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Important Usage Notes

The unit contains very high (lethal) voltages and should be opened only by trained personnel. Even if the device is unplugged for a long time, lethal voltages are still present in the unit. Be sure to discharge the capacitor before touching ANYTHING inside the unit. The instructions for this are on the inside of the unit’s top cover.
Turn off the unit when it is not in use and check for dust regularly.
Introduction


This document describes how to setup and use the fMRI-compatible TMS system built at the Beauchamp laboratory.  This system is designed to be used for concurrent TMS and fMRI experiments, and to allow simple computer control through a USB port.  The system features a fast charging switch-mode power supply that can deliver rapid, high-power TMS pulses, control circuitry that allows very simple control by a computer running Presentation software, and industrial contactors that can electrically isolate the stimulation coil and practically eliminate radio-frequency noise that would otherwise be introduced by the coil.
Setting Up the TMS System


The TMS system has both an intake and an output fan on the back panel (Fig. 1).  These fans should not be blocked and require at least three inches of open space behind them to prevent overheating, keep this in mind when positioning the TMS system. 

[image: image16.png]Presentation,

Experiment Edtor Tools License Help

Man | Scenaios Seting | Edor |

L

Response

- MR Mode Trigger

 Use portinput channel  Use response bulton event

igger charnel <] Propeties Butan;

2 (Selectbuton o the esponse’panel)

[-Input Fort
Add

Remove.

|- Dutput Port

For. [UsE-g501 <] Propetes

add Data saurce: =

Renovs

Fot Propetes

Note: pot based response davices are added on the Respanse’ panel.





The unit is positioned on the floor of the scanner room which is a very dusty environment. In order to clean the filter, pop off the black cover (at the left in Figure 1) and remove the foam. Wash it in the sink and lay out to dry, or vacuum it. If the filter is very dirty or damaged, there is a replacement cover and filter located in the lab; or a new one can be ordered from Newark (Newark part number 56P2974). Occasionally, the unit should be opened. If there is a lot of dust inside the unit, this could cause arcing or other malfunctions. To clean off the dust, use compressed air (DustOff) or vacuuming. Be sure to discharge the capacitor before vacuuming or touching ANYTHING inside the unit. The instructions for this are on the inside of the unit’s top cover.
The Front Panel and Indicator Lights

All cables are plugged into the front panel to simplify setup.  The unit communicates to a computer through a USB-B female jack on the front; use a USB-A male to USB-B male (commonly known as a USB printer cable) to connect it to a computer.  Attach the power plug and the TMS coil.  If connected properly, when powered on the “Coil Connected” light should be green (Fig. 2).  If the light is red the TMS system does not detect the coil so check the connection.

[image: image2]

Besides the “Coil Connected” light, there are two other status lights and two warning lights.  The other two status lights are labeled “TMS Armed” and “Contactors Closed”.  These lights will be green when the system is armed and the contactors are closed; when the system is disarmed and the contactors open the lights will be red.  The two warning lights indicate a summary fault, which usually means the system has overheated; or a load fault, which means that an important component has failed or somehow become disconnected.  These lights will be green unless there is a problem, in which case they will flash red.  The front panel also has a three digit segmented display, this display shows the current intensity setting as a percentage.

Connecting or disconnecting the coils creates a burst of RF noise that can affect the status lights and segmented display; as a result the lights and display may become scrambled and display incorrectly during an experiment (Fig. 3), particularly the middle digit of the segmented display and the coil connected status light.  This is nothing to worry about and will not affect operation of the unit.  The lights can be made to return to normal by turning the system off for a second or two and turning it back on.  This noise will never affect the warning lights. 
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Controlling the TMS System


The TMS system communicates to a computer through a USB port on the front face.  USB interface is handled via a National Instruments USB-6501 24 line digital I/O module built into the TMS system; therefore before using the TMS system it is necessary to install the USB-6501 drivers and software which can be found here: http://zone.ni.com/devzone/cda/tut/p/id/6913.

