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IMPORTANT 
The response pad self-calibrates/tares for around 20 seconds after its USB leads are first 
plugged-in.  During this period do not press any buttons and ensure that there are no vibrations 
around the response pad.  At all times the response pad should be located on a flat hard surface. 
 
Whilst self-calibrating unladen weights the response pad will not respond to any serial 
commands or to the BBTK partner App.  If required the response pad firmware can be updated 
during the first 10 seconds. 
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Credits: 
 
Author: Dr. Richard R. Plant, C.Psychol, CSci, AFBPsS 

 
 
Covers the following hardware: 

 
 The Black Box ToolKit 1-5 Button Pressure Sensitive Force Activated USB Response Pad v1 
 
 
For the following platforms: 

 
Microsoft Windows XP SP3, Vista SP2 (32/64), Windows 7 SP1 (32/64) 
Windows 8 (32/64), Windows 8.1 (32/64), Windows 10 (32/64), Windows 11 (64) 
Mac OS 8/9, OS-X 
Linux 2.4 and greater 

 
 
Contact details: 
  
 Phone:  +44 (0)114 303 00 56 
 Fax:  +44 (0)114 303 46 56 
 
 

Email:   info@blackboxtoolkit.com 
   support@blackboxtoolkit.com  
   sales@blackboxtoolkit.com  

 
Web address:  www.blackboxtoolkit.com  

  

mailto:info@blackboxtoolkit.com
mailto:support@blackboxtoolkit.com
mailto:sales@blackboxtoolkit.com
http://www.blackboxtoolkit.com
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Please read this manual fully before using the 1-5 button pressure sensitive force activated USB 
response pad. Improper connections to the input ports can cause the response pad to reset, or 
even cause permanent damage. Damage caused by over, or reverse, voltage conditions resulting 
from improper wiring to the ports is not covered under the warranty. 

 

When not in use you are advised to disconnect it from your equipment. 
 
 
IMPORTANT 
The response pad self-calibrates/tares for around 20 seconds after its USB leads are first 
plugged-in.  During this period do not press any buttons and ensure that there are no vibrations 
around the response pad.  At all times the response pad should be located on a flat hard surface. 
 
Whilst self-calibrating unladen weights the response pad will not respond to any serial 
commands or to the BBTK partner App.  If required the response pad firmware can be updated 
during the first 10 seconds. 
 
 
 
RE-TARING 
Before running each participant you are advised to re-tare each load cell as they can be effected 
by temperature and use changes. 
 
This is an inherent feature of load cell technology and frequent re-taring is recommended for all 
load cells by all manufacturers. 
 
Re-taring is simple and can be done in our App on the settings screen or using simple serial 
commands in a terminal window. It can even be built into your experiments as with our Serial 
Streaming Example in PsychoPy. 
 
For more details see the see the section on re-taring. 
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Background 
The BBTK 1-5 button pressure sensitive force activated USB response pad allows you to easily integrate 
force measurements with standard keyboard keystroke responses. 

Each force sensor comes with your choice of standard Cherry MX linear button switch with tactile feedback 
(like a standard keyboard key) or Isometric non-moving button (like pushing your finger against a hard 
surface). But you can choose to have a spare replacement so you could swap between each type to 
determine which works best in your experiment. 

The PSURP connects to your PC using two USB ports. The first, a serial port, streams live force data from 
each button to the PC. The second, a standard USB Keyboard HID, sends keystrokes to the PC when a set 
force threshold is passed, i.e. a key down is sent which appears as though as a key had been pressed and 
held down on a second keyboard. The key is held down until the threshold is not met due to the force 
button being released.  

You should not confuse the PSURP with a set of weighing scales. Weighing scales weigh static weights, 
placed in a perpendicular manner over multiple force sensors and average between them over relatively 
long periods. 

The PSURP should be thought of as being more like a relative force measuring device versus an absolute 
weighing machine. Physics means that if two people press the same force sensitive button they will each 
press it in a different way. One may press it at 90 degrees downwards whilst the other may press it with 
more of a sideways force. In both cases the force sensor will react slightly differently based on the finger 
position and how the force is applied through the button as the diagrams below show. The same person 
will probably press differently between trials too. 

 

Under ideal conditions you should aim for Example 2 when pressing force sensitive buttons, i.e. apply a 
perpendicular force at 90 degrees (https://www.grc.nasa.gov/www/k-12/airplane/torque.html). Consider 
point p as being the force sensor. 

 

https://www.grc.nasa.gov/www/k-12/airplane/torque.html).
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Simple Physics suggests that to aid consistency try to ensure button presses are perpendicular, i.e. at an 
angle of 90 degrees, to the button. 

The best way to think of force data is in terms of relative EEG data where data is averaged rather than 
absolute voltages compared between two people even where an electrode is placed in the same location. 

