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Abstract
To improve operational effectiveness for the Canadian Forces (CF), the Joint Unmanned Aerial
Vehicle Surveillance Target Acquisition System (JUSTAS) project is acquiring a mediumaltitude, long-endurance (MALE) uninhabited aerial vehicle (UAV). In support of the JUSTAS
project, Defence Research and Development Canada (DRDC) – Toronto is investigating
strategies for managing massive information exchange among UAV operators. One strategy to is
to develop intelligent adaptive interfaces (IAI) that dynamically manage information display and
control characteristics based on operator mental state or workload through assessing operators’
physiological indexes by using Electroencephalography (EEG) and Electrocardiography (ECG)
technologies. This report presents research findings in evaluating EEG and ECG technologies,
lessons learned on the use of these technologies, and their associated implications in experimental
research. Suggestions are made for the development of a research program for a study to enhance
the IAI design. Recommendations are also provided for defining future requirements in support of
the JUSTAS project.

Résumé
En vue d'améliorer l'efficacité opérationnelle des Forces canadiennes (FC), l’acquisition d’un
engin télépiloté (UAV) moyenne altitude et longue endurance (MALE) est un des volets du projet
Système interarmées de surveillance et d'acquisition d'objectifs au moyen de véhicules aériens
sans pilote (JUSTAS). À l’appui du projet JUSTAS, Recherche et développement pour la défense
Canada (RDDC) — Toronto effectue des recherches sur des stratégies visant à gérer l'importante
quantité d'information échangée entre les opérateurs d’UAV. L'une de ces stratégies consiste en la
mise au point d'interfaces adaptatives intelligentes (IAI) qui gèrent l'affichage de l'information de
façon dynamique et commandent les caractéristiques en fonction de l'état mental de l'opérateur ou
de sa charge de travail mentale à partir de l'évaluation des indices physiologiques de l'opérateur
au moyen de technologies d'électroencéphalographie (EEG) et d'électrocardiographie (ECG). Le
présent rapport décrit les découvertes faites lors de l'évaluation de technologies d'EEG et d'ECG,
les leçons retenues de l'utilisation de ces technologies et leurs répercussions sur la recherche
expérimentale. Il comporte des suggestions relatives à l’élaboration d'un programme de
recherches visant à améliorer la conception des IAI, et des recommandations en vue de cerner les
exigences futures à l’appui du projet JUSTAS.
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Executive summary
Preliminary Review of Psychophysiological Technologies to
Support Multimodal UAV Interface Design
Plinio Morita; Fiona Chui; Catherine Burns; DRDC Toronto CR 2010-050;
Defence R&D Canada – Toronto; May 2010.
Background: Uninhabited aerial vehicles (UAVs) are remotely controlled aircraft used for a
variety of civilian and military applications including command, control, communications,
computers, intelligence, surveillance and reconnaissance (C4ISR). To improve C4ISR capability,
the Canadian Forces (CF) is acquiring a medium-altitude, long-endurance (MALE) UAV under
the Joint Unmanned Aerial Vehicle Surveillance Target Acquisition System (JUSTAS) project. In
support of the JUSTAS project, Defence Research and Development Canada (DRDC) – Toronto
is investigating intelligent adaptive interfaces (IAI) to manage information effectively. The aim of
IAI is to dynamically change displays and control characteristics to effectively manage
information, reduce operator workload, and thus maximize human-machine system performance.
Psychophysiological monitoring technologies can facilitate the assessment of operator
performance and present an opportunity (e.g., changes in mental workload, body temperature or
heart rate) to trigger IAI functions. Electroencephalography (EEG) and electrocardiography
(ECG) technologies have been used to evaluate operator mental state or workload. These
technologies likely present opportunities to assess operator mental states and workload for the
design of IAI. However, these technologies are not yet fully understood in terms of their potential
to assess operator performance for the control of UAVs.
Results: This research compared, acquired, and evaluated several different EEG and ECG
technologies. The purpose was to verify the types of measurements that could be made with the
equipment. Lessons learned in setting up the equipment and using it in a research environment are
provided. For each technology (EEG and ECG), three different systems were chosen and
examined for their ability to measure operator performance in the context of UAV operation
when using a multimodal interface. Based on an evaluation against established criteria, the BAlert system was selected as the best EEG unit for this context and the Flexcomp Infiniti system
as the best ECG unit. Performance tests were conducted for evaluating synchronization
performance, unit performance and software performance. For each evaluation the focus was on
initial set-up, usage and disassembly/clean-up.
Significance: Both systems can meet operator performance measurement requirements that were
defined in the Statement of Work. However, the selection of one system over another may depend
on the type of study being conducted and the number of participants in that study, since each
system has its own limitations and complexities. If required, the two acquired systems can be
integrated and used simultaneously.
Future plans: The development of a research program to enhance the design of GCS IAI will be
performed based on the acquired psychophysiological technologies. The results of the study will
provide recommendations to support future requirements of the JUSTAS project.
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Sommaire
Preliminary Review of Psychophysiological Technologies to
Support Multimodal UAV Interface Design
Plinio Morita; Fiona Chui; Catherine Burns; DRDC Toronto CR 2010-050; R & D
pour la défense Canada – Toronto; Mai 2010.
Introduction : Les engins télépilotés (UAV) sont des aéronefs commandés à distance qui servent
à diverses applications civiles et militaires, dont le C4ISR (commandement, contrôle,
communications, informatique, information, surveillance et reconnaissance). En vue d'améliorer
leur capacité C4ISR, les Forces canadiennes ont décidé d’acquérir un UAV moyenne altitude et
longue endurance dans le cadre du projet Système interarmées de surveillance et d'acquisition
d'objectifs au moyen de véhicules aériens sans pilote (JUSTAS). À l’appui du projet JUSTAS,
Recherche et développement pour la défense Canada (RDDC) - Toronto effectue des recherches
sur les interfaces adaptatives intelligentes (IAI) en vue de la gestion efficace de l'information. Les
IAI servent à modifier les affichages de façon dynamique et à commander les caractéristiques
pour gérer efficacement l'information et réduire la charge de travail de l'opérateur et ainsi
optimiser le rendement du système homme-machine. Les technologies de surveillance de l'état
psycho-physiologique peuvent faciliter l'évaluation du rendement de l'opérateur et permettre
l'activation de fonctions IAI (p. ex. variations de la charge de travail mentale, de la température
corporelle ou du pouls). Des technologies d'électroencéphalographie (EEG) et
d'électrocardiographie (ECG) ont servi à évaluer l'état mental de l'opérateur et sa charge de travail
mentale. Quoique ces technologies offrent probablement l’occasion d'évaluer les états mentaux de
l'opérateur et sa charge de travail mentale en vue de la conception d'IAI, le potentiel de ces
technologies en ce qui à trait à l’évaluation du rendement de l’opérateur d’UAV n’est pas encore
très bien compris.
Résultats: Différentes technologies d'EEG et d'ECG ont été comparées, acquises et évaluées pour
tester les types de mesures qui peuvent être prises avec le matériel. Le présent rapport comporte
les leçons retenues de la mise en place du matériel et de son utilisation dans un milieu de
recherches. Trois systèmes différents ont été choisis pour chacune des technologies EEG et ECG,
et leur capacité à mesurer le rendement d’un opérateur qui utilise une interface multimodale pour
commander un UAV a été évaluée. Le système B-Alert a été choisi en tant que meilleur système
EEG pour ce contexte, et le système Flexcomp Infinity a été choisi en tant que meilleur système
ECG, selon des critères d'évaluation établis. Des tests de fonctionnement ont été effectués pour
évaluer la synchronisation, ainsi que les performances des systèmes et des logiciels. Pour chaque
évaluation, l'accent a été mis sur la mise en place initiale, la facilité d'utilisation et le
désassemblage et le nettoyage.
Portée: Les deux systèmes peuvent satisfaire aux exigences relatives à la mesure du rendement
de l'opérateur conformément à l'énoncé des travaux. Le choix d'un système par rapport à un autre
peut toutefois dépendre du type d'étude menée et du nombre de personnes y participant, en raison
des restrictions et des complexités propres à chaque système. Au besoin, les deux systèmes acquis
peuvent être intégrés et être exploités simultanément.
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Recherches futures : Un programme de recherche visant à améliorer la conception d’IAI pour
SCS sera effectué selon les technologies psycho-physiologiques acquises. Les résultats de ces
recherches apporteront des recommandations pour assister les exigences futures du projet
JUSTAS.
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1
1.1

