





Fig. 13-6
Image of the registration grid on the camera views. A good
grid will have mostly green dots and some yellow ones.
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Fig. 13-7

3D display of the registration grid on the skull. A good
registration will have the spheres sitting on the surface of
the skull. The green colour indicates high confidence in the
Llocation of the grid point.

Vet Robot Camera A & Landma...

The location of the spheres is determined by the
location of the points from the camera images and
using the calculated registration matrix, mapped to
the 3D view. The colour of the sphere represents the
distance from that sphere to the closest location on
the skull (so you have both the position of the sphere
on the skull and the color to help you assess the
quality of the fit). If both the 3D locations and colour
indicate a higher than acceptable discrepancy, then
the registration procedure should be repeated.

If the registration is deemed acceptable, then click
Next Step.

Alternate registration

If imaging scans (MRI and/or CT) are not of sufficient

quality to extract the bone for 3D registration, it is
possible to perform a manual registration. This technique
can also be used when an animal has little real estate left
of the skull.

1.

A scan is still needed (either MRI or CT), which can
identify certain specific points, divots or edges. These
“landmarks” also need to be visible to both of the
stereo cameras.

Add the “landmarks"” in the Landmark section of the
Brainsight software. It is best to include at least 3 or
more landmarks.

In Sessions, click on each landmark and press Add...

Chapter 13 > Performing the Robot Surgery
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Fig. 13-8
Tool manipulation controls: the Target represents the
desired final location of the tool. When a target is selected
and the Align to Target button is pressed, the robot will
move to align itself to the trajectory, but will place the tip of
the tool above the origin of the trajectory with the distance
away from that origin set by the Retract distance (the hover
distance). Clicking inject/retract will move the tool along
the trajectory by a distance set by the Displacement value.
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Distance

Buttons

Markers/Targets

Drilling the entry hole

Now that the registration is complete, the actual surgery
can take place. Remove the laser pointer from the
removable tool assembly and place the drill ontoit. It is
assumed that the drill has been calibrated (see Chapter
4" Calibrating Robot Tools"). Before proceeding, familiar-
ize yourself with the robot tool controls (see Fig. 13-8).

Note that the main concept of how the robot is manipu-
lated is by using trajectories. We first align the robot tool
to a given trajectory with the tip a safe distance from the
expected final location, then we use the inject/retract

Trajectory (on skull)

buttons to move the tool in small increments towards/
away from that origin along that trajectory. We use the
term inject and retract (but inject really means advance
in @ more general way). To drill the hole, we will have the
robot move the drill to the trajectory (and hover a safe
distance above), then "inject” the drill to the skull surface,
then continue the inject while it drills into the skull.

1. Select the drill tool from the tool List.

2. Click Check Reachability. Brainsight will check
to make sure that all targets on a trajectory are
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Fig. 13-9
Below: Screenshot of the drill at the skull surface. Right:
Picture of the drill at the skull.
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reachable based on the selected tool that has been
calibrated. Note that target reachability now checks
not only if the target is reachable but it also allows
you to check many millimeters below your target.
A new textfield in the Perform window allows you
to set this value (at depth). Note that with the drill
bit you do not want to go any further than the inner
table of the skull/dura.

Select the trajectory target that is associated with
the location of the hole to be drilled from the target
list. It is assumed for this example, that the origin of
the trajectory was set to the skull surface.

Enter a number in the Retract text field. A value of
10-15mm is reasonable.

Click Align To Target. Note the robot will move the
drill to align it to the trajectory on the bone but have
the tip of the drill above the skull.

Set the Displacement distance to 1mm (in the
Displacement text box).

Click the Inject button and note the robot move
1mm towards the skull. Continue to click the Inject
button (keep count) 9 more times to move the drill
to the skull surface. Note that as you get closer to
the skull, pay special attention to make sure you do
not actually contact the skull. If there was a registra-
tion error (where the system "thinks" the skull is
further away than expected, the drill may reach the
skull before you expect it to. Conversely, you may find

Brainsight U UstR MANUALv25

that after moving the 10mm, there is still a gap.

8. Change the Displacement distance to a smaller
value, say 0.1mm (100 micrometers).

9.  When the drill is at the skull surface (but not in
contact), turn on the drill.

10. Click Inject to move the drill into the skull and begin
drilling the hole. Use the images on the screen to
estimate the thickness of the skull and click Inject
to move the drill as many steps as needed. While
drilling, you may choose to apply irrigation to cool
the drill, skull and tissue under the skull according
to your standard surgical protocol. If needed, retract
the drill to examine the condition of the hole to
observe when the drill has pierced through the skull.

