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Warnings and Cautions

Intended Usage

Unless otherwise labelled, all products offered for sale by The Black Box ToolKit Ltd are for
academic study and/or research use only.

The Black Box ToolKit Ltd, instruments, components, and accessories are designed for
educational and research oriented life science applications and investigations. The Black
Box ToolKit Ltd, does not condone the use of its instruments for clinical medical applications.
Instruments, components, and accessories provided by The Black Box ToolKit Ltd, are not
intended for the diagnosis, cure, mitigation, treatment, or prevention of disease.

Electrostatic Discharge Instructions

A mBBTK v2 system components that are sensitive to electrostatic
4 discharge are marked with the ESD symbol. For these mBBTK
m components, users should not directly touch any internal pins and should
STTENTION adhere to the following precautions when connecting electrodes or
ELECTROSTATIC adapters to these components. Users should always ground themselves

BENEITVE DEVICES before handling these mBBTK v2 components. Users should then
ground the mBBTK v2 component before connecting to other equipment
by touching the screw terminals of the component cable or by touching
the metal shell of the component.

Note that the information in this manual is subject to change, without notice. The

manufacturer declines responsibility for the safety, reliability, and performance of mBBTK
v2 system components if not used in compliance with mBBTK v2 documentation.

Copyright © 2012 - 2018 The Black Box ToolKit Ltd. All rights reserved. Release Candidate 1
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1. |l ntroducti on

1.1 Background

Computers, whilst ramping-up in terms of clock speed, are actually no more accurate than

those of a decade ago. Infact, qui t e the reverse can be 4rue
tasking operating systems. Even if you make use of a recognised experiment generator,
there iIis |ittle assurance that your stimulus
As a result logically there is no guarantee that any Event Marks sent to and from external
equipment is accurate either, e.g. in EEG, ERP, fMRI or Eye Tracking studies.

Whil st many packages promise to achieve dAami/l
subtle, yet impor t ant |, di fference between fAaccuracyo
simply means that timings are reported in units of a millisecond i there is no assurance that

the actual timings or Event Marks are accurate!

The Black Box ToolKit

www.blackboxtoolkit.com | info@blackboxtoolkit.com

Opto3 Opto4 Mic 1 Mic 2 APTIn APT Out

8x TTLf Inputs Response Pad
- - TTL In
e

By using the mBlack Box ToolKit v2™, or mBBTK™ for short, you can check the
presentation and response timing accuracy of
more you can Event Mark completely independently of your stimulus PC safe in the
knowledge that event marks are exactly synchronized with your experiment. If you are
measuring presentation or response events in units of a millisecond, you should be using
the mBBTK as a matter of course in order to
that the mBBTK®msarkipgevemts.ry r ol e i

@ APTL

@® APTR

@ Resp Pad
@ Event Mark
@ Active 1
@ Active2
@ Bluetooth
@ Synch

Model No: mBBTK v2

Achieving the best possible Event Marking synchrony is becoming more important as
researchers push the envelope with the type of studies they run, the data they collect and

the external hardware they interact with. Event Mark synchrony between visual and auditory
materials for example is often prone to larger variation than many researchers acknowledge.
Response timing can also be affected adversely. The mere act of swapping one response

device for another can statistically alter your results when Event Marking on external
equipment. This is a proven factiT what 6 s mor e, without <checkin
Typical sources of error over the idealised conceptual experimental model are shown below

for a simple priming study.

Release Candidate 1 Copyright © 2012 - 2018 The Black Box ToolKit Ltd. All rights reserved.
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Within any study not using the mBlack Box ToolKit there is almost guaranteed to be one or
more sources of uncontrolled timing error; be this within presentation or response timing or
between various pieces of external equipment when Event Marking, e.g. EEG, MRI, Eye
Trackers etc. Such error can adversely affect statistical power, introduce conditional bias,
make replication difficult, and lead to spurious effects. This is before one verifies the
paradigm to ensure that it is actually doing what it has been designed to do. Honest mistakes
in scripting can lead to presentation and synchronization errors that are hard to detect due
to high presentation rates.