Introduction
Background

Uninhabited aerial vehicles (UAVs) are remotely controlled aircraft used for a variety of civilian
and military applications including command, control, communications, computers, intelligence,
surveillance and reconnaissance (C4ISR). To improve C4ISR capability, the Canadian Forces
(CF) is acquiring a medium-altitude, long-endurance (MALE) UAV under the Joint Unmanned
Aerial Vehicle Surveillance Target Acquisition System (JUSTAS) project.
In support of the JUSTAS project, Defence Research and Development Canada (DRDC) –
Toronto is investigating Intelligent Adaptive Interfaces (IAI) to manage information effectively.
The aim of IAI is to dynamically change displays and control characteristics to effectively
manage information, reduce operator workload, and thus maximize human-machine system
performance.
UAVs are controlled by a Ground Control Station (GCS) that facilitates ISR activities without the
need of an in-craft pilot. This reduces risk, the need for on-board life support systems, weight,
and fuel consumption, thereby increasing the range and possibilities of use such as long-duration
surveillance in high-risk environments such as storms and conflict zones. Many of these systems
contain high levels of automation, which might create opportunities to increase GCS operator
capability through the monitoring of multiple UAVs. However, these systems present new
challenges as well. With the pilot outside of the aircraft, one does not receive the environmental
and ambient cues that an in-craft pilot would receive. This creates a need to explore the best ways
of presenting information to the pilot. Multimodal displays and adaptive displays are promising
options that could provide richer information and more advanced information management.
Exploring multimodal and adaptive displays requires monitoring pilot performance and state. As
an example, an intelligent adaptive interface may use readings of pilot state to selectively present
information to the user. Various ways of obtaining information on operator mental and physical
condition include eye tracking systems, neural electroencephalography (EEG) readings,
electrocardiography readings (ECG) and galvanic skin response readings (GSR). These types of
readings could indicate operator state and be used as triggers to adaptively alter the presentation
of information to the pilot
Psychophysiological technologies can also be useful in evaluating new interface designs when
comparing them to the existing designs. Small differences in mental workload can occur while
using these different systems, manifesting themselves as changes in neural activity, heart rate, and
skin conductance. For example, Berka et al. (2007) describe the correlation of EEG and mental
workload for vigilance and memory tasks and Stermann & Mann (1995) apply EEG for aviation
performance evaluation.
In this project, several different EEG and ECG technologies were evaluated for their capability to
collect information on operator physiological state. Two different systems were purchased and
further evaluated within the Advanced Interface Design Lab to verify that their performance
matched the manufacturer’s specifications and our expectations for future projects investigating
UAV ground control station designs and adaptive interfaces. In this report, equipment
DRDC Toronto CR 2010-050
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evaluations, lessons learned from the use of the equipment, and the potential of using this
equipment in the development of intelligent adaptive interfaces for the GCS are provided.

1.2

Objective

The current report has been written by the Advanced Interface Design Lab at the University of
Waterloo. Its purpose is to provide the necessary human factors expertise in the evaluation of
psychophysiological technologies to be used in UAV GCS multimodal interface research and
design. The suitable technologies have been identified, evaluated and acquired to support the
development of the DRDC Toronto multimodal GCS interface. These technologies will be used
to evaluate operator performance for different UAV GCS interface designs in order to assess the
changes in mental and physical workload imposed on the operator by each specific design.

14
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2

Project Criteria According to the Statement of Work

Specific project criteria were provided in the Statement of Work. To better understand the report
and the purpose of the project, these criteria are listed below.

2.1

Preliminary Technical Review of Technologies

Perform a preliminary technical review of EEG and ECG technologies as an augmented cognition
technique to facilitate multimodal perception and psychology. Items to address include, but are
not limited to:


Identify suitable products in the current market space



Acquire available product brochures and pricing



Provide as much information about the products as possible with the DRDC Toronto
application in mind



Suggest suitable configuration of products for DRDC Toronto project



Where possible, arrange demonstration of products at DRDC Toronto



Rank the top three EEG and ECG products



Recommend the product to be evaluated

2.2

Preliminary Evaluation of Acquired Technologies



Evaluate the demonstrable use of EEG and ECG technology in simulation and its
extensibility for different research settings in the GCS



Evaluate the demonstrable use of ECG and ECG technology in simulation and its
extensibility for different research settings in the GCS



Evaluate the integration feasibility of EEG and ECG technology with another
psychophysiological technology (e.g., an eye tracking system) for the GCS interface



Evaluate the integration feasibility of EEG technology with another two
psychophysiological technologies (e.g., eye tracking and ECG systems) for the GCS
interface



Recommend the integration strategy with pros/cons



Document all evaluations that were performed

DRDC Toronto CR 2010-050
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3

Preliminary Review on Psychophysiological
Technologies

In order to evaluate psychophysiological technologies to support multimodal UAV interface
design, the following steps were completed:


A preliminary technical review of electroencephalography (EEG) technologies



A preliminary technical review of electrocardiography (ECG) technologies



A preliminary evaluation of recommended products

The preliminary review of psychophysiological technologies focused on EEG and ECG products
according to the Statement of Work.

3.1

Preliminary Technical Review of Electroencephalography
(EEG) Technologies

A preliminary technical review of EEG technologies was performed according to the Statement of
Work. In this section, various EEG products are discussed. Their specifications are compared
against the needs of the DRDC Toronto application and one of the possible systems is
recommended for purchase and further evaluation.

3.1.1

Suitable Products

Three suitable EEG products that are available in the current market space were identified. The
B-Alert Wireless Headset from Advanced Brain Monitoring Inc., the g.MOBIlab+ from Cortech
Solutions, and the Biosemi ActiveTwo from MindWare Technologies Ltd.
Brochures for the three EEG products were acquired and pricing information was obtained
through online quotations. Brochures for all three products are available in the Annex A-E.

3.1.2

Product Specifications

Three potential systems were investigated, the B-Alert Wireless Headset, the g.MOBIlab+ and
the Biosemi ActiveTwo. While these systems are all capable of monitoring brain activity, they
differ in their ability to meet the needs of this project. In the following sections, the basic features
of these three systems are discussed and compared.
3.1.2.1 B-Alert Wireless Headset
The B-Alert Wireless Headset has 9 electrodes to monitor EEG signals. Little or no hair or scalp
preparation is needed with this system, as each sensor dispenses conductive cream to the scalp for
electrical contact. This dispensing system, consisting of four components and conductive cream,
must be assembled before each use of the EEG. The wireless system allows the user to move
16
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freely, and can be covered by a baseball cap to be worn in public (Advanced Brain Monitoring
Incorporated, 2007). For more information and comparisons to the other products, please refer to
Table 1 and Annex A.
3.1.2.2 g.MOBIlab+ (8-channel EEG version)
The g.MOBIlab+ has 8 EEG channels and 4 digital channels. It is combined with the g.EEG cap
to monitor EEG signals with a range of possible electrodes. The system can operate wirelessly via
Bluetooth or through wired USB. Up to 2GB of data can also be stored using a Micro-SD flash
memory card (Guger Technologies, 2010). For more information and comparisons to the other
products, please refer to Table 1 and Annex B.
3.1.2.3 Biosemi ActiveTwo
The Biosemi ActiveTwo has 32 channels to monitor EEG signals. With this system, scalp
preparation time is reduced due to the proximity of the electrodes to the headset’s electronic
system. The system is connected to the computer through USB for data transfer (BioSemi, 2010;
MindWare Technologies LTD., 2010). For more information and comparisons to the other
products, please refer to Table 1 and Annex C.
3.1.2.4 Product Comparison Table
Table 1: EEG product comparison
Product B-Alert

Headset

Wireless

g.MOBIlab+ (8 channel
monopolar EEG
version)
Cortech Solutions

Biosemi ActiveTwo

Company

Advanced Brain
Monitoring Inc.

Company Location

California, USA

North Carolina, USA

Ohio, USA

Channels

9

16 (up to 8 for EEG)

32

Measurements
Available

Electroencephalography
(EEG)
Electrocardiography
(ECG)
Electrooculography
(EOG)

Electroencephalography
(EEG)
Electromyography
(EMG)
Electrooculography
(EOG)
Electrocardiography
(ECG)
Respiration sensor
Photoelectric pulse
sensor
Galvanic skin response
sensor (GSR)

Electroencephalography
(EEG)
Electromyography (EMG)

256 samples/sec

256 samples/sec

2048, 4096, 8192, 16384
samples/sec (depending on
sample frequency)

Sampling Rate

DRDC Toronto CR 2010-050

MindWare Technologies
Ltd.

Electrocardiography (ECG)

17

Weight

113 g with batteries

360 g with batteries

1100 g (system without
headset)
120 x 150 x 190

Dimensions
(encoder) (mm)

127 x 57.15 x 25.4

155 x 100 x 40

Power source

2 x AAA 900 mAH
NiMH batteries

4 x AA Mignon batteries

25 Watt-hour, 3 cell sealed
lead-acid battery

Battery Life

7 hours

25 - 100 hours

5+ hours

Resolution

16 bit

16 bit

24 bit

Dynamic Range

± 1000 μV

± 500 μV

Information not available

Wireless Capability







Self-Calibration







Portability

Can operate up to
around 10 metres from
workstation, laptop, or
PDA

Can operate up to around
100 metres from
workstation, laptop, or
PDA

Data Storage

Compact Flash Data
Storage
Multiple headsets can
operate within the same
vicinity

Compact Flash Data
Storage

Consumables

Electrode Gel
Foam Disks
Sensors can be reused
up to 30 times

Electrode Gel
Abrasive Gel

Electrode Gel
Adhesive Disks

Software

B-Alert
Acquisition Software
Athena Acquisition
Software

API/ Device Driver

LabVIEW

Potential fo
r
Parallel
Experimentation

Wired

MATLAB-API
High-Speed Online
Processing for
SIMULINK/ LabVIEW
g.Recorder
Pocket PC recording
software

Note. Information collected from EEG Technology Review: W ireless Sensor Headset B-Alert
Software Alertness and Memory Profiler (AMP), g.MOBIlab+, and Specifications for biopotential
measurement system, type ActiveTwo Mk2 with two- wire active electrodes. For cells in the table
that are blank, no information could be found for the product’s capabilities.