11. Once the hole is complete, click Retract repeatedly
(you can change the displacement distance back to
10mm to move more quickly) until the drill is a safe
distance from the hole, then click Init & Move Home
to bring the robot to the home position.

12. Remove the drill from the robot removable tool
assembly.

Perform the injection

The injection procedure (e.g. electrode implantation, etc.)
is very similar to the drilling procedure. We assume that
you have defined a target where the origin is the final
location of the injection site within the brain with a trajec-
tory that goes through the hole in the skull. The essential
operation is to place the needle holder on the robot,

select a safe hover distance (Retract text field), align the
tool to the target trajectory, then use the Inject button to
move the needle into the brain for the injection.

1
2.

Select the injection tool from the tool List.

Select the trajectory target that is associated with
the location of the injection target to be reached
from the target list. It is assumed for this example,
that the origin of the trajectory was set to the
injection site.

Enter a number in the Retract text field. A value of
10mm PLUS the depth of the target to the skull
surface is reasonable.

Click Align To Target. Note the robot will move the
needle to align it to the trajectory but have the tip of
the needle 10mm above the skull.

Set the Displacement distance to 1mm (type 10 in
the Displacement text box).

Continue to click the Inject button (keep count) 10
more times to move the needle to the skull surface.
Note that as you get closer to the skull, pay special
attention to make sure you do not actually contact
the skull. If there was a registration error, you may
note that the needle is not aligned with the hole.
This may occur for a number of reasons:

* The head may have moved in the stereootax. If
this is the case, you will need to replace the head
in the stereotax and restart the surgery from the
point of registering the head to the images, then



verify that the hole drilled was at the correct
location to determine if the injection can proceed,
or if a new hole needs to be drilled.

e The tool calibration for the needle, electrode, etc.
was not correct. Repeat the tool calibration for the
needle to see if this corrects the issue.

* The tool calibration for the drill was not correct.
Repeat the tool calibration for the drill and see
if the drill still aligns to the original hole (by
repeating the steps in "Drilling the entry hole").
You may need to drill a new hole if the original
one was misplaced, or if possible, generate a new
injection target trajectory that accommodates the
misplaced hole.

7. Ifthe injection needle is aligned with the drill
hole as expected, then continue with the injection
process. Before allowing the needle to come into
contact with the brain, reduce the displacement
distance to a smaller number (say 0.1mm).

8.  Click Inject to move the needle into the brain. Use
the images on the screen to monitor the progress.
Note that the distance to the injection site is
displayed on the bottom left of the screen. Continue
clicking Inject until you reach your target, then
proceed with your injection (or whatever your experi-
ment is once you have reached your target).

9. Once the injection is complete, click Retract repeat-
edly (you can change the displacement distance

9% Brain
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10.

11.

Fig. 13-10
Selecting desired speed and distance on the controller
module.
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back to 10mm to move more quickly once you are
out of the brain ) until the drill is a safe distance
from the hole, then click Init & Move Home to bring
the robot to the home position.
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Remove the needle from the robot removable tool 1.
assembly. 5
Complete the surgery according to your surgical

protocol. 3
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me cases, an electrode or other device may need

to be inserted into the brain at a constant speed (e.g.,
10um/s over 2mm).

Click Align To Target and Go To Target.

Click on Inject until the electrode or device is hover-
ing above the brain.

On the touch screen of the controller module, select
the desired speed and distance (see Fig. 13-10).

Click on Start.



PRESURGICAL PREPARATION CHECKLIST

The purpose of this section is to provide general guide-
lines for items to verify and prepare prior to surgery. It
serves as a checklist to help ensure that all necessary
equipment, system settings, and safety measures are
reviewed in advance.

While not a strict protocol, this guideline is meant to
support surgical teams in avoiding unexpected issues
and ensuring everything is ready for a smooth and safe
procedure.