By using the mBBTK you can help ensure that:

1 Your experiment is performing as intended in terms of presentation and
synchrony and Event Marking. For fast presentation schedules it can be difficult
for the researcher themselves to spot errors unaided

1 You can tune presentation schedules to achieve the best possible presentation
accuracy and consistency (if you do not know what is broken you cannot fix it!)

1 Your external equipment is synchronized as accurately as possible, e.g. EEG,
MRI, Eye Trackers etc.

1 With the addition of a BBTK USB Response Pad that button presses or vocal

responses are Event Marked accurately

The Event Marks you send to and from external equipment are accurate

You know what the absolute error and variance is within your chosen response

device T remember these can vary enormously! Armed with this knowledge you

may decide to change a device or perform a post-hoc statistical correction

You improve your chances of replication and internal consistency

And... above all you improve the quality and respectability of your research

= =

= =

Copyright © 2012 - 2018 The Black Box ToolKit Ltd. All rights reserved. Release Candidate 1
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1.2 How can | Ensure my Event Marking Timing Accuracy is as Good as
it Could be?

The ethos of the mBBTK is to allow researchers to Event Mark to and from external
equipment (SCAN) completely independently of the PC presenting stimulus materials
(STIM). This is done in-situ and without modification by means of an easily programmable
set of wizard driven dialogs.

By making use of a wide range of external sensors the mBBTK can detect a variety of
stimulus materials, or incoming TTL signals, and Event Mark each event in real-time with
sub-millisecond accuracy. Depending on mappings chosen it can generate up to 24 unique
Event Marks from up to 72 channels of TTL and sensor inputs.

Conceptually the mBBTK offers much the same functionality as a 24-channel digital signal
generator and a 48 channel digital oscilloscope. Unlike a signal generator and oscilloscope
that typically costs many thousands and are difficult to use, the mBBTK enables the
researcher to begin to independently Event Mark most paradigms in-situ in less than 30
minutes. Even with a modern signal generator and scope you cannot hope to virtualise
human senses and response characteristics and Event Mark in real-time i with the mBBTK
you can do just that!

Post hoc timing analysis of events is accomplished using a virtual 20-channel Logic Analyser
style display. Moveable cursors allow event timing to be measured relative to any two points.
By default, 20 lines show the most common sensor inputs and stimulus types so that you
can quickly see the event marks that were sent to and from your external equipment when
your experiment was running.

For more detailed analysis spreadsheet style views show exact onset, durations and offsets

for each stimul us, response or synchronizat

exported to packages such as Excel or MATLAB for further analysis.

Release Candidate 1 Copyright © 2012 - 2018 The Black Box ToolKit Ltd. All rights reserved.
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2Frequently Asked Questio

Researchers, academics and technical staff from around the world are equally concerned
about the accuracy of their Event Marking and often contact us with specific questions. By
analysing trends, we have put together this short FAQ that should help answer many of your
guestions and allay any concerns you may have. This FAQ is an ideal place to start if you
are new to the mBlack Box ToolKit and maybe a little unsure of how you could use it within
your own area of expertise.

2.1 What is the mBlack Box Toolkit?

The mBBTK is a device that can accurately Event Mark stimuli, synchronisation signals and
responses as they are presented by your Experiment Generator on a STIM PC during an
experiment. It runs completely independently of your PC and has its own on board ARM
processor, clock and internal RAM. It reliably Event Marks and stores timestamps with sub-
millisecond accuracy and is time-locked to your own equipment.