18

DRDC Toronto CR 2010-050

3.1.3

Suitable Configuration of Products

Since the EEG system selected will be used with multimodal displays, a wireless EEG system
would be preferred since this would allow users to move freely. If the experiment requires
multiple types of measurements, it might be useful to use one system to collect measurements of
other variables (such as respiration, temperature, EKGs), focusing the EEG system on the
acquisition of EEG signals.

3.1.4

Ranking

The three products were ranked using the following criteria to determine which EEG technology
would be most suitable for the project:


Portability (wireless capability and weight)



Cost



Software (as mentioned in Table 1)



Interference with other systems



Integration and software



Tech support



Calibration



Accuracy

In the following sections, the capability of these three systems to meet the above criteria is
discussed. The three systems are ranked and the rationale for this ranking has been provided.
3.1.4.1 Criteria Evaluation
In comparison with the above criteria, the following characteristics were noted.


Portability – The Biosemi ActiveTwo is not portable enough for the application in mind.
The system is too bulky for the DRDC Toronto project, especially considering the other
technologies that will be used, such as a tactor vest and GCS interface. The Biosemi
ActiveTwo would interfere with physical movements of the operator, therefore, the
Biosemi ActiveTwo was disqualified.
The B-Alert Wireless Headset is more portable than the g.MOBIlab+, as it is lighter and
the entire system is isolated to the headset, so no wiring would impede body movement.



Cost – The costs of the Flexcomp Infiniti and the Biosemi ActiveTwo are well within a
price range that will allow the project to stay within budget, as opposed to the
g.MOBIlab+ that costs approximately $5000 more per unit. Therefore, the g.MOBIlab+
was disqualified.



Interference with other systems – Because the B-Alert Wireless Headset is connected
via Bluetooth, multiple headsets can operate within the same vicinity. The Bluetooth
connection should also allow for other wireless systems to operate in the same area as the
headset without any interference. There should be no interference with wired systems.
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The g.MOBIlab+ is also connected via Bluetooth and should have no interference issues
either.


Integration and software – The integration of the B-Alert Wireless Headset is very
simple and allows for effective EEG data acquisition. The entire hardware system is
integrated into one unit that is part of the headset, and the software is easy and
straightforward to use, allowing several different measurements and analysis of the
collected data. The g.MOBIlab+ is quite complicated, as the system must be connected to
another product by the same manufacturer (g.GAMMAsys) for operation. The device can
be integrated into a notebook, PC, or PDA through SIMULINK. This also disqualified
the g.MOBIlab+.



Technical su pport – The supplier of the B-Alert Wireless Headset, Advanced Brain
Monitoring Inc, provides two days of on-site technical integration and support, the cost of
which differs depending on site location. Cortech Solutions, which is the supplier for the
g.MOBIlab+ provides a variety of support options to give customers assistance regarding
installation, training, and repairs. On-site training requires a nominal fee, while repairs
require sending the product back to the company.



Calibration – No self-calibration was explicitly mentioned in the brochures and product
descriptions of both the B-Alert Wireless Headset and the g.MOBIlab+.



Accuracy – It is very difficult to objectively judge how accurate these technologies are,
as other factors such as proper set-up of equipment play a large part in the accuracy of
measurements made by these products.

3.1.4.2 Final Ranking
The products are listed in order of ranking.
1. B-Alert Wireless Headset
2. g.MOBIlab+
3. Biosemi ActiveTwo

3.1.5

Recommendation

Due to time constraints, leasing and evaluation of the three products was not possible. Instead,
expertise from other researchers in the field of augmented cognition was relied upon and
consultation with the Scientific Authority was required to establish criteria for selecting a
product. Through these consultations, criteria for an initial technical assessment were developed
and utilized, as described above. It is recommended that the product most suitable for the DRDC
Toronto project be purchased and evaluated.
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3.2

Preliminary Technical Review of Electrocardiogram (ECG)
Technologies

A preliminary technical review of ECG technologies was performed according to the Statement
of Work. In this section, the various ECG products and their prices are discussed. Their
specifications are compared against project criteria and one of the possible systems is
recommended.

3.2.1

Suitable Products

Three suitable ECG products available in the current market space were identified. These
consisted of the FlexComp Infiniti from Thought Technology Ltd, the g.USB amp from Cortech
Solutions, and the I-330 C2plus 12 channel system from J&J Engineering.
Brochures for the three ECG products were acquired and pricing information was obtained
through online quotations. Brochures for all three products are available in the Annex.

3.2.2

Product Specifications

Three potential systems were investigated, the FlexComp Infiniti, the g.USB amp and the I-330
C2plus 12 channel. While these systems are all capable of ECG measurement, they differ in their
ability to meet the needs of this project. In the following sections, the basic features of these three
systems are discussed and compared.
3.2.2.1 FlexComp Infiniti
The FlexComp Infiniti is the most advanced biofeedback technology available from Thought
Technology Ltd. The encoder has 10 channels, each operating at 2048 samples per second. The
encoder can be attached to a computer using fibre optic wires and the bundled USB-fibre optics
adapter for real time monitoring, or wirelessly with a Bluetooth dongle. A compact flash card can
also be used for remote data storage (Thought Technology, 2010a; Thought Technology, 2010b).
The software provides a wide range of screen configurations for ECG and other measurements
that can be made with the encoder. An example screen configuration is shown in Figure 18,
which shows a blood volume pulse (raw) signal, heart rate, and respiration. The shown screen
configuration can also display EMG and skin conductance signals. For more information and
comparisons to the other products, please refer to Table 2 and Annex D.
3.2.2.2 g.USB amp
The g.USB amp from Cortech Solutions has 16 input channels which can sample with up to
38400 samples per second and four 4 independent grounds. The amplifier is connected to a
computer via a USB 2.0 interface for data collection. Various software solutions are available,
including support for all features of the amplifier and high-speed online data processing (Guger
Technologies, 2009). For more information and comparisons to the other products, please refer to
Table 2 and Annex E.
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3.2.2.3 I-330 C2plus 12 channel
The I-330 C2plus 12 channel system from J&J Engineering has 12 channels capable of 2-person
monitoring at 1024 samples per second. The system is connected to a computer via USB for real
time data collection. The software provides feedback screens, audio, and impedance checking
(J&J Engineering, 2010). For more information and comparisons to the other products, please
refer to Table 2 and Annex F.
3.2.2.4 Product Comparison Table
Table 2: ECG Technologies Comparison
Product FlexComp

Infiniti
Thought Technology
Ltd.
Quebec, Canada

Cortech Solutions

I-330 C2plus 12
channel
J&J Engineering

North Carolina, USA

Washington, USA

Channels

10

16

12 (up to 4 for EEG)

Measurements Available

Electroencephalography
(EEG)
Electromyography
(EMG)
Electrocardiography
(ECG)
Respiration

Electroencephalography
(EEG)
Electromyography
(EMG)
Electrocardiography
(ECG)
Electrooculography
(EOG)

Electroencephalography
(EEG)
Electromyography
(EMG)
Electrocardiography
(ECG)
Respiration

Company
Company Location

g.USBamp

Temperature

Temperature

Skin
Resistance/Conductance
Blood Volume Pulse
(BVP)
Hemoencephalography
(HEG)
2048 samples/sec

Skin
Resistance/Conductance
Heart Rate Variability
(HRV)

38400 samples/sec

1024 samples/sec

130 x 95x 37

197 x 155 x 40

152.4 x 95.25 x 31.75

Power source

4AA batteries, singleuse alkaline

4AA batteries, singleuse alkaline

Alternate Power Source

4AA batteries,
rechargeable NiMH
30 hours typical, 20
hours minimum
(alkaline)

GlobeTek GTM210973005 Medical Power
supply
Rechargeable battery
pack
10 hours with
rechargeable battery
pack

14 bit

24 bit

16 bit

Sampling Rate
Dimensions (enc
(mm)

Battery Life

Resolution
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oder)

Information not
available
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Wireless Capability







Self-Calibration







Compact Fl ash memory
storage







Automatic Electrode
Impedance Checking







Software and Suites

BioGraph Infiniti

API/ Device Driver

Sensor Test Screen

Developer Tools

MATLAB-API

Check Signal Screen

EEG Suite

High-Speed Online
Processing for
SIMULINK/ LabVIEW

Heart Rate, Respiration,
Heart Variability Bands

Physiology Suite

Breathing Training
Screen
EMG Training Screen

Note: Information collected from FlexComp Infiniti Hardware Manual, g.U SBamp generation
3.0, and I-330-C2+ 12 Channel. For cells in the ta ble that are blank, no inf ormation cou ld be
found for the product’s capabilities.