You should ensure that the PSURP is placed on a flat, hard and level surface when in use. Even desks 
which may appear flat might contain imperfections which can impact on the reliability and repeatability 
of force measurements. 

Each time the PSURP is powered on by plugging the USB lead in, each force sensor will automatically re-
tare itself, i.e. self-recalibrate to zero. Depending on atmospheric conditions, e.g. heat and cold variation, 
you are advised to leave the PSURP in the room where you intend to use it for the sensors to acclimatise. 
In addition before each use or between participants you are advised to re-tare the unit by powering off 
by removing both USB leads and then replugging. 

Ensure that when the PSURP is powered on by plugging the USB leads in and it is re-taring that no 
weights or forces are exerted on the sensors, otherwise a false zero self-calibration value will be 
obtained and the tare value will be inaccurate meaning that any forces measured will also be inaccurate. 
Self-taring or zeroing is what all electronic scales do when first powered on. 
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Key features 

 Sleek carbon fiber enclosure (300 mm x 250 
mm LW) 

 Choice of 1 to 5 pressure sensitive force 
activated buttons 

 Each button can detect between 0 & 3000 g 
/ 29.4 N / 6.61 lb of force (1 Gram = 0.0098 
Newtons) – If forces exceed 3000g they will 
be reported as 3000g 

 0.3 g / 0.0029 N / 0.00066 lb granularity 
 Button layout can be customized to meet 

your needs 
 Choice of standard Cherry MX linear switch 

with tactile feedback (like a standard 
keyboard key) or Isometric non-moving 
button (like pushing your finger against a 
hard surface) 

 Clear cap buttons allow you to put your own 
labels under a tamper-proof clear plastic 
cover 

 Each button can have its own unique 
light/LED indicator which activates when a 
set threshold is reached 

 Works out of the box with PCs/Macs/Linux 
 iOS & Android compatible for tablets and 

phones 
 Compatible with all Psychology experiment 

generators, e.g. E-Prime, SuperLab, 
Presentation, Inquisit, DMDX, ERTS, 
DirectRT, PsyScope, PsychoPy etc. 

 Fully plug in & play 
 Appears as a second keyboard for ease of 

integration with existing experiments 
 Map buttons to any keystroke you need 

(keystroke held down when a threshold you 
set is met) 

 Full-speed USB 2.0 (compatible with USB 
3.0) 

 250 Hz sampling rate (4 mS) @ 230400 baud 
serial speed 

 125 Hz sampling rate (8 mS) @ 115200 baud 
serial speed 

 Guarantee millisecond precise responses* 
 Built-in TTL event marking/TTL triggers for 

EEG, biofeedback, fMRI and time audit 
 Works with the Black Box ToolKit v2/3 and 

mBBTK v2 (event marking version) 
 Partner App captures timestamped 

streamed pressure/force data from each 
button and stores it to disk whilst your 
experiment simply needs to look for 
keystrokes as if a key had been pressed on a 
standard USB keyboard 

 App allows you to quickly and easily time 
lock your RT results to pressure/force data 

 Settings stored in non-volatile RAM once set 
using the App, e.g. activation thresholds, 
keystrokes to output, set TTL inputs and 
outputs etc. 

 Platforms supported: 
o Microsoft Windows XP SP3, Vista 

SP2 (32/64), Windows 7 SP1 (32/64), 
Windows 8 (32/64), Windows 8.1 
(32/64), Windows 10 (32/64), 
Windows 11 (64 bit) 

o macOS# 
o Linux# 

 
#BBTK Microsoft Windows software Apps 
not supported directly. Full API provided for 
control over serial regardless of platform 
used. USB Keyboard HID natively supported 
via Plug and Play (PnP). 
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Example Technical Base Labels for the PSURP 
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Example Calibration Report 

 

 

  



The Black Box ToolKit – PSURP v1 Page 9 of 61 
 

Release Candidate 1 Copyright © 2022-23 The Black Box ToolKit Ltd. All rights reserved.  
 

1. Installing Drivers for the Virtual Serial Port 
Plug in the Serial lead, but leave the Keyboard lead unplugged for now. 
 
Download and install the VCP drivers for your OS, i.e. Windows (Desktop) from: 

https://ftdichip.com/drivers/vcp-drivers/ 

Once installed you should have a Virtual Communications Port on your computer through which the PSURP 
will stream force data back to the PC. 

Before you use it for the first time however you need to set the latency of the communications to 1mS as 
the default is 16mS which is too slow. 

Locate the COM port in Computer Management in Windows.  In the example below COM 4 this is COM 4. 

 

  

https://ftdichip.com/drivers/vcp-drivers/
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Right click on the COM port and then left click on Properties. 

 

Next click on the Port Settings tab and then on the Advanced… button. 
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Drop down the Latency Timer (msec) combo and select 1 mS and then click on OK.  Finally click on OK again. 

