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P A R T  1

Software User Manual

Installing updates. Copy the update file to the root directory (not in a folder) of a USB drive that is formatted to
FAT32 (most common). Rename the file to be only update.tgz . Plug into the TDesk and press Cancel when a
pop-up window appears. Go to File / Install Update and once you have confirmed and the software copied, follow
the on-screen instruction to reboot the computer (not simply restart the software). Go to Help / About and check
that the desired version is listed for your serial number.

1 BEFORE YOU GET STARTED

We will assume that power has been run to the crane and the desk, and that the camera has been mounted and
4-way balanced (head horizontal and vertical, arm static and dynamic weights). Before attempting to start the
crane, be sure that the cables from the desk are plugged into the crane base, either directly or through the
track’s cable-chain. Most importantly, the 4-pin XLR that connects the desk’s E-Stop to the crane must be
connected so that the brakes do not “fire” or engage, thus preventing the crane from starting. Equally important
is connecting the Rocker to the base for the same reason. Please check all four E-Stops before attempting to
start the crane: one at the end of the arm, another at the fulcrum, one on the Rocker and one at the desk. Twist
to release the E-Stops.

Be sure to plug all cables into the appropriate connections on the back of the desk. Also, if you plan to use the
remote focus/zoom handle, plug it in.

While it is not necessary to have the desk computer on to turn on the crane, it is recommended. Start with the
UPS, then turn on the desk by the large red button on the back. Turn on the monitors. A normal boot-up will take
you to the log-in screen. Use the “technodolly” username and type in the password, technodolly. After a few
seconds the main TDesk software window should appear. In the bottom left corner of the screen the status
indicator should say “OK”. If not, check section 18 (Troubleshooting — before you call).

Turn on the three main power toggle switches at the column, starting at the top and working down. Sometimes
we refer to these three toggle switches as “circuit breakers” as they also serve this function. Then press the large
red button above the #1 Main switch (Power button). The smaller round red buttons at the top and bottom are for
releasing the emergency brakes. If all goes well the head should level and the crane responds to commands from
the Rocker. The pan and tilt axes should now be engaged.

If prompted, please follow the instructions to test the brakes. With the crane on, hit one of the E-Stops. You
should hear the brakes engaging with a short “whir” sound (referred to from here on as “firing”). Release the E-
Stop and clear the brakes using the small round red buttons on the column described earlier. If the brakes do not
fire, please inform Technocrane immediately. If the brakes fire but do not release when the buttons are pressed,
then you can manually open the brakes using the 13 mm wrench (please see the hardware user’s manual).

Test the head by moving either the joystick or wheels; pan and tilt should move appropriately. Also test focus,
zoom and iris controls if installed. You should see a live camera image on the right-side monitor. The two
monitors mounted to the crane column should have live camera and a mirror of the desk software GUI. Please
refer to the wiring diagrams if necessary.
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Fig. 1  The TDesk main window with the most important controls labelled.

2 SETTING AXIS CONTROLS

As is often the case, the AC will ask if the focus can be reversed, or the DP/operator will ask for the wheels to be
faster or slower, or more fluid. Before recording or key framing a move, set up the controls to suit the crew’s
needs.

RMB = right mouse button–

LMB = left mouse button, or “click on”–
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Near the top of the screen are four yellow boxes: CRANE, HEAD, LENS and CAMERA. Use the RMB to access the
control panels associated with each group of axes. The LMB turns these axes on and off during playback; for
example, if the AC will do focus “live” on a recorded pass, simply LMB the LENS box to turn off all the lens axes. If
you need to keep zoom but not focus, RMB to access the control panel and use the Include checkbox.

Fig. 2  The main screen with the HEAD control panel open (RMB on the HEAD box).

RMB the HEAD box and you will see speed and dampening controls for pan, tilt and roll. These are exactly like any
other remote head controls. There are also Reverse and Include checkboxes.