The USB 6501’s 24 I/O lines are divided into three ports: P0, P1, and P2.  The TMS system uses bits 0-6 of port P0 to input the desired intensity.  Since seven bits are used that gives a maximum value of 127%, however the system will treat any number higher than 100 as 100.  Port P1 is used for triggering the system, arming and disarming the system, and closing or opening the contactors.  While bit 1 of port P1 is low the system will be disarmed; setting the bit high will arm the system provided the coil is connected.  The system will not arm if a coil is not detected to prevent arcing to the coil in the event of a improperly connected coil or if a user connects the coil while the system if operating.  Bit 2 of port P1 controls the contactors; while this bit is low the contactors will be open, and setting the bit high will close the contactors.  Unlike the arm signal the contactors can be closed even if the coil is not connected.  Port p2 is not used by the system.  A TMS pulse is triggered by applying a low-to-high TTL pulse of bit 0 of port P1.  Triggering is disabled if the coil is not connected, the system is disarmed, or the contactors are open.
There is a potentiometer inside the unit that can be adjusted to control the number of volts at 100% max output (outlined in green in figure 4). It is currently set to 1690 V, equivalent to the Magstim. There is another potentiometer that controls the pulse width to trigger the thyristor (outlined in red in figure 4); do not adjust this potentiometer as it could cause the system to stop working.
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Using the TMS System during fMRI


Since TMS involves creating very strong magnetic fields it can be tricky delivering TMS pulses while scanning without interfering with the signal.  Obviously delivering a pulse while the fMRI is obtaining an image will create an enormous amount of noise, therefore a clustered acquisition must be used with the pulse being delivered during the intervals between each image acquisition.  Additionally having the coil electrically connected creates noise since the coil acts like an antennae; this is the point of the contactors.  During each image acquisition the contactors should be open; during the quiet interval the contactors can then be closed, the pulse delivered, and the contactors reopened before the next image is acquired.  As a rule of thumb, give the contactors about 100ms to close before delivering the TMS pulse.  Conversely, open the contactors immediately after delivering a pulse.  Since the contactors open and close via an electromagnet, RF noise is created when opening the contactors that can trigger the system.  Immediately opening the contactors after a pulse will prevent a second pulse from being delivered.
Using the TMS System with Presentation Software


The makers of Presentation included support for the USB-6501 module making using Presentation to control the TMS system very simple.  If the drivers have already been loaded, simply connect the computer to the TMS system through the USB port prior to starting Presentation.  Since Presentation only checks for attached devices upon initialization, if the USB cable is connected after Presentation is running, or if it is disconnected at any point, Presentation will no longer recognize the TMS system and Presentation has to be restarted.

Once connected, P0 and P1 can be added as output ports in Settings (fig. 4) and used like any other port in Presentation.
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A presentation library has been written which includes functions to arm/disarm the TMS system, close/open the contactors, set the intensity, and trigger a pulse.  The library can be found here: http://www.openwetware.org/images/9/93/Nafi%27s_TMS_library.pcl.  To use the library, copy the pcl file to the same directory as your scenario, and add the line include “nafi’s_TMS_library.pcl” somewhere after the beginning of pcl code as shown in figure 5 below.  A good example of how to use the library is a scenario designed to allow manual control and can be found here: http://www.openwetware.org/images/9/91/Nafi%27s_TMS_function_test.sce.  The corresponding experiment file can be found here: http://www.openwetware.org/images/5/58/TMS_function_test.exp.
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Every program to control the TMS has to follow the same basic steps: first the intensity has to be set to an appropriate value using the function set_TMS_strength(intensity), ie to set the strength to 75% you would use the instruction set_TMS_strength(75). The MRI coil is somewhat weaker than the regular MagStim coils so the intensity may have to be higher. Next, the contactors should be opened with the function disconnect_coil(). This physically disconnects the coil from the capacitor to prevent delivering a pulse by accident, and to prevent noise during scanning. Then, the system must be armed with function arm_TMS(). Thereafter, every time you wish to deliver a TMS pulse (which should be during the interscan periods in an fMRI experiment) you would first connect the coil by closing contactors with connect_coil().  Wait about 100 ms for the contactors to close, then deliver a pulse using the function trigger_TMS(). Then immediately afterwards disconnect the coil with disconnect_coil().
After the experiment is finished, disconnect the coil and disarm the system using disarm_TMS().  It takes several seconds for the capacitor to discharge through the discharge circuit (bank of resistors) so do not turn off the system right away. After a few seconds, the system can be turned off either through through front panel or by turning off the power bar. It is very important to power down the system when it is not in use because the contactors have a limited life and get very hot during operation.
An example scenario that performs these functions in an experiment with 150 trials and a TR of 2500ms (2000ms on, 500ms off) with a TMS pulse every nth trial (the value of n can be varied in the program) can be found here: http://openwetware.org/images/9/93/TMS_every_n_TR_fMRI_system.sce.  The associated experiment file can be found here: http://openwetware.org/wiki/Image:TMS_every_n_TR_fMRI_system.exp.
Differences between the Magstim System and the fMRI-compatible TMS System