2.2 What can it do?

Any input channel, or sensor, can be paired with between one and 24 unique TTL Event
Marking lines which can be fed into your own equipment (SCAN). In total there are 56x TTL
I/O lines made up of 24x rear TTL inputs, 8x front TTL inputs and 24x rear TTL Event
Marking Lines. In terms of sensors there are 4x 2.5mm sockets for BBTK Opto-detectors for
monitoring visual stimuli, 2x Mics for BBTK microphones for sounds and an Audio Pass-
Through I n and Out for monitoring audio f

2.3 Why Should | use it?

If you are running studies using external equipment that require a consistent and high
temporal resolution where you Event Mark stimuli and responses and report results in units
of a millisecond then you should be using the mBBTK to ensure what you assume you are
doing is actually true in the real-world. In short using the mBBTK ensures that your Event
Marks are accurate as they have been made using a high speed device running
independently of your stimulus PC, Experiment Generator or system recording timing data,
neurological or biological activity.

2.4 When Should | use it?

Each time you collect timing critical data you should use the mBBTK to Event Mark stimulus
presentations, synch signals and participant responses. As a rule you should use the
mBBTK whenever you report data in units of a millisecond. It can be used in any study that
allows for TTL Event Marks, e.g. EEG, Eye Tracking, fMRI and many other computer
controlled cognitive paradigms.

2.5 How can | Analyse Event Marking Timing Data?

As TTL Event Marks are made the status of all 72 mBBTK channels are timestamped with
sub-millisecond accuracy (sensor inputs are also counted as channels). All timestamps are

Copyright © 2012 - 2018 The Black Box ToolKit Ltd. All rights reserved. Release Candidate 1
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recorded in the mBBTKO6s internal memory and
a set time limit or you end your experiment early. Once uploaded you can analyse each
Event Mark on a 20-channel logic analyser (selectable from 72 channels) against a
millisecond accurate timebase. Spreadsheet views show the exact onset time, offset and
duration for each channel or sensor.

2.6 Can | run it Without a Control PC or Laptop in Standalone Mode?

Yes. The mBBTK has on board Non-Volatiile RAM (NVR) that can store up to 10 Event
Marking Profiles and sets of sensor thresholds. On power on this enables you to select a
profile by using the LCD screen and control knob on the front panel of the mBBTK. Simply
turn it to select an on board profile and then push it to run it.

2.7 Can it Event Mark for Hours on end?

Yes. You have the option to run in standalone mode in which case it will continue to Event
Mark until turned off. Alternatively, you can run connected to a host PC. If connected to a
PC the mBBTK will continue to Event Mark and collect timing data until a set time limit or
the maximum number of channel changes is reached, i.e. approximately 512,000 channel
changes. Remember a channel change is a change in the status of a channel or sensor. So
a stimulus being shown and then removed is two changes or On and Off.

2.8 How Easy is it to use?

We would like to think very easy. Our PC Software lets you pair any input channel, sensor
or response device with any Event Mark using drop down boxes as part of a wizard interface.
Simply build up a list of parings, or mappings, and enter a run time and press start to begin
Event Marking. When a set time limit is reached, or you decide to quit early, you can then
analyse captured timing data. Analysis is straightforward as you can use our graphical logic
analyser which shows the complete set of Event Marks. You can zoom in and use two
measurement cursors to compare the time between any channels or sensors. For more in-
depth analysis you can export spreadsheet views to packages such as Excel or MATLAB.

For standalone use without a control PC just download your Event Mark mappings to an on
board slot on the mBBTK, select it using the knob on the front panel and press to run.

2.9 How is it Different to a Black Box ToolKit v2?

The mBBTK is different to the Black Box Toolkitast he pr ef i x AmoO denotes
designed for Event Marking whereas the BBTK v2 is designed primarily to assess the
accuracy by which an Experiment Generator and accompanying hardware present stimuli

and records responses. In short, the BBTK v2 is a device designed for assessment and
correction of timing inaccuracies.

The mBBTK supports 24x Event Marking lines whereas the BBTK v2 only supports 8x Event
Marking lines. Crucially the BBTK v2 only supports simple Event Marking on a more limited
number of channels and sensors and cannot display timestamps or any other timing data
for post hoc analysis. Nor can it operate in standalone mode without a host PC.