3.2.3

Suitable Configuration of Products

Since the ECG system selected will be used with multimodal displays, it will be more convenient
for the system to be wireless as this will allow users to move more freely. It will also be useful to
measure other physiological variables such as blood volume pulse, respiration, and EMG, which
the selected EEG does not measure.

3.2.4

Ranking

The three products were ranked using the following criteria to determine which ECG technology
would be most suitable for the project:


Wireless capability



Sampling rate



Other available sensors



Cost



Company Location



Software

3.2.4.1 Criteria Evaluation
The ECG technologies considered here were evaluated based on the information provided on
Table 2. In comparison with the above criteria, the following characteristics were noted:
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Wireless capability – Compared to the g.USBamp and the I-330 C2plus 12 channel, the
FlexComp Infiniti is the only system with wireless capability. This was enough to
disqualify the the g.USBamp and the I330 C2plus 12 channels.



Sampling rate – Compared to the g.USBamp and the I-330 C2plus 12 channel, the
FlexComp Infiniti has the highest sampling rate.



Other available sensors – The Flexcomp Infiniti has the selection of sensors that are
most relevant to support multimodal UAV interface design. The gUSBamp does not
provide a wide array of sensors.



Cost – The cost of the Flexcomp Infiniti and of the I-330 C2plus 12 channel are well
within the price range of the given budget while the g.USBamp is too expensive for this
project.



Company location – The company location is optimal for the Flexcomp Infiniti as it is in
Canada, making it easier when repairs and replacements are required. The manufacturers
of the I-330 C2plus 12 channel and of the g.USBamp are located in the USA.



Software – The I-330 C2plus 12 channel does not have adequate data display in its
software package to monitor ECG and other measurements. The Flexcomp Infiniti has the
best array of data display screens for supporting multimodal UAV interface design.

3.2.4.2 Final Ranking
The products are listed in order of ranking.
1. FlexComp Infiniti
2. I-330 C2plus 12 channel
3. g.USBamp

3.2.5

Recommendation

Due to time constraints, leasing and evaluation of the three products was not possible. Instead,
expertise from other researchers in the field of augmented cognition was relied upon and through
consultation with the Scientific Authority, a criteria for selecting an ECG system was established.
Through these consultations, criteria for an initial technical assessment were developed and
utilized, as described above. It is recommended that the product most suitable for the DRDC
Toronto project be purchased and evaluated.

3.3

Technical Evaluation of Psychophysiological
Technologies for Multimodal UAV Interface Design

In the previous phase of the project, EEG equipment and ECG equipment were evaluated and
selected according to the specified requirements for use as a physiological measurement of the
mental and physical load faced by UAV operators. The purchase and delivery process of the
relevant technologies was initiated, according to University of Waterloo protocols. The two
selected technologies had different purchasing requirements, since one was purchased from
24
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within Canada (FlexComp Infiniti from Thought Technology) and the other was purchased from
the United States (B-Alert System from Advanced Brain Monitoring).
A cost analysis was conducted with the University of Waterloo purchasing department to
guarantee that the equipment was delivered on time and that the project would remain within
budget. Extra expenses such as taxes, brokerage fees, shipping and handling were considered in
the budget.
After the analysis of costs, suppliers were contacted and the purchases were made. The shipping
status of the US product was constantly monitored in order to deal with border issues and assure
that the product arrived at the University of Waterloo in time for evaluation and delivery to
DRDC Toronto.
Each unit was shipped with a package of accessories that would allow researchers to conduct the
required measurements for this project. The components of each purchase are listed in the
following sections, organized by manufacturer. Two units of the FlexComp Infiniti and two units
of the B-Alert were purchased, along with the accessories and consumables.

3.3.1

Equipment verification

As soon as the equipment arrived, the contents were checked against the purchase orders and
everything was accounted for. The purchase tables shown on Table 3 for the items purchased
from Advanced Brain Monitoring and Table 4 for the items purchased from Thought
Technologies show the contents of each package.
Table 3: Description of items purchased from Advanced Brain Monitoring
Description Quantity
10 Channel B-Alert Wireless System (with the researcher discount)
External Syncing Unit (ESU)
Sony VAIO 24-Inch Desktop PC

2
2
2

Table 4: Description of items purchased from Thought Technology
Number
of Items
2
2
2
2
2
2
2
2
2
2
2
2
2
10
2

Item Code

Item Description

T7555M
SA7700
SA7550
SA7900
SA7903
SA7950
SA7970
SA7926
SA7920
T9306M
SA9306M
T8710M
SA9325
T3425
T9600

FLEXCOMP INFINITI SYSTEM w/
TT-USB RECEIVER
FLEXCOMP INFINITI ENCODER
BIOGRAPH INFINITI SOFTWARE
BIOGRAPH INFI TUTORIALS CD
EEG SUITE SW
PHYSIOLOGY SUITE SW
REHAB SUITE SW PRO5 PRO FLEX
BIOGRAPH INFINITI DEV TOOLS SW
SENSOR, EKG FLEX/PRO KIT
SENSOR, EKG FLEX/PRO
EKG EXTENDER CABLE KIT
EKG WRIST STRAPS
ELECTRODES 100 UNI-GEL SINGLE
TELE-INFINITI CF
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2
2
2
2
2
2
2
2
2
2
10
10
10

SA9600
SA9610
SA9630
T9401M-60
SA9401M-60
T8720M
SA9309M
SA9310M
SA9311M
SA9308M
SA2306
T3450
T3470

COMPACT FLASH TELE-INFINITI
COMPACT FLASH TELE-INFI CD
CF TELE-INFINITI USB DONGLE
MYOSCAN-PRO 60HZ KIT
SENSOR, MYOSCAN-PRO 60Hz
SENSOR EXTENDER CABLE KIT
SENSOR, SKIN CONDUCTANCE
SENSOR, TEMPERATURE
SENSOR, RESPIRATION
SENSOR, HR/BVP FLEX/PRO
HEADBAND EMG
EEG PASTE TEN 20 CONDUCTIVE
NUPREP EEG SKIN PREP GEL 114gm

The shipped equipment was confirmed against the purchase order and catalogued as shown in
Figures 1 to 4:

Figure 1: B-Alert System EEG unit from Advanced Brain Monitoring including the data
acquisition unit, the sensor strip and the wireless USB adapter.
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Figure 2: B-Alert System EEG unit accessories from Advanced Brain Monitoring including the
EEG sensors and ECG sensors.

Figure 3: Sony VAIO 24-inches Computers for use with the B-Alert System EEG unit from
Advanced Brain Monitoring including the Bluetooth keyboard and mouse.
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Figure 4: FlexComp Infiniti unit from Thought Technology including all the sensors that shipped
with the unit (except the extra electrodes).

3.4

Preliminary Evaluation of Acquired Psychophysiological
Technologies

In order to evaluate the delivered units, operational testing was conducted to assure correct
functionality. The units were assembled and tested according to instructions indicated in the
manual.

3.4.1

Demonstrable use of EEG Technology in Simulation and its
Extensibility for Different Research Settings in the GCS

In the past, EEG technologies have been used for evaluating the pilot’s mental workload during
flights (Bonner & Wilson, 2002). The use of EEG technology allows for the evaluation of
changes in mental workload and brainwaves according to the tasks that the individual is
performing. These differences in workload can be used to compare and evaluate different
interfaces since they allow for the comparison of baseline data to the workload measured when
using new interface designs. EEG technologies could be used to analyse the effects of multimodal
interface changes in the GCS interface design.
Another possible use for EEG technologies in support of the GCS interface development could be
the integration of psychophysiological data collection devices with the new multimodal
interfaces. The integration of the psychophysiological technologies with the GCS interface could
help identify instances of high mental workload during UAV operations.
Ultimately, the EEG system provides an objective measurement of the individual mental
workload. For the purpose of the GCS UAV multimodal interface design, the EEG technologies
provide visualizations of changes in the mental conditions of the operator that are easily
detectable and analyzable.
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EEG technologies are a powerful tool for evaluating mental changes in task performance due to
changes in the interface design, but EEG units must be selected according to the specific
requirements for each project. The ability to conduct more advanced analyses is directly related to
the number of channels and the software in use since more advanced systems available on the
market provide more channels than the acquired systems (32 channels for more advanced systems
vs. 9 channels on the acquired units). However, it is also necessary to consider the time
commitment required to set up the unit under experimental conditions, since additional channels
require more set up time.
The B-Alert system has 9 sensors in a wireless headset. The software that was provided with the
unit also allows a detailed analysis of the data. However, the set-up and clean-up of the system is
time consuming, making its use for a large number of participants in a short time span difficult.
Setting up the technology takes approximately 20 minutes while cleaning the sensors takes
approximately 30 minutes, but more time is needed to air dry the cap after washing.
Even with all these limitations, some of possible uses in the GCS interface design project include:
1. Evaluation of new interfaces
2. Evaluation of multimodal interfaces
3. Evaluation of mental workload during different stages of the flight, both in simulated
conditions and real flights
4. Evaluation of different UAV aircraft and control technologies, considering the different
workload required to control the aircraft
5. Evaluation of different training programs