Robot
e Ensure the stand on which the robot sits is properly
secured to the base from underneath using the 4
mounting screws. Once the stand is firmly attached,
ensure the robot is securely mounted on top of the
stand using another set of 4 mounting screws. Use 5
mm Hex Key to tighten all screws.

e Ensure the tracker is properly attached to the robot
flange using 4 mounting screws. Refer to Fig. 3-15.
Use 2.5 mm Hex Key.

e Ensure the 3 mounting screws on the fixed universal
joint are securely fastened. Refer to Fig. 3-14. Use 3
mm Hex Key.

Cameras and stereotax
e Ensure the camera arms are securely mounted and
stable on the base; no movement. Use 5 mm Hex
Key to tighten the screws.

e Ensure the two small black thumb screws on the
camera lenses are present and securely tightened.

e Ensure all screws on the stereotax are stable and
tighten any that are loose.

Controller
* Ensure you are using the latest version of Brainsight
and the VetRobot firmware.

 Verify that all cables are properly connected to the
controller and Mac — especially the Ethernet cables.

* Ensure the emergency stop button is not pressed.

* Press the Standby Power button on the controller.
The green light on the button should light up, and
the touchscreen should display the user interface.

e Press the Reset button. You should hear a click
coming from the robot power supply.

 Confirm that the robot power light is blinking red
and the Home Robot light is solid green (on the base
of the Robot arm).

Brainsight functionality and camera focus
* Open Brainsight on the Mac computer. Click on
“Window", then "Vet Robot Configuration”, connect
and reset Vet robot. Both cameras should display
images.

e Install the printed skull of the animal onto the
stereotaxic apparatus. Note: Ensure the skull is
completely stable. If there is any movement, readjust

the ear bars and eye bar until the skull is secure.

» Place the Focus Jig on the center of the skull and
adjust the angle of the cameras to have the skull in
the center of the image for both Camera A and B.
Adjust the “Gain" setting on both cameras to achieve
optimal contrast with the shapes on the Focus Jig.
Note: If the room lighting is very bright, you may
also need to reduce the "Exposure” setting.

e On the camera, adjust the focus by zooming in and
out until you find the sweet spot.

e The image should be really sharp and the phantom
should use at least 50% of the image size. There
should be no dead pixels.

e Once the field of view is properly adjusted, do not
touch or move the cameras after this point.

Tool calibration
These steps are valid prior and during surgery.

e |f performing surgical preparations using a skull,
remove the stereotax from the base before perform-
ing a tool calibration.

e [fthe animal is already in place (during
surgery), ensure that during tool calibration, the
background is completely plain — avoid using
drapes or cloths with visible patterns, textures,
or mesh-Llike fibers (such as surgical gauze)
Note: Use a smooth, non-patterned sterile drape
over the animal's skull to minimize visual interfer-
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ence during calibration.

For each camera, individual observation values should
stay below 150 um—otherwise, the overall average
will turn yellow (mediocre quality). The same rule
applies to the average itself: if it exceeds 45 pm, the
result will also be yellow. An easy fix is to remove the
highest observation(s) and take new measurements to

replace them.

The needle should follow the trajectory assigned
during simulation. Some testing is necessary prior
to simulation such as retracting-injecting-rotating
the tool multiple times to observe the behavior of
the needle, both the physical one and the virtual one
Note: If the green line is following the position of
the tool, the calibration was successful.

Subject registration

These steps are valid prior and during surgery.

Ensure the mounting screw for the laser is securely
fastened to the tooling base. Use a 3 mm Hex Key.

Attach the Laser Tool to the robot. It should be firmly
fixed with no movement.

Connect the Laser Tool to the controller and turn the
laser on. The laser should have good luminosity.

Do not forget to adjust the "Gain" for each camera so
as to see nothing but the shape of the skull and the
laser light.

Adjust the aperture on the laser to get a small
round dot. Make sure the color is red and that it is

96 Brainsight e uscr MANUALv2S

not too defused.

Do not forget to click on "Capture Background
Images" after painting the skull surface and before
placing landmarks.

The largest “Distance (mm)" value should ideally

be below 0.3 mm. If any values exceed this, remove
them and recompute the registration. Next, sort the
Distance values from lowest to highest by clicking
on the “Distance"” column in the table. Locate the
median (middle) value and ensure it is close to 0.1

mm. To further confirm that the registration was
done correctly, look at the surface of the skull,
especially at the front, back, and sides. If the dots
are positioned along those surfaces and appear half
inside and half outside, the alignment is likely good.