 

Now that you have a COM port setup you will be able to communicate with the PSRUP and stream Force 
Data back. 

Make a note of the COM port number so you know which port the PSURP is installed on. 
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2. The BBTK Pressure Sensitive URP Configuration & Test Utility 
Install the BBTK Pressure Sensitive URP Configuration & Test Utility using the setup EXE provided. 

Ensure you install the software for All Users and that you have Administrator Rights to the PC when you 
install. 

The software has multiple roles and is designed to make your life easier. 

It is designed to: 

1. Let you test that the PSURP is functioning correctly and streaming force data and HID keyboard 
keystrokes when set predefined force thresholds are passed. 

2. Enable you to configure the PSURP, e.g. force thresholds for streaming data or pressing keyboard 
keystrokes. 

3. Capture force data while you run an experiment, i.e. capture force data independently of your 
experiment and store it to a PSL file, i.e. a Pressure Sensitive Log File. 

4. Load and preview stored force data from a PSL file. 
5. Time lock timestamped force data from a PSL file to the presentation and RT data from your own 

experiment, i.e. synchronize RT’s with force data.  Currently examples are only provided for 
PsychoPy. 
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2.1. Check the PSURP is Working Correctly 
Start the Configuration & Test Utility and select the Serial port your PSURP is connected to and then click on 
Connect. 

 

If you successfully connect the green connection LED will be illuminated and a dialog box will pop-up. 

Click on OK to start using the utility. 

By default the PSURP starts in command mode meaning that it is ready to accept commands from your PC 
over the serial connection. 
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To start streaming force data click on the Start button. 

 

If you press button 1 on the PSURP the virtual button will go up and down as force data is streamed from 
the PSURP. The Mode LED will turn green as will the streaming LED. 

 

When the PSURP button is released the virtual button will be shown as up and the Streaming LED will go 
red. 
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To add in more detail click on the View menu. In this case we want to see Individual Button Readouts in 
Grams. 

 

 

Now when a button is pressed you will be able to see the forces applied to the button in Grams. 

 

 

If you wish to plot live curves then add Individual Button Force Graphs from the View menu. The force 
curve for button one will then be plotted. 

Note that the Y axis refers for forces in Grams and that the X axis refers to sample number. Remember that 
the PSURP samples at 400 Hz or every 2.5 mS so 100 on the force graph below is a time period of 250 mS or 
100 samples. 
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At this point you could plug in the Keyboard HID USB lead. This will let the PSURP send keystrokes to the PC 
as though keys on a second keyboard had been pressed. Once a given force threshold is reached a key will 
be pressed and held down until that button is released. 

Again click on View and Keyboard HID Preview. 

 

As the button is pressed and the force threshold surpassed the linked keyboard key will be pressed and 
held down until the button is released. 

In the example shown below the threshold is set at 25 g and when 25 g is reached the letter “a” is held 
down. 

 

To stop streaming force data and to go back into Commands mode click on the Stop button. 
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2.2. Configuring the PSURP 
To configure the PSURP ensure that you are in Command Mode, i.e. you have pressed the Stop button. 
Then click on the Configuration & Running Settings toolbar icon. 

 

The settings you can change are shown in the right panel below. 

 

The most common settings you might alter are the button force activation thresholds. Generally these 
should be the same for both Down and Up. 

Next is the Keys to type when those force thresholds are surpassed, e.g. when BUTTON 1 has a force of 25 g 
or more applied to it the letter “a” will be held down and only released when the force applied is less than 
25 g. 
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You can also set the letters that are typed is either of the two TTL input lines go from 0V to 5V. These might 
be TTL input triggers from a BBTK v2 or mBBTK v2, e.g. a TTL trigger that is tied to a visual stimulus being 
displayed on screen. By combining the PSURP with other BBTK hardware this allows you to measure 
responses with millisecond accuracy relative to stimulus onsets in the real world. 

When you are happy with your settings click on Make Running Settings and/or Save As Power-on Defaults. 
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3. Manually Starting and Stopping the PSURP 
To control the PSURP manually you should ensure that nothing is accessing the same virtual COM port. This 
includes our App. 

Manually Putting the PSURP into Run Mode/RUNE to Stream Serial Forces and HID Keypresses 
To manually set the PSURP to stream button force data and HID keypresses press the reset button quickly 
and release. The Status LED will now turn green. 

Depending on how you have configured your PSURP and if you have connected the Keyboard USB lead a 
letter will be typed and held down when you exceed a set threshold on a given button. You can check this 
using Notepad for example: 

 

In the example we can see that button 1 has been held down producing an ‘a’ which is held down and 
repeated. Then button 2, 3, 4 and 5 is briefly tapped.  