Release Candidate 1 Copyright © 2012 - 2018 The Black Box ToolKit Ltd. All rights reserved.
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3. Worked Exampl es

Before introducing a series of worked examples it is useful to outline the sensor and TTL
connection options that the mBBTK offers. In total there are 56x TTL 1/O lines made up of
24x rear TTL inputs (line 24 shared with front 2.5mm socket), 8x front TTL inputs and 24x
rear TTL Event Marking Lines. Note all rear TTL I/O lines can use the screw terminal
breakout board. In terms of sensors, there are 4x 2.5mm sockets for BBTK Opto-detectors
for monitoring visual stimuli, 2x Mics for BBTK microphones for sounds and an Audio Pass-
Through In and Out for monitoring audio from a PCs soundcard. Finally, there is a 9-way D-
sub connection for dumb push-to-make buttons. However, there is no intelligent button
debouncing done with dumb buttons and this interface is provided solely for legacy
purposes. Instead, you are advised to use a 1-8 button BBTK USB Response Pad (with or

without Voice Key).

48x channel TTL /O
and Event Marking
Breakout board

Outputs Inputs
mBBTK TTL Breakout Board

ts TTL Event Mark Outeuts te “TLe Ineute

24x Event Marking TTL
output lines FROM the
mBBTK (25-way cable)

USB connection to 24x TTL input lines to the
control PC hosting Smaller USB mBBTK (25-way cable)
mBBTK PC Software socket
for mBBTK
firmware
On/Off switch updates
9V PSU power 4
socket (ONLY [
use supplied ol T
PSU)

Audio Pass-Through IN
for 3.5 stereo cables

Opto-detector inputs from computer
1-4 for monitoring of Microphone 1 & 2 Soundcargs to monitor
visual stimuli (use inputs for monitoring ; P
Tumn & push o)y BBTK optos) of auditory stimuli auditory stimuli
control knob (use only BBTK mics)

Audio Pass-Through OQUT
to connect to headphones

The B|9£§ khBOﬁﬂ;!"gmc‘)J‘K.t or speakers/amplifiers
LCD Screen oz cres_owes Pitor sz woihiero Single shot 2.5mm
O o ol OO TTL input shared with

Rear TTL in 24/VK, e.g.
used for TTL output

from BBTK USB Response
Pad with Voice Key

LED indicators for Front TTL input Connection for dumb

main sensors and lines 1-8, e.g. used push-to-make buttons.

TTL I/O and Event for TTL outputs from WARNING no intelligent

Marking lines BBTK USB Response button debouncing is done
Pad on these inputs as with the

BBTK USB Response Pad

Copyright © 2012 - 2018 The Black Box ToolKit Ltd. All rights reserved. Release Candidate 1
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Before you begin Event Marking in any live study you are advised to make use of the Input
and Output Line check modules built in to the PC Software. These show the pin outs for all
connections and enable to you test each line, sensor and pin individually with your own

equipment.

WARNING: It is recommended that you consult the wiring diagrams at the end of this
manual and enlist the help of a qualified engineering professional before connecting
any of your equipment to the mBBTK. The BBTK Ltd cannot be held responsible for
any damage to your own equipment, or to the mBBTK, howsoever caused.

.
>4 Input Line Check

2 [ |

Male DB25 TTLr input trigger port -

activate pin to light LED

ILC lets you check the status of all 48 input trigger lines, e.g. opto-detector, microphone, keypad, TTL front and rear etc.
If a trigger is active the comesponding LED will be illuminated™
For D connectors schematic pin outs are shown. Hover cursor over a LED to show its comesponding pin number.

To stop the Input Line Check press the button on the front of the mBBTK and click on Done.