3.4.2

Demonstrable use of ECG Technology in Simulation and its
Extensibility for Different Research Settings in the GCS

ECG technologies have been extensively used to evaluate pilot performance. For example, they
have been used to evaluate the perceived risk by pilots (Sharma, 2006) and mental workload
during flights (Wilson, 2009). Bonner and Wilson (2002) applied these technologies for testing
and evaluating different aircraft systems and De Rivecourt, Kuperus, Post & Mulder (2008)
applied them in the analysis of changes in mental effort during simulated flights.
From the literature above a few possible uses for ECG systems in the context of the GCS can be
devised:
1. Comparison of perceived risks between manned aircrafts pilots and UAVs operators for
the same mission type
2. Evaluation of the consequences of the difference in the perceived risk in the operators
performance
3. Evaluation of mental and physical workload for the UAV operator
4. Evaluation of new interfaces, cockpits and UAVs
5. Evaluation of training and testing simulations
Other possibilities include the use of ECG to measure arousal, perception of changes and physical
workload. Sharma (2006) uses ECG monitoring to assess pilot’s heart interbeat intervals and
relates this measure to evaluate perceived risk of the consequences from their inability to perform
a task adequately. This measure could be used to improve the GCS control systems and apply
concepts of adaptive automation to the GCS. Wilson (2009) presents ECG as another tool for test
DRDC Toronto CR 2010-050

29

and evaluation of new aircraft systems. ECG is shown as a non-intrusive measure that can
provide additional information to the evaluation team other than the typical performance and
subjective measures usually collected. For the purposes of GCS interface development, ECG
could be used to evaluate different control interfaces or different situations in pilot control.
The connection between mental workload (as stated in the previous section) and ECG signals is
explained in detail by Nickel & Nachreiner (2003). Therefore, all the measurements stated above
as a measurement of mental workload can be complemented by ECG and other physiological
measurements provided by the FlexComp Infiniti unit with the objective of measuring operator
mental and physical workload. Simple ECG measurements can be done using both the FlexComp
Infiniti (with the appropriate sensors) and the B-Alert System.

3.4.3

Integration Feasibility of EEG Technology with another
Psychophysiological Technology for the GCS Interface

The simultaneous use of an EEG system and an eye tracker system would allow the integration of
the analysis of gaze and eye motion (indicating where the participant is looking and how the gaze
changes over time) with the corresponding brainwaves. Eye fixations can be used to determine
commonly viewed display elements and also to identify potential layout problems if commonly
viewed elements (in the case they are logically relevant) are spaced far apart on the display. It is
well known that one issue with only collecting eye-tracking data is that fixations can indicate both
areas of high interest, as well as areas of confusion. Combining eye-tracking data with EEG data
may reveal which areas of the interface are associated with higher levels of mental workload. By
combining this information from the eye tracker with EEG information, it is possible to identify
design features that reduce operator mental workload and therefore develop better designs . In
particular, when multimodal interfaces are being used, operators may show different visual
attention patterns in a multimodal interface compared to a solely visual interface. Designing
interfaces that require less eye movement, and potentially, less effort from the operator could
ultimately result in better operator performance.
A main characteristic considered in the evaluation of the EEG technology was the portability of
the unit. Compact and portable units facilitate the integration of multiple psychophysiological
technologies, providing more information about the psychophysiological state of the pilots with
less movement restriction than heavy or bulky units. The fact that the units are portable facilitates
the integration with technologies such as eye trackers that require a larger setting for the
acquisition of data. Also, portable units reduce the physical wired connections between the
participant and the acquisition computers, reducing physical impediments to operator
performance.
Since the B-Alert unit is placed on the top of the head (Figure 5) and there is no interruption of
the line of sight, integration with an eye tracking system is possible and no physical interference
would be expected from the interaction of these two technologies. We did not have the
opportunity to evaluate the presence of electro-magnetic interference from the two units, but
considering the new technological developments and the use of standardized communication
protocols and technologies such as Bluetooth; electro-magnetic interference would be unlikely.
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Figure 5: B-Alert System EEG headset assembly example from Advanced Brain Monitoring.
Depending on the type of eye tracking system to be used, some integration issues may need to be
addressed since some eye trackers are also head-mounted. Thus, for integration with the B-Alert
system, it is recommended that an eye tracker system be selected that does not need to be headmounted.
Factors to consider when integrating EEG and eye tracking systems include:
1. The bulkiness and portability of the system– it is important to consider how these systems
would affect participant mobility and how the reduced mobility would affect the results
of the research. Regarding portability, researchers should consider what tasks participants
will be required to perform (regarding motion and freedom of movement) in order to
assess the portability requirements for the measurement system.
2. The effect of system on the performance of the individual – researchers should consider
how that measurement system will affect the performance of an individual. The presence
of leads and wires can impede a participant’s performance, imposing physical restriction,
as well as detracting from the realism of a simulated operational environment.
3. The potential for interactions between wireless systems – older wireless systems can
cause unwanted interactions with other wireless systems. Therefore, it is important to
select systems that use well established communication protocols that avoid these
interactions.
4. The potential for electromagnetic interference – electromagnetic interference can occur
when using wireless systems in environments with abundant electro-magnetic radiation.
Such environments can affect measures collected by the system or “rupture” pairing
between units.
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When using the selected EEG technology in combination with an eye tracker system that does not
require parts of the eye tracker to be physically connected to the participant, the first two factors
do not need to be considered since the system does not add any component that limits or changes
the performance of the individual. One remaining concern would be external interference and
internal interference between the eye tracker and the EEG system if both systems use nonstandardized wireless technology. In order to evaluate such interference, it would be necessary to
have the units available for performance testing prior to purchasing or to rely on the wireless
communications protocols developed by the manufacturers.
The B-Alert system allows real-time exporting capabilities via TCP/IP or UDP/IP that can
provide a useful integration opportunity. One could use the SDK provided with the B-Alert
system or stream data through a dynamic link library. This data could then be collected on a
second computer using TCP/IP protocols.
It should be noted that selection and evaluation of the eye-tracking system was not within the
scope of this project.

3.4.4

Integration Feasibility of ECG Technology with other
Psychophysiological Technology for the GCS Interface

In the previous section, the integration of the B-Alert system with an eye tracker system was
discussed. In order to broaden the possibilities and discuss a wider variety of integration
alternatives, in this section, the integration of several physiological measurements provided by the
FlexComp Infiniti will be discussed. De Rivecourt et al. (2008) present an article where an ECG
system is integrated with an eye tracker system to measure momentary changes in mental effort
during simulated flights, while Wilson (1992) discusses the practical considerations and
precautions of using cardiac and respiration measures. These authors provide some examples of
integration possibilities that can be used as a starting point for the integration of these
psychophysiological technologies in the GCS multimodal interface scenario.
1. ECG and respiration frequency – The FlexComp Infiniti has the capability to provide
numerous measures, allowing parallel measurements of ECG, EEG, EMG,
hemoencephalography respiration frequency, blood volume pulse, temperature, and skin
conductance; being only limited by the number of channels available. These variables
provide several interesting integration possibilities such as: ECG and respiration
frequency – Since heart rate and respiration rate correlate with arousal and mental
workload (Wilson, 2009), analysis of these physiological measures may improve the
accuracy of arousal and mental workload monitoring. Such measurements could be used
as input into a UAV command centre environmental control system that would adjust the
operator environment to improve performance. An example would be a control system
that would adjust the air mixture of the command centre according to the level of
workload applied to the operator. Measurements of respiration frequency could be used
as an input to an air-mixture system that would increase the concentration of oxygen in
the breathing mixture in more physically and mentally demanding situations. This would
reduce the respiration frequency and therefore, the physical workload. Note, this would
require having a controllable physical environment for the UAV operator.
2. ECG and temperature variation – Here it may be possible to control the pilot’s
environment to improve performance using some of the variables measured by the
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FlexComp Infiniti. Several different regions of the operator’s body can have temperature
changes during high workload moments. Temperature and ECG changes may be
combined to determine triggers for adaptive displays. Although futuristic, a system could
be devised to control seat or air temperature in high workload situations, reducing the
operator’s discomfort and possibly improving performance.
3. ECG and EMG – EMG provides an effective tool to measure muscle usage, and
consequently, muscle fatigue after a long period of muscular effort. Muscle fatigue can
result from a repetitive movement with high muscular effort is performed. This could be
used to trigger adaptive display changes to reduce repetitive actions. Integrating EMG
and ECG would allow for correlation between increased workload and change in
muscular activities, allowing the use of adaptive-automation in critical moments.
The combinations of the physiological measurements collected by the FlexComp Infiniti create a
large number of integration possibilities with the use of a single piece of equipment. If all the
possible measurements provided by the FlexComp Infiniti are considered, it is easy to collect a
wide range of data (ECG, EEG, EMG, temperature, skin conductance, blood volume, heart rate,
respiration frequency and volume etc.). The variables collected will depend on the requirements
of each experiment, allowing a great diversity of experiments to be run using the same FlexComp
Infiniti unit.
The data integration between the acquisition software and the analysis software needs to be
conducted after the data has already been acquired since the FlexComp Infiniti does not possess a
real-time export feature. The solution for the researcher would be to acquire the data and export it
later to an external comma separated values (CSV) file that could later be imported into analysis
software. This file would contain the data acquired and a timestamp that could be used for
integrating it with data from other devices.