A good way to check HID keypresses is to use our online checker in a web browser: 

https://www.blackboxtoolkit.com/tools/ttltokeys/linechecker.html 

 

 
Manually Stopping the PSURP 
A short tap on the reset button will take the PSURP out of Run Mode/RUNE and will put it back into 
Command Mode ready to receive commands over serial. The Status LED will turn amber. 

 

https://www.blackboxtoolkit.com/tools/ttltokeys/linechecker.html
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4. Re-taring Using the App or in a Serial Terminal 
To maintain accuracy and repeatability of force measurements it is critical that you re-tare the PSURP and 
its load cells frequently. Generally this should be done at the start of each experiment or with each new 
participant. 
 
Fortunately this is easy to do using our App or over serial and can take as little as 5 seconds. You can even 
build it into your experiment as with our PsychoPy streaming serial example. 
 
To re-tar using our App go into the configuration screen. Next you can click on each button to see what the 
force exerted on any button is. The Current Force will then be displayed. 
 

 
 
To re-tare all your load cells click on each Zero / Re-Tare button in turn. Each load cell will now be set at 
zero with no force on it and will be used until the PSURP is re-tared again or powered off bu removing all 
USB leads. 
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Re-taring in a serial terminal is simple. Just send the TARx command for each button. For example: 
 

 

TAR0 
6356 
TAR1 
8220 
TAR2 
6126 
TAR3 
7764 
TAR4 
6556 

 
To re-tare button 1, issue the TAR0 command followed by enter or return. An internal value will be 
returned. This is not used and is just given for feedback. 
 
Leave around a second between re-taring each load cell with the TARx command. 
 
You will need to repeat this for each load cell you have installed. In the example above all 5 load cells are 
re-tared. The list of load cells installed in your PSURP can be seen on the Configuration & Settings sceen. 
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If you wished to do this at the start of your experiment before each new participant you could send the 
commands directly from your scripts over serial. The example below shows how this might could be done in 
PsychoPy: 
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5. Manually Capture Force Data 
There are two ways to capture data. One which is manual and one which is automatic and controlled from 
your own experiment generator. 

To help understand the process it’s useful to try the manual method first. 

To begin choose a Pressure Sensitive Log file, or PSL file, to save the force data to as you press buttons. 

 

The short filename will be shown in the title bar. 

 

Ensure that you have clicked the green play button and that the PSURP is in Force mode. 

Finally click on the record button. 

 

Any force data will now be streamed and recorded to the PSL file you chose. 

To stop click on the Stop button so that the hourglass stops spinning. 
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Below we can see an example file. 
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Metadata about the PSURP settings are 
stored at the start of the file. 
 
Each sample is stored as an incrementing 
row. 
 
Data is stored in base 71 encoding as the 
arrow shows. 
 
The first two bytes are for button 1, bytes 3 
& 4 for button 2 and so on. The last bytes 
on the right is for the two TTL input lines. 
 
Note that in manual mode because the 
buttons go up on down on the GUI preview 
data is not stored at the exact time each 
button is pressed. 
 
However each row is a sample every 2.5 mS 
or 400 Hz. 
 
Because the interface is being updated data 
cannot always be dumped fast enough. 

 

To decode this data stream an Excel Macro-Enabled Worksheets is provided. 
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To be able to use the spreadsheet you will need to enable Macros by clicking on Enable Content. 

 

 

Once you have enabled Macros you can copy and paste the rows of data into the spreadsheet. 

To open large *.PSL files we use Notepad++ and copy and paste from that into Excel. 

This will then be automatically parsed into two bytes for each button and also converted to Grams and 
Newtons. The status of the two TTL input, or trigger lines, will also be parsed as off (0V) or on (+5V). Finally 
a force graph for the button will be shown. 

In the example below only the first 100 samples or 250 mS are shown. 
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If you click on the Base 71 decode tab you can see how Base 71 is converted to Decimal. You will need to do 
this if you read streamed force data live into MATLAB for example. 
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Although the BBTK PSURP partner App makes capturing and storing force curves a breeze, advanced users 
might prefer to read the streamed data directly, e.g. if they want to provide live feedback to participants. 
Remember though to keep it simple you can still accept keyboard keystrokes if you wanted. 

For the more technically minded the PSURP streams data over a Virtual USB COM Port, AKA a serial port, at 
a 230,400 Baud rate. Serial is a widely implemented industry standard communications protocol and is 
easily understood. 

11 bytes of data are sent every 2.5 mS which gives a sampling rate of 400 Hz. The first 10 bytes, or 
characters, are pairs of force values in grams for each of up to five buttons. The last byte to the right is the 
status of the two TTL input event marking lines. These event marking or trigger input lines might be from 
Opto-detectors, Mic or your own equipment. 