There are also the Override controls. Keeping Override will allow the operator to add to the existing move in real
time. Any turn of the wheels will be added to the tilt or pan motion throughout the move unless the wheels are
returned to their starting position. You can record the changes in a repeat pass by enabling Settings / Record
Settings / Record Override. At the end of a successful override recording a window will come up asking if you
want to save or discard the changes. Be careful not to record over previous takes by reloading the original
approved move.

Limits can also be set. By moving the pan or tilt to the desired position and hitting the appropriate Limit box you
can make sure the operator does not tilt a probe into the table or knock it off with the pan motor. Limits are also
an excellent means of helping an operator whip-pan and end up perfectly composed on a pre-set hero frame.
Once a limit has been set the button switches from “Set Pan Plus Limit” to “Clear Pan Plus Limit”. Please clear all
limits at the end of a setup or shoot. Axes that are outside their limits when the system boots up can cause the
brakes to fire (see section 18 (Troubleshooting — before you call)).

RMB the CRANE box to see the controls for the arm and track axes. There is also the ability to control the move
speed when using the desk path rocker. The boom pan (BP) and boom tilt (BT) have controllable friction. The
friction is electronic dampening of the direct-drive motors that run the axes when operated manually. The
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default values place some friction on those axes, but the sliders allow you to set it all the way to zero percent.
When using Record mode, for example, the grip may not like the friction on the BP and BT, so you can set it to
zero so it feels more like a standard Technocrane. The default values are beneficial when using key frames to
build a move, as the arm is more likely to stay in place when setting a position, even when properly balanced.

Fig. 3  Crane Settings: speed, friction and the total camera package weight.

The “Total Camera Package Weight [kg]” value is important for accurate data export and import because it is
used in a look-up table to calculate the arm deflection and the levelling head’s position. It can also be used to
adjust the level of the head, if needed.

You can adjust the joystick sensitivity on the Rocker with the rotary knob at the end of the Rocker if you select it
here.

The CAMERA box should be dark for most circumstances (not yellow) and RMB will allow control over video
standards and camera start/stop needs. Most cameras, like the Alexa, use momentary switches.

Take time to familiarize yourself with all of these controls. The crew counts on you to know the machine
thoroughly.

3 PRINCIPLES AND APPROACHES

What separates the TechnoDolly from traditional Technocranes is the ability to motorize every axis. While the
TechnoDolly works like a regular crane, it is also capable of remembering moves and key framing moves. The
simplest method is to record a move by pushing it and having the software remember or record the motion. This
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is appropriate when actors are doing long-take performances and the camera needs to “follow along”. Once the
move has been recorded it can be played back with shutter-accurate repeatability. An example would be an actor
playing multiple roles in a scene, or cloning an actor.

Key framing moves allows the crane to accomplish very complex moves with perfect framing and timing. Car
commercials, for example, can benefit from graceful and elegant camera moves that are perfectly composed
throughout the entire move. Repeating that move opens up many creative possibilities as well. This manual will
explore not only the basics of key framing, but also some advanced methods for achieving the visions of DPs and
directors.

3.1 Practical operation principles

The TechnoDolly is designed for safety first and foremost. When in doubt, stop!

The TechnoDolly is designed to be a two-person operation: the operator at the desk, who configures the
software and saves moves, and the crane tech, who pushes the crane and works the Rocker. The operator
cannot move the crane from the desk without the crane tech holding the “dead-man” switch halfway down (see
Fig. 4). If he releases or fully presses the soft yellow dead-man switch, the crane will come to a gentle, controlled
stop. This system ensures that the crane tech pays attention to all parts of the TechnoDolly to make sure nothing
or no one gets in its way. The operator can have control of the crane at the desk, so long as the crane tech has
the dead-man switch properly engaged. The same method is also required to start a move from the bloop plate
and run the crane repeatably.

Fig. 4  The Rocker: emergency stop, play button and indicator light, arm and track control,
dead-man switch and path speed rocker.

