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INTRODUCTION

Introduction

Cogency is a small company that specialises in consulting and customised software development in 3D machine vision, image processing, and related fields. We have been operating
since June 2007, and are based in Cape Town, South Africa.
We have been involved in developing novel processing frameworks for a number of highly
innovative projects, and have extensive experience and expertise with areas such as:
• Image segmentation
• 3D Camera Calibration
• Pose Estimation
• 3D Reconstruction from images
• 3D point-cloud registration and manipulation
• Object Tracking
• Object Recognition / Classification
• Volume and Sizing Estimation from Images
• Shape and Image Texture Analysis
• 3D Mapping
• Medical Image Segmentation
• Custom visualisation interfaces
• Web and database integration
• Hardware Communications Interfaces
Typical projects involve working together with our clients to design algorithms for image
analysis and 3D Computer Vision applications. We are very flexible and can either provide
conceptual research for new ventures, or integrate new functionality into existing frameworks.
Prototype code is generally developed in Matlab, while production systems are normally implemented as stand-alone modules using C++, Python, .NET, Java, or others (depending on
the application).
Projects are carried out by Cogency’s principal researcher and co-founder, Mathew Price, and
supported by a small team of collaborating associates who are recruited for specific projects
depending on requirements.
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PROJECT PORTFOLIO

Project Portfolio

Most of our work is limited by non-disclosure agreements. However, the following brief
descriptions of non-confidential projects provide an idea of our capability.

2.1

Automated Cerebellar Segmentation (2012 – present)

Neurobehavioural Research Inc (United States) is developing an automatic MRI delineation
tool for the cerebellum and its subparcels. Initially, a cohort of images from a study on alcoholics has been used. Cogency has been involved with developing the segmentation technique,
and developing the system into a clinical tool so that it can be applied robustly to human data.
This has involved evaluating and implementing MR segmentation algorithms, performing automatic image registration to account for body pose, and providing calibrated measurements
that can be used for statistical analyses (Figure 1).

Figure 1: Top: Cerebellar template registration; Bottom: 19-parcel cerebellar delineation
using an automated Active Bayesian Appearance Model.
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2.2

Particle Feed Analysis (2012 – present)

Characterisation and monitoring of feed material is important for optimising various mining
processes. In this work, we developed automated tools for analysing size and volumes of
gravel feed towards assisting engineers with plant optimisation.
This work has involved building an automated 2D processing pipeline that calibrates a singlecamera relative to a measurement table, segments and isolates individual particles, characterises shape and texture features, and produces size frequency distributions (Figure 2).

Figure 2: Top: Measurement calibration and particle segmentation; Middle: Shape and Texture Classifications; Bottom: Particle size distributions.
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An extension to this work has also involved developing algorithms for 3D cameras to measure live feed volumes during processing, and also reconciled volumes from static containers
(Figure 3).

Figure 3: Top: Live feed 3D Volume Estimation; Bottom: Reconciled volume estimation.

2.3

Creating 3D Thermal Maps of Mines (2010 – 2013)

Cogency collaborated on a government funded initiative with South Africa’s Council for Scientific and Industrial Research (CSIR), which sought to develop technologies towards the
construction of small underground mining robots capable of extracting gold from narrow ore
veins that are uneconomical to mine using conventional methods.
A first-stage goal was to construct a prototype autonomous underground vehicle for improving
mine safety. Cogency’s contribution involved designing and implementing a novel 3D thermal
imaging mapping sensor that is used to construct fall-of-ground risk maps that can be used to
predict possible instabilities in the mining stope caused by blasting. During this project we
developed several techniques for: acquiring and registering 3D scan data, generating 3D surfaces from point-cloud data, and co-registering 3D surface data with thermal imaging sensor
data (Figure 4). The project resulted in a successful prototype and the development of new
technologies capable of being used by South African mining companies seeking to advance
mining automation.
Figure 5 illustrates an interactive web front-end that was developed by Cogency for exploring
datasets obtained from the thermal mapping sensor, and robotic test arm. The idea is to con4
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Figure 4: Top Left: Prototype Mine Safety Robot with 3D thermal mapping sensor. Top Right:
Stitched thermal image panorama of an unstable platinum mine stope ceiling. Bottom: multiscan registered point-cloud of a mine stop area (left; surface reconstruction (right).
struct a thermal risk map using the mapping sensor, which then relays potential testing points
to an acoustic sounder attached to an automated test boom.

Figure 5: Thermal Mapping Sensor Interface. (3D interactive interface powered by WebGL.)
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2.4

Solar PV Potential (2010)

Using photovoltaic solar panels to supplement conventional electrical generation for homes
and businesses is a fast-growing industry. Cogency demonstrated an initial concept for estimating solar potential for households and commercial rooftops using 3D city mapping technology.

Figure 6: Top: Simulation results showing building height; Bottom: Annual horizontal solar
insolation.
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Software for generating solar insolation reports for customers by suppliers exists. However,
this is normally integrated into expensive GIS applications that require a large amount of
training and manual interaction. The output is often too technical to be understood by the
average user which can lead to poor or suboptimal product selection. Furthermore, local
clutter is generally not considered during simulations which can drastically alter the suitability
of a site: e.g. shadows cast by higher nearby buildings.
Using a sample 3D City Model of Cape Town, Cogency implemented a proof-of-concept for
estimating the solar insolation for roof-tops based on a published method. The approach uses
a very accurate simulation methodology that uses ray-tracing and a validated daylight simulation application (DAYSIM) to account for most contributing factors, including: local structure
(occlusions), global position, and climate. The results shown in Figure 6 represent the annual
horizontal solar insolation expected for each highlighted point based on contributions estimated hourly.