Each button force is encoded in base 71 to allow for more data in each byte pair. This means you will need 
to convert it to base 10 before reading off the force value in grams. 

So to take an example force data stream for one sample, e.g. gG000000000: 

gG is the raw force value for button1 

00 00 00 00 afterwards means that buttons 2 to 5 are not pressed 

0 the final zero means that there are no TTL input event markers or triggers 

The first step in the process is to convert the raw force value from base 71 into decimal. 

  

 
To do this simply take the first byte, i.e. “g” and look-up on the chart above. This gives a decimal value of 
16. Next multiply this by 71 to give, 16 * 71 = 1,136. Next take the second byte “G” which gives 42 in 
decimal (no multiplication for the second byte). Then finally add the decimal values of the two bytes 
together to give the force in grams: 

g = 16 * 71 = 1,136 

G = 42 

Force = 1,136 + 42 = 1,178 g 

If you want to convert grams to Newtons simply apply the following post hoc conversion: 

1,178 g * 0.0098 = 11.5444 N 

We provide an Excel spreadsheet that lets you decode the PSL files (Pressure Sensitive Log) which our 
PSURP partner App captures when it records force curves for each button press. 

For the status of the two input TTL event marking lines or triggers, simply look up the decimal value: 



The Black Box ToolKit – PSURP v1 Page 29 of 61 
 

Release Candidate 1 Copyright © 2022-23 The Black Box ToolKit Ltd. All rights reserved.  
 

Decimal 
Value at 
Byte 11 

TTL In 1 TTL In 2 

0 0 0 
1 0 1 
2 1 0 
3 1 1 

 

If you use an industry standard serial terminal such as Tera Term you can see the raw data stream. 

It is this serial stream that you need to process in your own experiments if you wish to use live force data as 
the buttons are pressed. Remember you will need to convert from base 71 to Grams as explained above 
and demonstrated in our sample Excel spreadhseets. 

 

The settings used for serial communications and streaming are shown below in Tera Term. 

To access these choose, Setup and then Serial port… 
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You also need to ensure that your terminal settings match the PSURP. To select these chose, Setup and 
Terminal… 
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To start streaming force data type RUNE followed by Transmit (CR+LF), i.e. enter. 

To stop streaming send a capital X. 

 

Single Sample versus Streaming or Threshold Mode 
A new single sample mode allows you to request the status of all load cells and TTL inputs as a single 
sample by sending a capital W. 

To start single sampling on request type RUNW followed by Transmit (CR+LF), i.e. enter. 

Here we can see the command RUNW issued in Tera Term to start single sampling. 

Next to request a sample across all load cells a capital W is sent. Immediately after the status of all the 
connected load cells and TTL Input lines is returned. Note that W is not followed by a Transmit (CR+LF), i.e. 
enter, it is simply a single W byte, i.e. a keyboard press. Each time a W is sent 11 bytes will be returned as 
the downward pointing arrow shows. 

You should wait until all 11 bytes are returned, i.e. terminated in LF, before sending another request. 

Typically at 230400 baud a request can be made every 4 mS or 250 Hz and at 115,200 baud every 8 mS or 
125 Hz. These correspond to streaming mode sampling speeds. 

 

To stop single sampling mode send a capital X. 
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6. Load and Preview Stored Force Data From a PSL File 
You can load and preview stored force data from a PSL file by clicking on the chart icon from the toolbar. 

 

Then to open a PSL file click on File | Open… 
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Once loaded the force graph will be plotted along with a data table/spreadsheet below on a per button 
basis as shown. 

 

To see more of the force graph or go full screen click on each plots maximize button. 
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Further options are available via a context sensitive menu that can be accessed by right clicking on the plot 
and then left clicking, e.g. to show a cursor. 

 

You can also press the shortcut key to achieve the same result, e.g. pressing H to highlight data on the 
spreadsheet based on where the cursor is on the force plot. 

You can also double click on a sample row for the cursor to be shifted to that point on the force plot. 
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7. Time Lock Timestamped Force Data From a PSL File to the Presentation and RT Data From Your Own 
Experiment 
If you are not live streaming force data directly into your own experiment the easiest and most reliable way 
to capture force data alongside RT’s is to use our App but in “Runner mode”. This is where your experiment 
is only interested in looking for and reacting to keystrokes to capture RT’s whilst at the same time our App 
is capturing force data that can be Time Locked after your experiment has finished. 

This is the preferred way of running experiments unless you are a competent programmer in whichever 
Experiment Generator you have choosen to use. 

NOTE: All examples are provided “as is” with no warranty expressed or implied as to their quality or 
fitness for purpose and are used entirely at your own risk. You should also take note of the version of 
PsychoPy that was used. As PsychoPy is frequently updated not all examples may run in all versions. 

A complete example is provided for PsychoPy but the same rationale can be applied to other Experiment 
Generators such as MATLAB, E-Prime, Presentation etc. 