3.4.5

Integration Feasibility of EEG technology with other two
psychophysiological technologies for the GCS interface

Wilson (2009) published a paper on the integration of multiple psychophysiological
measurements for pilots during flight. These measurements include: heart rate, heart rate
variability, eye blinks, electrodermal activity, topographically recorded electrical brain activity
and subjective estimates of mental workload. Many of these measures could be executed by the
B-Alert system and the FlexComp Infiniti system in conjunction with the use of an eye tracker.
The integration discussion here considers any eye tracker system available on the market and is
proposed only as an integration possibility.
One concern with integrating several different measuring devices is the possibility of interference.
The FlexComp Infiniti and the B-Alert systems use Bluetooth connectivity and therefore have no
undesirable wireless communication interference with each other. Furthermore, in the case of an
eye tracker that is not mounted on the subject, no effect would be seen in the measurements since
no direct connection paths exist between the eye tracker and the EEG or ECG equipment. In this
case, no current would flow from the eye tracker to the ECG or EEG system, creating noise in the
measurements.
The B-Alert system and the FlexComp Infiniti system have great potential to be effective
evaluation tools for the psychophysiological changes generated by the GCS’s UAV multimodal
DRDC Toronto CR 2010-050

33

interface design. The integration of different physiological variables measured by these
equipment would allow for analysis of the physiological changes, providing insight into how to
improve the performance of the operator.
One overall issue to be considered is the physical bulkiness of the psychophysiological
technology to be used. With multiple sensors and leads, the experiment participant will need to be
careful in order to avoid disconnecting the sensors. This could unnaturally restrict their movement
and potentially result in some additional fatigue during long experiment sessions. This should be
considered in the design of experiments that will use this equipment.

3.4.6

Integration Strategy Recommendations

The integration of the B-Alert system and the FlexComp Infiniti can be discussed from the
perspectives of physical integration and data integration. The first part of the discussion will
present advantages and issues in the integration of these technologies, while the second, how to
integrate the collected data.
Physical Integration
The portability and the wireless synchronization interfaces allow these units to be used
simultaneously. These units were developed to allow participants to move freely and perform
other tasks while their physiological variables are measured.
Participants will perform a task with several leads and sensors connected to their body. Their
performance can be affected both by physically constricting their movement with the leads and
sensors, and psychologically creating an environment that does not resemble the real world
scenario in which they usually perform. Physical and electromagnetic interactions can also occur
if the psychophysiological units do not use standardized communication protocols that avoid
cross-talking or when adequate assembly is not performed.
In this section we discuss the overall bulk of the system, and the setup time when running
participants. It is important to define the purpose and the importance of each variable measured
since adding extra sensors might affect participant performance. It is important to balance the
need of having a variable for analysis versus the physical and mental demand that measurement
could exert on the participant.
System Bulk : Each intended variable to be measured will require a set of sensors that must be
connected to the participant. By adding several different pieces of equipment, the bulkiness of the
system can further limit the movement of the participant and interfere with the results by making
the task more difficult for the participant.
Thus, it is important to focus on wireless technologies that can communicate measurements
without the need for cumbersome wires, so that the participant is as comfortable as possible. For
the acquired equipment in this project, wireless capability was a preferred characteristic. Wireless
technology allows for integration with other measuring devices with minimal physical
impedance. As said before, with the acquired equipment the following physiological activities can
be measured:
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EEG
ECG




Blood volume pulse
Temperature
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EMG
Respiration



Skin conductance

All these measurements are possible using just the FlexComp Infiniti, thereby reducing system
bulk by using a singular unit to obtain multiple measures. However, EEG measurements with the
FlexComp Infiniti could be quite cumbersome with many leads and sensors (as shown in
Figure 6). In contrast, the B-Alert system focuses on more detailed measurements of brain waves
(EEG) and has a simpler measurement system for the measurement of EEG signals.

Figure 6: Example of an experimental setting using the FlexComp Infiniti, from the Thought
Technology website.
In an integration of a larger number of measurements with the use of a third system such as an
eye tracker system, the same considerations about bulkiness apply, particularly if the eye tracker
is head-mounted.
Set up time per participant: An important consideration for experiments using this equipment
will be the number of participants versus the number of sensors to be attached to each individual.
Set up and clean up of the system for the next participant can take up to a couple of hours. The
researchers need to consider this limitation before scheduling the experiments. A couple of dryruns should be done to make sure that the time necessary to set-up the units and clean them up is
considered in the scheduling process. Another possibility is the acquisition of extra PET strips,
caps and sensors that would allow the use of the device in a larger number of participants in the
same period of time.
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Data Integration
The collected data can be exported to external software and integrated into a single analysis. The
exported data should include time stamps that can be used as a synchronization trigger that would
allow the information from the B-Alert and the FlexComp Infiniti to be synched into a single data
package.
Another characteristic that can be used as a synchronization trigger is the ECG signal. Since both
the B-Alert and the FlexComp Infiniti systems can acquire ECG data, a specific peak could be
used to synchronize the data.
These analyses and integrations would require a different platform since the bundled software
does not allow this type of data integration. Software such as Matlab could be used for this
purpose. The B-Alert system includes a TCP/IP or UDP/IP real-time acquisition streaming
capability that would allow the data to be exported in real-time to a 3rd party analysis software.
The Flexcomp Infiniti does not possess this ability. Therefore, to integrate the data, first the
researcher would need to acquire the data using the proprietary software, export the data to a file
and later analyse it with 3rd party software. This would require an extra step to the researcher but
it is still feasible.
Integration possibilities for the data acquired by the B-Alert system and the FlexComp Infiniti
were already presented in the previous sections.

3.4.7

Documentation of All Evaluations Performed

When it arrived, the equipment went through a simple initial verification to make sure all the
items were shipped. For a functional evaluation, a simple experimental setting was simulated to
see how the equipment would perform. The units were assembled and connected to a participant.
For each sensor, the particular variable being measured was varied to check the system response.
All of the included sensors were tested.
The simulated setting consisted of an environment that allowed the participant to widely vary all
the variables being measured. In this case, we used a simple setup in an empty room where the
participant could move freely (testing the wireless connectivity) and also change the variables
being measured. Through some slight physical activity, it was possible to notice changes in the
ECG, EMG, peripheral temperature, blood volume pulse and respiration. A simple comparative
test of arousal in a rest state and moments after the physical activity allowed testing of the skin
conductance sensors.
Maintaining connectivity is an issue in wireless systems and data loss in an experiment would be
a great concern. As a result, simple synchronization and connectivity tests were conducted to
determine that the equipment maintained a robust connection with the data collection computer.
Also, the two systems were examined in terms of hardware and software setup procedures in
order to check if it matched the manufacturer instructions.
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3.4.7.1 Initial Evaluation
As previously stated, a visual evaluation of all the components was performed as soon as the units
arrived. Every accessory was checked against the purchase order and the units were stored until
further testing.
From this initial evaluation, all the units delivered were consistent with the purchase order. The
only issue detected was that all the documentation and software from the B-Alert system came
pre-installed on the computers and without hardcopy. A copy of the manuals was made into a
DVD and the software was requested to the manufacturer and also copied onto a DVD for
delivery to DRDC Toronto.
Due to time constraints, it wasn’t possible to evaluate the units before purchase. Therefore, the
experience of other researchers in the field of augmented cognition that had previous experience
with these units was relied upon.
3.4.7.2 Functional Evaluation
The functionality of the received units was subsequently evaluated. Each unit was assembled
according to manufacturer instructions and connected to the individuals. The test setting was
assembled and the units were evaluated according to their overall performance, synchronization
performance and software performance. Each unit was tested on two different individuals,
allowing the evaluation of each unit on two different users with distinct head sizes and body
builds. One of the individuals was a large male and the second individual was a small female. The
distinction in participant size resulted in different levels of difficulty in setting up the units. All
the received units were individually tested to assure that they are functioning properly.
Some measurements using the sensors were performed to evaluate each unit and each matched
the manufacturer specifications and the project requirements.
3.4.7.2.1

Synchronization Performance

Since the units have wireless capability, it was necessary to test and evaluate the wireless
transmission system. This analysis was based on two main factors: initial synchronization and
data transmission. The evaluations will be separated by unit type.
B-Alert System by Advanced Brain Monitoring
This unit uses a special external syncing unit as shown in Figure 7. This unit connects to the
computer via a USB interface, which allows for connection to the headset. Since the computer
used with these units already came prepared for data acquisition, it was not possible to evaluate
the initial pairing process.
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Figure 7: External syncing unit for the B-Alert System from Advanced Brain Monitoring.
To use the headset, it is necessary to plug the external syncing unit into an USB port. A flashing
red light appears, stabilizes to on and then turns off. As the red light turns off, a separate green
light flashes and stabilizes indicating that the connection is complete. The green light stays on
when the headset is turned on, indicating the headset unit is connected to the syncing unit (as
described on the manual). The unit remains synced and streams data while within Bluetooth range
and with sufficient battery. This unit has an internal battery that requires recharging after each
use.
FlexComp Infiniti by Thought Technology
This unit was shipped with a Bluetooth dongle used to pair this unit wirelessly with the computer.
After setting up the drivers and installing the synchronization software, the unit paired easily with
the computer. This unit uses a Compact Flash Bluetooth adapter that makes transmission of data
from the unit to the computer a simple task.
The USB dongle and the Compact Flash Bluetooth card are shown in Figure 8 and Figure 9
below.