The Magstim system can be operated in a very similar fashion to the fMRI-compatible system. Since the Magstim does not have a USB-6501 I/O module built into it, a USB box is needed as an interface to the Magstim. Figure 6 shows a picture of one of these boxes; the lab currently has two. The USB cable from the PC plugs into one side of the box, and the Magstim system plugs into the other end of the box through a Centronics 36-pin male-to-male cable (old-fashioned parallel printer cable).  The USB boxes are also built around the USB 6501 I/O module and so can be set up in presentation in a similar way.
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Although the differences between the two systems are small, they are significant, so the library for the fMRI compatible system will not work properly for the Magstim system.  Another library has been written for the Magstim and can be found here: http://openwetware.org/images/6/61/USB_TMS_library.pcl.  

(This library includes functions to connect and disconnect the coil; this requires an additional contactor box which is in the lab. The MRI-compatible TMS unit contains the contactors internally so that box is obsolete).

The intensity is set through bits 0-6 of port P0 just like the fMRI-compatible system.  In the Magstim library, the functions to arm/disarm the system are called enable_TMS() and disable_TMS(). The Magstim system arms and disarms differently than the fMRI compatible system; rather than having a single line that determines whether the system is armed or disarmed, the system is armed by delivering a high-to-low pulse on bit 1 of port1 and disarmed by a high-to-low pulse on bit 2 of port1.  Triggering is similar to that of the fMRI-compatible system, but instead of a low-to-high pulse on bit 0 of port1, a high-to-low pulse is used.  Since arming, disarming, and triggering all use high-to-low pulses, also known as inverted pulses, and are all controlled by port1, an inversion mask must be set on port1 when declaring the port in the settings tab (Fig. 7).  Otherwise the ports are declared in the same manner as for the fMRI-compatible system.
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Final Note
If the lab wiki page cannot be accessed for any reason a copy of the files can be found on the server.  Files relating to the fMRI-compatible system can be found at data9/TMS_files/fMRI_compatible_system and the files related to the Magstim system can be found at data9/TMS_files/Magstim_system.
Fig. 1 The back panel has fans that require at least three inches of space to function properly.





Fig. 2 If the coil is connected properly the “Coil Connected” light will turn green.





Fig. 3 During experiments where the contactors are frequently opened and closed the display lights may begin to behave irregularly.  This is nothing to worry about and can be cleared by turning the system off and on.





Fig. 4 The potentiometer circled in green adjusted the maximum voltage.  The potentiometer in red adjusts the width of the pulse used to trigger the thyristors; adjusting this potentiometer could cause the system to stop working.





Fig. 4 Add the USB-6501 ports port0 and port1 as output ports 1 and 2, respectively.





Fig. 5 A scenario can call the library by copying the file to the scenario’s folder and using the include command.





Fig. 6 The Magstim system can be controlled through a USB port using a USB control box.





Fig. 7 Since arming, disarming, and triggering is done with inverted pulses, an inversion mask must be used with port1.








2

[image: image9.png]


[image: image10.png]4 Presentation
Experiment Edtor Tools License Help

Man | Scenaios Seting | Edor |

Gensral |- IMRI Mode Trigger
 Use potinput channel & Use response button event

g Fioperiss Buttor; [Keyboard 5
o (Select butan on the Respanse’ panel)
Test

Response

[-Input Fort

= |

|- Dutput Port

For. [UsE-g501 <] Propetes

add Data souce: [pori 5

Test
Registerspari [T v| [~ Independent Lines [~ Delay Codes =]
nversion mask: [T Defoul puse widh s} [5

Fot Propetes




[image: image11.png]


[image: image12.png]


[image: image13.png]il Intensity
Coil Connected ‘
VS Armed @ -

Contactors Closed @

Summary (Temperature) Fault @

On/Off

- .o
Load Fault @ :




[image: image14.png]


[image: image15.png]26
27
28
25
a0
a1
3z
33
3a
s

} get_resppnse;

begin_pel;
include "nafi's THS library.pel”

string arm_string = "Not krmed”;
string con_string = "Not Connected”:

loop int level = 0 until O == 1 begin