To use runner mode connect to the PSURP via the App as normal. 

Initially “Runner mode” will be off and the runner toolbar icon will be red as show. 

 

Click on the runner so that it turns amber and “Runner mode” is displayed in the Mode panel. 

 

When the running man is amber a file in the folder: “C:\BBTK PSURP” is monitored. 
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A single file called: PSURP_runner.txt is used to control the PSURP and the data file which the force data is 
written to.  In this mode no GUI updates are performed force data is directly streamed and timestamped to 
another file named in “PSURP_runner.txt”. 

 

Your Experiment Generator should write the filename to store the force data to, i.e. the Pressure Sensitive 
Log file (PSL) on the first line and then the second line tells our App whether to capture the force data, i.e. 
is the experiment running, 1 for True and 0 for False. 

 

For the filename a fully qualified path needs to be saved by your experiment. 

The file you write from your own script must be called, “PSURP_runner.txt” and be in the folder, “C:\BBTK 
PSURP”. 

When you change from 0 to 1 on the second line of the file the running man icon will change to green as 
force data is streamed to the filename you choose. 

Remember once you have written the runner control file you need to make sure you close it in your own 
scripts before starting your experiment. 

All your experiment need do then is present an image for example and monitor for a keystroke. In the 
PsychoPy example provided RT’s are recorded on the first passing of the force threshold set when the down 
keystroke is sent and the trial advances when the an up keystroke is sent, i.e. when the force sensitive 
button is released. 

Although our App records the force sensitive presses and timestamps all the data your Experiment 
Generator needs to record it’s own data in a specially formatted text file, i.e. a file with all the trials and 
RT’s in it. 

In the PsychoPy example provided this is stored in a CSV file that PsychoPy writes after each trial is 
completed. 

 

This is stored in the “data” folder of the PsychoPy experiment. 
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You should ensure that the BBTK Python library is in the same folder as your experiment as that helps you 
write the control and data files. 

 

The PsychoPy data file with presentation info and RT’s basically consists of one trial per row. 

 

This can be loaded into Excel if you wish to preview it. 

Each line of the file, or trial, is also timestamped. 

Because PsychoPy and the BBTK PSURP App are running on the same stim computer they both have access 
to the same Real Time Clock and should have roughly the same timestamp. 

With this in mind our App allows automatic time locking of data so that you can combine the PsychoPy data 
file with presentations and RT’s with our Pressure Sensitive Log file (PSL) so that you can easily see force 
curves for each response. 

To time lock the two data files click on the clock icon on the toolbar. 
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You then need to open the PsychoPy Experiment Data File, i.e. the CSV file that was written as each trial 
was presented. Next you need to open the PSL file where the force or pressure data was stored. 

 

Here we can see the PsychoPy data file loaded into the top spreadsheet and the PSURP PSL file into the 
middle spreadsheet. 
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Once both files are loaded and the spreadsheets filled you will need to tell the App which columns of the 
CSV file contain the First Key Down RTC (Exp Gen) and All Keys UP RTC (Exp Gen) as this is what you will be 
time locking to. 

To do this scroll over to the columns in question on the spreadsheet and right click to select. 

 

Repeat the process for the All Keys Up Column. 

  

When completed you should have a First Key Down Col and an All Keys Up Col similar to that shown above. 
The column name and column number should also be displayed. 

To time lock the files together click on the time lock button from the toolbar. 
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We can see below where the response was registered, i.e. where the key down keystroke was sent to 
PsychoPy by the PSURP. We can also see the force data in Grams in the column labelled B1 Force in green. 

 

If we click on the plot icon from the toolbar we can plot the forces for each button. 

 

If we double click on a trial in the middle spreadsheet we can see the point in the force graph where the 
key down keystroke was sent to PsychoPy. 
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This enables you to see force curves for each trial. 

As before context menus on spreadsheets and graphs can be accessed by right clicking on the spreadsheet 
or the plot. 
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8. Building a Simple Serial Streaming Experiment in PsychoPy – Advanced Users 
If you are a competent programmer and are familiar with using serial, you can directly read the Base 71 
serial stream of force and TTL data from the PSURP live. 

This has the advantage that you can provide feedback to given forces exerted on buttons for example and 
don’t have to use our App and/or HID keyboard keystrokes. 

NOTE: All examples are provided “as is” with no warranty expressed or implied as to their quality or 
fitness for purpose and are used entirely at your own risk. You should also take note of the version of 
PsychoPy that was used. As PsychoPy is frequently updated not all examples may run in all versions. 

A complete example is provided for PsychoPy but the same rationale can be applied to other Experiment 
Generators such as MATLAB, E-Prime, Presentation etc. 