2.5

Automatic Sphere-Clump Generation for DEM (2009 – present)

The Discrete Element Method (DEM) is widely used in particle based analysis to simulate the
dynamic motion of a large number of particles. Primary applications include plant design and
process optimisation for industries that handle bulk materials, for example coal mining and
manufacturing for pharmaceuticals. Owing to computational limitations when sequentially resolving millions of particle collisions, particle shape is often ignored and rather approximated
using spheres or simplified parameterised shapes. A popular approach models particles as a
cluster of overlapping spheres. However, these shapes are generally manually constructed.
Cogency has developed a unique software tool for automatically building appropriate clumps
from polygonised mesh models: the Automatic Sphere-clump Generator (ASG) (Figure 7).
This was initially presented as academic research, but has subsequently become a successful
stand-alone product (which we distribute) that interfaces with off-the-shelf commercial DEM
software such as EDEM, PFC 3D (Figure 8), and LIGGGHTS. To-date, we have supplied licenses to several academic institutions in South Africa, United Kingdom, Germany, Australia,
and China. Several mining and pharmaceutical manufacturing companies have also recently
acquired licenses

Figure 7: ASG3D: Automatic Sphere-Clump Generator
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Figure 8: ASG clumps imported into PFC
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2.6

Particle Registration from High-Speed Video (2009)

Physicists at De Beers (a diamond mining company) conduct stress tests on different types of
particles to develop risk models for breakage under various unit processes. Finite and discrete
element simulations are typically used to predict the characteristic motion for large numbers
of particles within these processes so that indicators, such as maximum or minimum impact
force, can be identified. These risk models are then used to optimise the layout and configuration of processing plants. However, inaccuracies can arise if the model is not properly
calibrated, which leads to poor predictability.
Using high-speed video footage of collision experiments (4000 fps), Cogency developed a
number of tracking tools for measuring 3D trajectories, velocities and coefficients of restitution of impacting particles in order to provide quantitative validation for simulation models
(Figures 9 and 10). This was accomplished by aligning calibrated 3D models of the particles to the silhouette envelope of each particle’s trajectory in the video footage using epipolar
tangency constraints. Analysis showed that the tracked trajectories strongly correlated with
simulations using a Hertz-Mindlin contact model, which more accurately accounts for the
elastic nature of the contacting bodies. The technique is applicable to other industries (such
as pharmaceuticals) where breakage of individual particles is a concern during production.
(The 3D models of the particles were generated using a precision multi-camera shape-fromsilhouette system that is discussed in the next project.)
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Figure 9: High-Speed Video Particle Impact Tracking

Figure 10: Other HSV Tracking Experiments
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2.7

Multi-Camera Volume Estimation (2003 – 2009)

Dating back to collaborative work done between De Beers Mines and Cogency’s founders
(Mathew Price and Keith Forbes) at the University of Cape Town, we aided in the development
of high-accuracy multi-camera imaging systems capable of estimating particle volume for a
variety of size fractions. This work was based on the shape-from-silhouette approach where
precision camera calibration and accurate segmentation are used to compute the Visual Hull
(intersected volume of the viewing cones) of an object. This provides an upper-bound on
volume, and can be refined by recirculating particles multiple times.
The original collaboration led to the development of several precision image capture devices
targeting different size fractions, two of which are shown in Figure 11 below.

Figure 11: Multi-Camera Particle Capture Devices. Left: 6-camera 1 – 10mm capture system;
Right: 2-camera rotating platform 75µm – 1mm capture system. Bottom: Automatic multi-run
particle matching.
The original macro scale device houses six cameras that are simultaneously triggered to capture images of individual particles from multiple viewpoints. Cogency developed novel algorithms and software to determine the positions and orientations of the cameras as well as the
internal parameters such as focal length. The software uses images of the particles to infer
10

2.8

3D Particle Shape

2

PROJECT PORTFOLIO

these calibration parameters. Once calibration parameters are computed, the images can be
used to approximate the 3D shape of the particles. Apart from generating size-frequency distributions, Cogency also developed an individual particle matching system capable of recognising individual particles from their multiple silhouette sets alone. The 3D models acquired
from these devices were also used in several other Cogency projects such as high-speed video
tracking, and particle shape characterisation. Figure 12 shows an example of refining a particle model multiple times by recirculating it through the system.

Figure 12: Particle reconstruction using shape-from-silhouette. Models are improved by capturing multiple runs of a particle leading to increased number of effective cameras. I.e., image
columns correspond to 3 runs of a particle with 6, 12, and 24 effective cameras respectively.

2.8

3D Particle Shape Characterisation (2007 – 2009)

In relation to the multi-camera acquisition and 3D reconstruction work described previously,
Cogency has developed software to further characterise shape and texture features from 3D
models. Commonly-used features of particles such as compactness, flatness, and elongation
are computed, as well as more esoteric features based on spherical harmonics and Fourier
descriptors. These features are used by geologists to analyse the effects of particle shape on
various industrial or environmental processes. Examples of curvature characterisation, and
shape classifier classifiers that have been developed are shown in Figure 13.
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Figure 13: Top: Curvature characterisation (left), projection of shape classification features
(right); Bottom: 3D shape and texture analysis (left), colour and texture classification projection (right).
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