Chapter 14: Reviewing Study Data

After one or more sessions, it is often useful to The main purposes for review are:

review the data acquired. Brainsight 2 has several « To verify that the targets to be reached were indeed
tools to help review the results of the session as reached (compare targets to samples).

well as export these to external files so you can « To sort through the data and export relevant
perform more detailed analysis. information for detailed analysis.

 To pick recorded locations and convert them to
targets for subsequent sessions.

 To review recording locations after recording
sessions, or to pool multiple sessions into one review
screen for comparison.

» To configure the display window and take screen-
shots for publication.

Review is initiated from the Session manager pane by
clicking Review, which will open a new display window
(see Fig. 14-1). Select one or more sessions from the List
on the left by clicking, or option-clicking on the sessions.

DISPLAYING THE DATA

The window shows a list of targets and samples and a
2x2 image display layout. You can of course change it

(for example, a 1x3 layout, as shown in Fig. 14-1). The
samples list represents a union of the samples from the
selected sessions. You can manipulate content of the

list display by clicking Configure..., and enabling and/or
disabling the available fields. You can display the samples
in the image views for comparison by clicking the visible
checkboxes in the lists. You can also change the display
layout (as in any display window) to your preference by

Chapter 14 > Reviewing Study Data



Fig. 14-1
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clicking in the list headings to change the display order.

The review display window uses a similar layout as the
perform window with a few changes.

e A new list, the session list, can be seen next to the
samples list. You can show or hide all the samples
from a particular session as a group in the image
views by enabling the show checkbox. You can show
one or multiple sessions by clicking on their respec-
tive show boxes.

e The samples list displays all the samples from a
session selected from the sessions list. Selecting
multiple sessions in the sessions List will add all
the samples from each highlighted session into the
samples list. This is distinct from showing or hiding
a sample in the image views. The samples list is to
allow you to selectively view the attributes of one
or more samples. Selecting another session in the
sessions list will affect what is shown in the samples
List, but not what is being displayed on the images.
Clicking Configure Columns... opens a window where
you can enable or disable the display of any attribute
in the samples list to simplify sorting on any one of
them.

e The target List will have all the targets created in
this project. You can display any of the targets in
the image views by enabling their respective show
checkbox.

EXAMINING THE DATA AND CHANGING ATTRIBUTES

Samples can be made visible or hidden using the show
checkbox. To show or hide all of the samples quickly,
select any sample, press &-a to select the entire list (or
shift-click or #-click to select a group from the list),
then cntrl-click or right-click on the list and select Show
Selected Samples or Hide Selected Samples from the
popup button.

When a sample is selected (and visible on any of the
image views), the sample will be highlighted by a red
bounding box. When multiple samples are selected, each
one is highlighted.

Selecting a sample in the samples List will display its
attributes under the samples list. Many of these attributes
were acquired when the sample was recorded, such as the
current target at the time and the EMG waveform (if you
were recording EMG). Many attributes are user selectable,
such as the colour and shape of the sample. These can

be changed at any time. Selecting multiple samples will
display the common attributes. Changing any of these
will be applied to all the selected samples.

The samples list represents a union of the samples from
the selected sessions. You can manipulate content of the
list display by clicking Configure..., and enabling and/or
disabling the available fields. You can display the samples
in the image views for comparison by clicking the show
checkboxes in the lists. You can also change the display
layout (as in any display window) to your preference by

clicking in the list headings to change the display order.

As was possible during the TMS session, you have access
to the inspector tool to customize the image view, change
the display attributes of the 3D surfaces as well as use
the motor maps feature.

CONVERTING A SAMPLE TO A TARGET

It is common for a target to be derived from the results
of a previous session. You can easily convert (copy) a
recorded sample into a target by dragging the sample
from the sample list into the target list. The Convert to
Target... button present while performing the session
performs the same function as dragging and dropping
them.

It is common for the recorded sample locations to have
a scalp or skull surface point as its origin while it is often
preferable to have the target's origin set somewhere in
the cortex. After creating the target as described above,
use the target positioning tool and nudge tool to nudge
the target into the cortex.

EXPORTING THE DATA

You can also export the targets or acquired sample

data to a text file for more detailed analysis. Select the
samples you wish to export from the list, then click
Export... to open the export dialog box (see Fig. 14-2).
Select the fields from among the data acquired to export.
You can also select the coordinate system in which to use
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for all coordinates. If you performed an atlas registra-
tion, then you can use atlas coordinates in addition to
the Brainsight and World coordinates. You can save the
anatomical landmarks used for registration (which can
be useful to co-register the data to another software
package), the targets and of course the samples gathered
during the session. Enter a file name (and navigate to the
desired folder), and then click Save.