The PsychoPy experiment provided reads the Base 71 serial stream from the PSURP and converts it to 
Grams and Newtons. Everything is displayed on one Trial screen as shown below. 

It does this for 1,000 samples or refreshes/screen flips. 

 

You should note that the PSURP is actually sending streamed serial force data faster than PsychoPy can 
display on screen as the screen is only refreshed once every 16.66 mS at 60 Hz. 

In other words on each screen refresh a check is made to see if a complete sample of 11 Base 71 bytes is 
available. If it is this is parsed/converted and displayed. 
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The complete experiment is shown below so that you can see the Flow. 

 

The key Routine is the trial shown in green. Within the trial object your serial connection is made 
depending on your virtual COM port number, variables initialised, Base 71 parsed/converted and forces 
displayed live on screen on each refresh/flip. 

The Routines have the following roles: 

Welcome Screen telling you what the experiment does. 

Reset_PSURP Sends an X over serial to the PSURP to stop any streaming and 
put it into Command Mode. 

TARE Re-tares each load cell one at a time using the TARx command 
with a 1 second delay in between taring each load cell. 

run Sets the PSURP to RUNE mode. 

trial Displays load cell forces live after being parsed/converted 
from Base 71. 

Goodbye A goodbye screen. 
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The screens you see are shown in the following order: 

Welcome 

 

Reset_PSURP & TARE 

 

run 
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trial 

 

Goodbye 
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PsychoPy Code 
To enable PsychoPy to work with the PSURP pieces of code <\> are inserted into various Routines. The code 
used is shown below for the relevant routine. 

reset_PSURP 
In this routine the serial buffer in PsychoPy is flushed of any input and an X sent to the PSURP to put it into 
command mode. 
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TARE 
The TARE code re-tares each load cell with a 1 second delay which allows it to level. 

  

RUNE 
The RUNE code puts the PSURP into serial streaming mode. Usually the BASE 71 forces are only streamed 
when a button is pressed and a threshold passed. Depending on how you have configured your PSURP a 
constant stream may be sent even when there are no forces on any load cell, i.e. all zeros. 
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trial 
The trial Routine is where all the heavy lifting is done. 

 

The trial routine has various code Properties as shown below: 
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Each Frame Code 
The Each Frame code is where the Base 71 serial stream is parsed/converted and forces displayed in Grams 
and Newtons. 
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You should be careful when editing code as misplaced indents may case the code to fail. 
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9. Key features 

 Sleek carbon fiber enclosure (300 mm x 250 
mm LW) 

 Choice of 1 to 5 pressure sensitive force 
activated buttons 

 Each button can detect between 0 & 3000 g 
/ 29.4 N / 6.61 lb of force (1 Gram = 0.0098 
Newtons) – If forces exceed 3000g they will 
be reported as 3000g 

 0.3 g / 0.0029 N / 0.00066 lb granularity 
 Button layout can be customized to meet 

your needs 
 Choice of standard Cherry MX linear switch 

with tactile feedback (like a standard 
keyboard key) or Isometric non-moving 
button (like pushing your finger against a 
hard surface) 

 Clear cap buttons allow you to put your own 
labels under a tamper-proof clear plastic 
cover 

 Each button can have its own unique 
light/LED indicator which activates when a 
set threshold is reached 

 Works out of the box with PCs/Macs/Linux 
 iOS & Android compatible for tablets and 

phones 
 Compatible with all Psychology experiment 

generators, e.g. E-Prime, SuperLab, 
Presentation, Inquisit, DMDX, ERTS, 
DirectRT, PsyScope, PsychoPy etc. 

 Fully plug in & play 
 Appears as a second keyboard for ease of 

integration with existing experiments 
 Map buttons to any keystroke you need 

(keystroke held down when a threshold you 
set is met) 

 Full-speed USB 2.0 (compatible with USB 
3.0) 

 250 Hz sampling rate (4 mS) @ 230400 baud 
serial speed 

 125 Hz sampling rate (8 mS) @ 115200 baud 
serial speed 

 Guarantee millisecond precise responses* 
 Built-in TTL event marking/TTL triggers for 

EEG, biofeedback, fMRI and time audit 
 Works with the Black Box ToolKit v2 and 

mBBTK v2 (event marking version) 
 Partner App captures timestamped 

streamed pressure/force data from each 
button and stores it to disk whilst your 
experiment simply needs to look for 
keystrokes as if a key had been pressed on a 
standard USB keyboard 

 App allows you to quickly and easily time 
lock your RT results to pressure/force data 

 Settings stored in non-volatile RAM once set 
using the App, e.g. activation thresholds, 
keystrokes to output, set TTL inputs and 
outputs etc. 