Figure 8: Bluetooth dongle required for the synchronization of the FlexComp Infiniti from
Thought Technology.

Figure 9: Compact Flash Bluetooth adapter for the FlexComp Infiniti from Thought Technology.
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The initial synchronization only required identification of the unit to be synced with the
computer. All instructions are described in detail in the manual.
After identifying the FlexComp Infiniti unit on the computer, all that was necessary was to turn
on the unit while the Compact Flash Bluetooth card was inside the computer and start the
acquisition software. The participant moved freely without losing connection (while within the
range of the Bluetooth).
For the purpose of the test, the unit was connected to the individuals for a period of up to 6 hours
without showing any transmission issues.
Overall, the wireless transmission systems indicated that the units worked according to
manufacturer specifications.
3.4.7.2.2

Unit Performance

The evaluation of the units will be separated into unit set-up, unit operation and unit clean-up. For
each section, images of the procedures will be presented.
B-Alert System by Advanced Brain Monitoring
Unit Set-up – This was a difficult process that required filling each sensor with conductive
electrode cream with a tight seal in order to get a good connection (the sensor components are
shown in Figure 10). The sensors are made of plastic and consequently, due to their design, are
slightly fragile and prone to breaking. After assembling the sensors, they are connected to the
PET strip which connects the sensors to the B-Alert system and the cap. After connecting the PET
strip to the cap, setting up the headset on the participant can be a little tricky with larger heads but
with enough experience, this should not be a problem. Adding the acquisition unit (shown in
Figure 11) to the cap and connecting the PET strip is an easy task. The main difficulty during setup is assembling the sensors. In total, set-up of the entire system required about 20 minutes.
Figure 11 shows the unit already assembled. In order to simplify the process and to avoid
spending consumables, only 3 sensors were used.

Figure 10: Sensors and connective electrode cream for the B-Alert System from Advanced Brain
Monitoring
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Sensors
PET Strip

Acquisition unit

Figure 11: B-Alert System by Advanced Brain Monitoring assembled (using only 3 electrodes).
Unit operation – After unit set-up, the acquisition software must be activated. While the unit is
within Bluetooth range, the participant can freely move (as shown in Figure 12) without losing
connection to the computer. Some artefacts will be seen when the participant moves, but the
connection will remain active. There is no need to interact with the unit during the operation
phase unless the sensors lose connection. In this case, more conductive gel should be added
underneath the sensors.

Figure 12: B-Alert System from Advanced Brain Monitoring unit assembled and allowing the
participant to move freely.
Unit Clean-up – Cleaning this unit for subsequent use is quite complicated. The process consists
of disassembling each sensor, washing them individually with soap and water, cleaning the PET
strip and washing the cap. Since the sensors have a tendency to break easily, disassembly must be
performed with care. Washing the sensors individually can be time consuming, but there are
instructions in the manual outlining group cleaning of sensors.
The PET strip can be cleaned with rubbing alcohol. The cap needs to be washed thoroughly after
each use since gel tends to leak onto the cap. With only one set of sensors and a single cap, it
would be difficult for data to be collected from more than two participants per day.
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FlexComp Infiniti by Thought Technology
Unit Set-up – The set-up of this unit was easy and intuitive. Leads are used to connect the unit
with corresponding sensors and electrodes that were placed on the participant. Next, the
Bluetooth Compact Flash card needs to be inserted in the Flexcomp Infiniti acquisition unit and
synched with the computer (better described in the previous section). Each sensor is connected to
the unit and the leads are connected to the sensors and electrodes. Each sensor type has different
instructions for their individual set-up (better described in the manual on pages 18 to 27).
Both disposable and reusable electrodes are available for a majority of the sensors. Nondisposable electrodes require some clean-up after each use.
In order to reduce interference of participant movement caused by the presence of leads, it is
important to attach the leads to the participant’s body using straps.
The sensors require some skin preparation before use. Any skin that will be in contact with the
electrodes must be cleaned with the supplied skin prepping gel and conductive gel must be
applied between the sensors and the skin (for electrodes that do not include gel). The sensors that
do not use electrodes do not require skin preparation before use. Figure 13 shows ECG sensors
attached to the participant’s wrists and the blood volume pulse sensor ready for set-up.

Blood Volume Pulse
sensor

ECG Sensor

ECG Electrodes

Figure 13: FlexComp Infiniti by Thought Technology system assembled with ECG wrist straps
and blood volume pulse sensor.
Unit operation – After setting up the unit, no additional input is necessary. All channels transmit
data via Bluetooth to the computer for processing, allowing the participant to move freely without
losing connection with the computer. The unit can be seen in use in Figure 12.
Unit Clean-up – The disposable sensors can be discarded and the reusable sensors can be cleaned
with rubbing alcohol. The cleaning process is quick and simple since most of the electrodes can
either be disposed after use (self-adhesive disposable ones) or easily cleaned (reusable ones). The
leads and the unit itself can be cleaned with rubbing alcohol.
3.4.7.2.3

Software Performance

The software was evaluated according to the following criteria:
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1. Stability – how the system performs and how the computer responds to the software
2. Possible analysis – variety of analyses that the software can develop with the data
3. Displays – variety of ways that the information can be displayed
4. Flexibility – how the system can be adjusted to the user needs
5. Exportability – easiness to export the data to other software
The evaluation will be presented as a table in Table 5.

42

DRDC Toronto CR 2010-050

Table 5: Characteristics of the software included in each package.
Evaluation Criteria
/Product

B-Alert Syst em f rom Ad vanced FlexComp Infiniti from Thought
Brain Monitoring
Technology

Stability

This system uses demanding
software that requires a lot of
memory and processing time. At
times, the computer became
unresponsive and the software
would either crash or freeze.

The software suite used by this unit
is very stable and performs without
affecting the computer’s overall
performance.

All the information is presented in a
single piece of software as shown
This software was developed to on Figure 18.
run on a 32-bit operating system.
Since it is running on a 64-bit Figure 19 and 20 show some of the
system, the delay and instability possible displays.
of the software may be the result Figure 21 shows some of the
of running on a system that it was choices of displays.
not designed for.
The system uses two programs in
parallel: one for capturing the raw
data and one to present the
analysis. This further decreases
computer performance speed.
(Figure 14 and Figure 15)
Possible analysis

This system has a limited number
of analysis and data processing
options: workload and distraction
measurements, alpha, beta, theta
and sigma waves mapping and
channel data wave display.

This unit comes with a strong
analysis suite. It allows for data
processing ranging from simple raw
data collection to complex analysis
of processed data.

The suite has two different types of
This system lacks a Software software: the Rehab Suite and the
Suite as was provided with the Physiology Suite. Each of these
suites analyses and processes the
FlexComp Infiniti.
information in a distinct manner.
This software focuses more on the The Physiology Suite focuses on
collection of raw data. A few displaying physiological data, while
analyses such as mental workload the Rehab Suite processes and
and Alpha, Beta, Sigma and Theta integrates the data into information
waves are also readily available.
useful for rehabilitation purposes.
This system provides a large array
of possible analyses and data
processing options.
Displays

This system is limited to This software suite provides a
displaying the raw data collected number of different information
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on each sensor and a standardized displays:
display with complex views of
1. Individual sensor raw data
workload, heart rate, alpha, beta,
2. Multiple sensors raw data
sigma and theta waves.
3. Individual sensors processed
data
4. Multiple sensors processed
information
5. A combination of the above
Flexibility

This software allows for data
visualization using pre-established
configurations. This software
package lacks a “developer tool”
to allow users to adjust the data
acquisition
screens
to
the
researcher individual needs.

This software includes developer
tools with channel editors, screen
editors and script editors.

This software is very flexible and
allows for a larger number of
adaptations and adjustment to meet
researcher’s needs such as different
modes,
different
Reports for the data collected can acquisition
be generated, but they are limited displays, integration of data, etc.
to preset formats already defined
by the manufacturer. If the user Such developer tools will be
wants to export the data into important for the integration of the
data
with
other
customized reports, it must be collected
applications.
exported to other software for
processing.
This software provides a very
advanced analysis and visualization
tool, being flexible, strong and
stable at the same time.
Exportability

Data can be streamed through a Data can be easily exported to an
UDP/IP interface for integration external text file.
with other software.
The export setting allows a detailed
selection of the data you want to
export.
This system doesn’t have a realtime data exporting feature. In
order to export the data, the
researcher would need to acquire it
first with the included software and
later export it to a file and integrate
it with data from other equipment
through a 3rd party software.