Male DBS TTLf input trigger port - activate pin to light LED

1 3 5 7 9 1M1 13
[ I A A o Bl
N DB25: View looking into
.@@@ @@@ @@@ @@@ @@@@@@@@@ / o | e Tlems
connector {pin ]
i?i?i?i?i =
141516 171319202122232425

1 3 5
2 4
' ' ' o . DB3: View looking inta
[DYaONONG: front male TTL input
2900 ®\ o )@ (o) /®| comnectorpin9is
GND)
T T
& T 9
Female DBS front response pad/button input & 3 1
I 1 I ? I DBS: View looking int: “NB: Input tri at b
: View looking into : Input triggers may not be
' ' ' ' 9 é é é é 6 front female response synchronized exactly with LED
. ‘ ‘ ‘ L q ? L pad/button input ilumination as this utility is purely to test
connector (pin Jis triggers and not for latency
I é | é GND) assessment.
9 7
Press F1 for Help.
Binary input status  000000010000000000000000000000000000000000000000
f N
€ Output Line Check u—J@ e
Female DB25 TTLr output port - click on LED to activate pin
13 12 1 10 g 8 T & 5 4 3 2 1
I A - B
’o‘o‘o‘o...o.\% DB25: View looking
into rear female TTL
200000000000 ® ® | ot connector n
L S B S s B 25is GND)
25 2 23 % 2120 49 18 47 16 45 14

Binary output status

Press F1for Help.
‘

000000000000000000000001 OLC lets you toggle any of the 24 rear panel TTL event marking lines onloff. To toggle a line click on its LED.

If a line is active the LED will be iluminated and +5V will be output on the comesponding pin®

*MB: TTL outputs may not be
synchronized exactly with LED presses
as this utility is purely to test outputs
and nat for latency assessment.

Release Candidate 1
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All worked examples use the screw terminal breakout board and individual wires to and from
example equipment. The breakout board is mainly used when developing Event Marking
solutions. Typically, neater captive, or custom-made cables, would be used after the
development phase. Please contact us to discuss your needs if you would like us to
professionally make up cables for you. These would unobtrusively connect directly to the
rear of the mBBTK and your own equipment.

The worked examples that follow start with simple Event Marking of a single visual stimulus
and progress to more complex ones which exploit the full functionality of the mBBTK, e.g.
start/stop trial signals from your STIM PC, visual and auditory stimuli, a four button BBTK
USB Response Pad with Voice Key.

As each sensor input, or TTL line, is Event Marked both the physical connections and the
settings required in the PC Software for each example are discussed. All examples assume
that the mBBTK is Event Marking on an EEG system and so is connected to the EEG System
Units TTL trigger in port. Theoretically an Eye Tracker, fMRI paradigm or other system where
millisecond accurate Event Marks are required can be directly substituted.

Finally, standalone use of the mBBTK without a host PC is covered. You should note in this
mode no timing data is collected but sub-millisecond accurate Event Marking is still
maintained.

Remember that these worked examples are merely illustrative. For further advice, you
are advised to consult a qualified engineering professional within your organisation
before connecting any of your equipment to the mBBTK. The BBTK Ltd cannot be
held responsible for any damage to your own equipment, or to the mBBTK,
howsoever caused.

Copyright © 2012 - 2018 The Black Box ToolKit Ltd. All rights reserved. Release Candidate 1
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3.1 Worked Example 1: Simple Visual Stimulus Event Marking

The simplest form of Event Marking is when a single visual stimulus is paired with a single
TTL Event Mark. When the stimulus is shown a +5V signal will be sent to the EEG System
Unit for the duration of that stimulus. The leading edge of the Event Mark is the onset and
the trailing edge is the offset of the stimulus. The duration of the stimulus image will appear
as a digital Event Mark on the special Event Marking Trigger Input channels of the EEG
software.

The schematic below shows how a single mBBTK Opto detector is placed on screen (grey
line) and how from the breakout board (yellow) an Event Marking line, or cable, is connected
to the EEG System Unit (red) so that the +5V signal will appear on the STIM Trigger Input
port and ultimately on the EEG Event Marking channels.

In this example, the mBBTK is controlled from a laptop via USB (blue). In the PC Software,
the Timestamp & Event Marking (TEM) settings would look similar to those shown below.
Here Opto 1 has been paired with TTLr Out 1 so that each time there is a visual stimulus a
5V signal will be present for the duration the stimulus is on screen. In this example, timing
data is only captured and recorded for 5 seconds. In a real study you would enter the
minimum duration of your experiment.
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