 Platforms supported: 
o Microsoft Windows XP SP3, Vista 

SP2 (32/64), Windows 7 SP1 (32/64), 
Windows 8 (32/64), Windows 8.1 
(32/64), Windows 10 (32/64), 
Windows 11 (64 bit) 

o macOS# 
o Linux# 

 
#BBTK Microsoft Windows software Apps 
not supported directly. Full API provided for 
control over serial regardless of platform 
used. USB Keyboard HID natively supported 
via Plug and Play (PnP). 
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10. RJ45 TTL IO Pinouts 
The PSURP has a TTL output for each force sensor so that you can Event Mark on systems that can accept 
TTL inputs on digital ports, e.g. EEG machines. 

Pin Colour Description 
1 Orange / White Button 0 TTL Out 
2 Orange Button 1 TTL Out 
3 Green / White Button 2 TTL Out 
4 Blue Button 3 TTL Out 
5 Blue / White Button 4 TTL Out 
6 Green TTL 1 In 
7 Brown / White TTL 2 In 
8 Brown Ground GND 

The TTL signal is active high, +5 V, once the force threshold you have set is passed. This is generally when a 
keystroke is being output on the keyboard HID. 

Two other input lines, TTL 1 In and TTL 2 In, allow you to feed TTL signals into pins 6 & 7. So long as the 
active high voltage is between 3.3 V & 5 V, a decimal value will be produced at byte 11 of the output 
stream. 

Sampling rates will be the same as the serial speed, i.e. 250 Hz or every 4 mS @ 230400 baud or 125 Hz @ 
115,200 baud. 

For the status of the two input TTL event marking lines or triggers, simply look up the decimal value: 

Decimal 
Value at 
Byte 11 

TTL In 1 TTL In 2 

0 0 0 
1 0 1 
2 1 0 
3 1 1 
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Screw terminal TTL I/O breakout boards are now available and can be purchased via our website. 
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11. Troubleshooting 

Recovering After a Hard Reset 

 Plug in just the Serial USB lead 
 Open up Tera Term 
 Connect to the PSURP using the normal COM Port, but at 115,200 
 Press and hold the reset button on the rear right of the PSURP 

o The orange LED will go out and after around 10 seconds it will go red 
o Let go of the reset button 
o Both LEDs will go red and you’ll get something similar to the below in Tera Term: 

 

 Type GSET (enter).  This should give you something similar to the below in Tera Term: 

 

 Note the slower serial speed 
 Type SERS (enter) and then 230 (enter) 
 Some gibberish will appear as you are now connected at the wrong serial speed: 

 

 In Tera Term switch to the correct speed, i.e. 230,400: 
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 Hit enter a couple of times 
 Type GSET (enter) to see the settings and note that the serial speed will have changed 
 Finally type SAVE (enter) to save the new settings to working memory/NVR so when you next plug 

the PSURP in it is running at the correct serial speed 

All the settings shown should match those on the label on the base. 

Before using the PSURP for the first time you should unplug both USB leads so that it powers down and 
then re-plug so that it automatically self-calibrates or re-tares to zero. When you do this ensure that there 
are no weights or forces on the load cells/buttons. 
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12. How to Update Firmware in the PSURP 

Copy the: 

BBTK PSURP Flash 

Folder to your boot drive, which is normally C: 

 

TinyMultiBooloader+.exe is the software that is used to flash and update your PSURP firmware. 

The .hex file is the actual firmware you are flashing and the .ini files are configuration files. 

 

How to flash 

1. Before you begin you will need to make sure that the flashing software is configured correctly. 

Start by clicking on the Configuration tab and ticking the Force use of “piccodes.ini” file tick box. Next click 
on Browse and select “piccodes.ini” from the BBTK PSURP Flash folder. 

 

2. Switch back to the Messages tab and select the COM port the PSURP is plugged into, e.g. COM3 in this 
example. 
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3. Finally click on Browse and choose the version of the firmware you wish to flash into the PSURP. In the 
example above this is, “PSURP_MAIN_V7.24.X.production.hex”. 

Before flashing ensure that Write Flash Program is also ticked. Leave the Baud Rate set at 115200. 

 

4. To actually flash the firmware into the PSURP, unplug the USB lead from the serial port and then re-plug. 
Once plugged in click on Write Device and wait for the firmware to be transferred to the PSURP and for it to 
be restarted. 
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As the firmware is being written to the PSURP you will be informed of progress. DO NOT UNPLUG THE USB 
whilst the update is taking place. 

Once completed the COM port will be closed and you will receive confirmation that the update has 
completed. 

 

To confirm which version of the firmware you are running you can use a serial terminal like Tera Term and 
issue the CONN followed by the FIRM commands to get the internal date/ID of the firmware. 
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Alternatively you can run the PSURP App and check the configuration page. 

 

When you do a firmware update all settings that were previously saved to NVR as power-on defaults are 
retained and will be loaded at next power-on, i.e. when the USB leads are plugged in. 

 


