nest and so have a better sense of direction, so can adjust their path accordingly. (Bonabeau et al. 
1999).
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Current trends in the use of high throughput techniques 
have created a great deal of demand for rapid analytical 
techniques. In the areas of combinatorial chemistry and 
metabolomics alike, huge amounts of data are generated, 
often relating to novel compounds of unknown structure.

NMR is a powerful analytical tool, able to generate 
spectra from tiny sample sizes; in as little as a few 
seconds for protons. However, spectral analysis is time 
consuming and normally involves high levels of human 
expertise. This has fuelled the development of automated 
techniques for structure elucidation from NMR spectra.

Previous efforts at NMR structural elucidation have 
focused on empirical methods or expert systems, with 
some work in the semi-empirical area. This project offers 
a fresh perspective by using Ant Colony Optimisation 
methods to learn associations between spectral peaks 
and substructural features, presently limited to C13 NMR.
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From Spectrum to Structure

…using Machine Learning

Experimental Spectrum
- Extract chemical shift values

Build Isomer
Select suitable, high frequency small

substructures for each chemical shift value
Build all possible isomers

Exact Mass
- Convert to empirical formula

Precise Matrix
- Holds training dataset

Ant Colony Optimisation:
Every few cycles update pheromone 
matrix to reflect best structure built

Evaluate Isomer
- Mine for larger substructures

- Look up substructure in Precise Matrix. 
-If present at experimental chemical shift, 

increment heuristic matrix.

Select best isomer
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Order in which substructure added to form candidate isomer

Etc…

C - C

C - C - Br

C - C - O

Candidate Substructures, 
Given Empirical Formula:

C10H12OBr

Structure most likely 
to explain spectrum