Figures 14 and 15 present the interface for one of the tests conducted with the B-Alert System
software. In order to simplify the process and to avoid spending consumables, only 3 sensors
were used. Figures 16 and 17 present the same interfaces using pre-loaded data from the
manufacturer. In this interface, all sensors are active.
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Figure 18 shows a screen with multiple variables displayed during testing of the FlexComp
Infiniti software. Figures 19 and 20 show the screens for blood volume pulse and ECG
measurements correspondingly and Figure 21 shows some of the several possible data displays
available to researchers.

Figure 14: Advanced Brain Monitoring (B-Alert System) acquisition software showing the signals
collected by the 3 sensors that were active at the moment (sensors PO, Fz and Cz).

Figure 15: Advanced Brain Monitoring (B-Alert System) visualization and analysis software
where it is possible to visualize from the top left corner, clockwise, Meter Gauge displays
(showing the level of workload, high engagement, distraction and heart rate), Heat Map Gauges
DRDC Toronto CR 2010-050
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displays (showing the theta, alpha, beta and sigma heat maps), the Surface Map Gauges displays
(showing the theta, alpha, beta and sigma surface maps) and the bottom the Time Series Gauge
display (correlating in a time series the display of workload, high engagement and distraction).

Figure 16: Advanced Brain Monitoring (B-Alert System) acquisition software using the preloaded data that the manufacturer sent with the unit. In this display it is possible to visualize all
the channels collected by the unit and its variations.
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Figure 17: Advanced Brain Monitoring (B-Alert System) visualization and analysis software
using the pre-loaded data (same displays shown on Figure 15 but using the pre-loaded data in
order to show the functionality of all displays).

Figure 18: Multiple signal information provided by the Infiniti Software System by Thought
Technology (using the FlexComp Infiniti unit).This display shows the EMG levels, the Skin
Conductance, the Blood Volume Pulse and the Respiration levels.
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Figure 19: Display with the Blood Volume Pulse and the instructions on how to set up the sensors
in the Physiology Suite by Thought Technology to be used with the FlexComp Infiniti.

Figure 20: Display with the ECG and the instructions on how to set up the sensors in the
Physiology Suite by Thought Technology to be used with the FlexComp Infiniti.

Figure 21: Choices of displays in the Physiology suite or Rehab Suite by Thought Technology to
be used with the FlexComp Infiniti unit.
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3.4.7.2.4

Final Evaluation Results

All four acquired units (two B-Alert units and two FlexComp Infiniti units) are functioning
according to manufacturers’ specifications. These systems can be easily adapted to the
requirements of the DRDC GCS multimodal interface design research project, as well as other
research.
3.4.7.3 Detected Issues
In this section, the disadvantages and difficulties of the acquired systems are discussed. The
advantages and support for purchasing these units has been discussed in previous sections.
B-Alert System – the difficulties and problems detected and faced were:








Sensors are difficult to set-up.
Sensors are difficult to clean, requiring total disassembly of each sensor and cleaning of
each individual piece.
Sensors are fragile and prone to breaking.
Cap requires washing after each use.
Sensor strip came only in small and medium sizes.
It is not a good experience for the experiment participant since the gel gets all over the
participant’s hair, therefore the use of this unit should be limited to cases where a detailed
analysis of the brainwaves in necessary. This is a characteristic of most EEG systems.
Internal battery does not allow spare batteries to be used, requiring a recharge between
uses to assure that the unit has enough charge for the whole experiment.

According to the manufacturer, the medium sized cap could almost be used as a one size fits all
cap, with the exception of very small head sizes. Therefore, for more experienced researchers,
this lack of different cap sizes might not be an issue as they should, with practice, be able to
adjust the headset appropriately to fit larger heads.
The most significant issue is the time required to assemble and disassemble the B-Alert units.
During use of the B-Alert unit, the following aspects must be taken into consideration:


Due to the difficulties in assembling and disassembling the units, they should be used for
longer and more detailed experiments.



The system is structurally solid and allows a wide variety of measurements and analyses.
However, due to the discomfort imposed on the participant, its use should be restricted to
experiments that require a detailed analysis of the participants’ brain waves. If only a
simple analysis is necessary, the FlexComp Infiniti has a sensor (not acquired in this
purchase) that allows simple EEG measurements.

FlexComp Infiniti – the difficulties and problems detected and faced were:




Leads seem to be fragile
Some sensors are really difficult to attach (e.g. EMG sensors and the EMG electrodes)
Some sensors are too bulky and make it difficult for the participant to move and to
perform some manual tasks (e.g. respiration sensor, blood volume pulse sensor)
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For the use of the FlexComp Infiniti unit, the following aspects must be taken into consideration:


Researchers must be careful with the leads to make sure they are attached to the
participant body.



In the case in which sensors are difficult to attach, one possible solution is to attach the
sensor to the electrode prior to adhering the electrode to the participant.



For the case of bulky sensors, researchers must assure that the experiment in question
does not require the participant to perform actions that would be affected by the presence
of the sensors, or at least, should take these actions into consideration when analysing the
results.

3.4.7.4 Application of the Acquired Units
Both the FlexComp Infiniti and the B-Alert system have great research potential and are robust
systems that would allow researchers to conduct a vast array of experiments. Both systems
include detailed instructions on how to assemble and disassemble the units, set-up the sensors and
run the measurements. All these instructions are included within the user manuals shipped with
the units.
These selected units, as long as applied to the right projects (considering assembly and
disassembly times, bulkiness of the units, participant discomfort), have a great research potential
and can be used in various research settings such as:
1. Learning studies
2. Arousal studies
3. Vigilance studies
4. Interface design
5. UAV performance studies
The B-Alert System and the FlexComp Infiniti are flexible and easily adaptable units that could
work in integration with other technologies in the GCS UAV research and control environment.
These units could be used for evaluations of interface designs and as input to adaptive automation
systems. For both cases the acquired EEG and ECG technologies will support the researchers in
the development of the multimodal GCS interface..
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FlexComp Infiniti Brochure
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I-330 C2plus 12 channel Brochure
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Aerial Vehicle Surveillance Target Acquisition System (JUSTAS) project is acquiring a
medium−altitude, long−endurance (MALE) uninhabited aerial vehicle (UAV). In support of
the JUSTAS project, Defence Research and Development Canada (DRDC) – Toronto is
investigating strategies for managing massive information exchange among UAV
operators. One strategy to is to develop intelligent adaptive interfaces (IAI) that
dynamically manage information display and control characteristics based on operator
mental state or workload through assessing operators’ physiological indexes by using
Electroencephalography (EEG) and Electrocardiography (ECG) technologies. This report
presents research findings in evaluating EEG and ECG technologies, lessons learned on
the use of these technologies, and their associated implications in experimental research.
Suggestions are made for the development of a research program for a study to enhance
the IAI design. Recommendations are also provided for defining future requirements in
support of the JUSTAS project.
(U) En vue d'améliorer l'efficacité opérationnelle des Forces canadiennes (FC), l’acquisition
d’un engin télépiloté (UAV) moyenne altitude et longue endurance (MALE) est un des
volets du projet Système interarmées de surveillance et d'acquisition d'objectifs au moyen
de véhicules aériens sans pilote (JUSTAS). À l’appui du projet JUSTAS, Recherche et
développement pour la défense Canada (RDDC) — Toronto effectue des recherches sur
des stratégies visant à gérer l'importante quantité d'information échangée entre les
opérateurs d’UAV. L'une de ces stratégies consiste en la mise au point d'interfaces
adaptatives intelligentes (IAI) qui gèrent l'affichage de l'information de façon dynamique et
commandent les caractéristiques en fonction de l'état mental de l'opérateur ou de sa
charge de travail mentale à partir de l'évaluation des indices physiologiques de l'opérateur
au moyen de technologies d'électroencéphalographie (EEG) et d'électrocardiographie
(ECG). Le présent rapport décrit les découvertes faites lors de l'évaluation de technologies
d'EEG et d'ECG, les leçons retenues de l'utilisation de ces technologies et leurs
répercussions sur la recherche expérimentale. Il comporte des suggestions relatives à
l’élaboration d'un programme de recherches visant à améliorer la conception des IAI, et
des recommandations en vue de cerner les exigences futures à l’appui du projet JUSTAS.
14. KEYWORDS, DESCRIPTORS or IDENTIFIERS (Technically meaningful terms or short phrases that characterize a document and could be helpful in
cataloguing the document. They should be selected so that no security classification is required. Identifiers, such as equipment model designation, trade name,
military project code name, geographic location may also be included. If possible keywords should be selected from a published thesaurus, e.g. Thesaurus of
Engineering and Scientific Terms (TEST) and that thesaurus identified. If it is not possible to select indexing terms which are Unclassified, the classification of each
should be indicated as with the title.)

(U) Uninhabited aerial vehicle; multimodal interface; psychophysiological technologies
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