Exported Data Format

If the selected coordinate system was set to Brainsight
coordinates, then the coordinates will be dependant on
the anatomical data set (see Fig. 14-3). All trajectories
contain 3 vectors, representing the orientation of the 3
axes of the recorded tool in the Brainsight coordinate
frame. Take note that the z axis of a tool pointing towards
the head will be pointing in the opposite direction.

Attribute description

All data are written as strings. It it is described as an
integer, it is implied that this is the format of the string.
Note that some attributes were added with newer
versions of Brainsight. If you are exporting a session that
was acquired with an older version, the newer attributes
may not be included since they were not recorded at that
time.

* Sample name [string.]: the name of the sample.

* Index [integer]: The index of the sample assigned in
the order of the creation of the samples. If samples
were deleted after they were created, the indexes are
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Fig. 14-2

Data export box.

The selected attributes of each sample will be
exported as a text file. The format is a straightforward

tab-delimited text file.
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Fig. 14-3

Brainsight's internal coordinate system.

not reused.

Assoc. Target [string]: the name of the target that
was current at the time of the sample.

Crosshairs driver [string]: Name of the tool that
was being tracked when the sample was generated.
Possible values are Mouse, Pointer or the name of
the tracked tool given when it was calibrated.

Lox X (Loc Y & Loc Z) [float]. X, Y and Z values of the
location of the tracked tool at the time the sample
was taken.

mOn0 mOn1 moOn2 [float]: The orientation (direction
cosine) of the x axis of the tracked tool in the host
coordinate space. See for a description of the tracked
tool coordinate system and how to use the location
and direction cosines to assemble the tool to image
transform. This transform can be used to convert
points relative to the tool to points in the image
space (e.g. projections along the tool's z axis into the
head).

m1n0 mlnl m1n2: [float]: The orientation of the y
axis of the tracked tool in the host coordinate space.

m2n0 m2nl1 m2n2; [float]: The orientation of the z
axis of the tracked tool in the host coordinate space.

Dist. to target [float]: The straight line distance from
the coil reference point to the target.

Target Error [float]: The shortest distance from the
line projecting into the head along the tool's path.

* Angular Error [float]: The tilt error of the tool with
respect to the initial path to target.

e Date [string]: The date the sample was acquired in
YYYY-MM-DD format.

e Time [string]: The time (according to the system
clock) in HH:MM:SS. XXX were HH is the hour, MM
is the minute, SS is the second and XXX is the
millisecond.

You can perform the export more than once and switch
coordinate systems between exports to export the data in
multiple coordinate systems.
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Fig. 14-4

ILlustration of the relationship between the tool position
and orientation described by the Lloc and direction cosine
values. They can be assembled into a matrix to convert
coordinates relative to the tool into Brainsight, world or
atlas coordinate spaces. For example, to find the Brainsight
coordinate of a point 15mm under the tool, multiply the
transform matrix by the vector [0, 0, 15, 1].

excerpt from export

«.Loc. X Loc.Y Loc.Z mOnO mOn1 mOn2 m1n0 min1i m1n2 m2n0 m2n1 m2n2...

_mOnO min0 m2n0 Loc x_ I ) G ) X,
mOn1T min1T m2n1 Locy Y. Y.,
mOn2 min2 m2n2 Locz ’ Z . B zZ

0 0 0 1 1 1
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OPTIONAL TROLLEYS FOR THE VET ROBOT SYSTEM

Contact info@rogue-research.com for more details.

Trolley
Trolley for Customizable height
for stereotaxic apparatus
controller box

Drop down shelf

Fig. 14-5

Optional trolleys for the Vet Robot system.
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Fig. 14-6

Optional awake macaque robotic set up for electrode or
focused ultrasound preparations.

Contact info@rogue-research.com for more details.






Brainsight
| Vet

‘ Rogue Research Inc.
. 300-6666 Rue. St. Urbain,
Montreal, QC H2S 3H1
‘ Phone: (514) 284-3888
Toll Free (North America):
. 1-866-984-3888

. Fax: (514) 284-6750
Qogue Research Inc. http://www.rogue-research.com


http://www.rogue-research.com