Safety. It is not recommended to have the operator control the Rocker from the desk, as his/her attention is
divided and safety is compromised.
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4 RECORDING LIVE MOVES FOR DATA CAPTURE OR REPEAT PLAYBACK

We start with this method because it is the simplest way to repeat a move, as well as an effective way to capture
the camera’s position data. Everything is recorded, from track to focus, exactly as it happens. A few rules to
follow:

On the lower left corner of the GUI are three buttons: Sample, Play and Record. With the rig still, click on the
Record button. It will start blinking and the bloop plate will flash its green LEDs. You are now recording
everything the crane does. You can dolly along the track, extend and swing/tilt the arm, pan and tilt and follow
with focus and zoom — it records it all. After the director or AD calls “Cut”, click on the blinking Record button and
the recording is over. On the screen will appear two black frames indicating a successful record. Future versions
will display an image when the Record button is pressed at start and end. Please save the moves without delay.
We strongly recommend coordinating with the script supervisor or camera department to make sure your move
name coincides with the proper scene and take number. You will likely do multiple takes before repeating one of
them.

You can immediately go into Play by pressing the Play button on the desk or in the software and run the move
backwards to the start. Remember that the rig is so quiet that the crew will need a warning that it is moving. You
can also do a “Go To” by clicking on the first of the two black frames in the GUI window; this will “bee-line” the rig
to the first position. Obviously, be aware of obstacles, persons and other safety concerns. The lights at each end
of the arm, as well as the Play buttons on the Rocker and desk, will blink rapidly to indicate Go To mode. The
speed of the Go To bee-line is controlled by the path rocker. It is possible to cancel a Go To at any time by
pressing the Play button on the Rocker or desk. Once cancelled, the crane can be manually pushed to a desired
position and the Go To resumed from anywhere. When the crane has reached the desired position (in this case,
move start) the system will automatically go into Play mode; the lights will stop blinking and the timeline will
appear at the top of the GUI.

The system can stay in Play mode indefinitely until the crew is ready to shoot subsequent passes. When ready,
the crane tech will hold down the dead-man switch halfway and the button on the back of the bloop plate will
initiate the playback of the recorded move. The playback can be stopped at any time by releasing or further
depressing the dead-man switch. This allows the crane tech to run backwards through the move to the start. The
bloop plate will only start a move from the first frame of the move — or backwards, from the last frame.

It is possible to slow down the speed of the recorded move, or even to shoot passes in stop motion. Speeding up
a recorded move is possible, but dependent upon the crane’s acceleration and velocity limits.

Always make sure the rig and all of the axes are at a standstill when you start and end a recording.–

Do not exceed the limits of the crane’s motors, or it cannot be played back in real time.–

Have the bloop plate in front of the lens for the first, or hero, pass. Use the bloop for all repeat passes.–

Save the move immediately.–

Press Play before moving the crane from the end position. If the timeline comes up, the move can be repeated
in real time. If the Over Speed warning comes up, you will need to try again!

–
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5 KEY FRAMING MOVES

The second method of creating moves is moving the crane to a desired position and sampling key frames. There
is practically no limit to the number of key frames you can take in a move. You can start at either the beginning,
middle or end of a desired path when taking key frames. Each time you sample a key frame, an image from the
camera appears to represent it. This helps tremendously in keeping track of which key frame is which. Key
frames are called Samples on the TechnoDolly.

Let’s start with a blank Move screen. You can click on the up arrow next to the Move indicator near the upper left
of the GUI. Move the dolly base, arm, pan, tilt, focus and zoom to the desired framing. Once approved, there are
three ways to sample a key frame: from the desk via the large yellow button, from the GUI along the bottom of
the screen, or from the Rocker by simultaneously pressing the dead-man switch and the Play button. (To use the
Rocker key frame feature, you must first enable it in the software under Settings / Program Settings / Program
Behavior.) Refer to Fig. 4.

A picture will appear in the Move window matching the current live image from the camera. Now, let’s say the
director changes his mind after approving the framing. Re-frame and go up to Actions / Replace. The picture will
update to reflect the new position. It is possible to add, delete, replace or modify Samples at any time in the
move editing process. Now move the crane to the next desired position. Resist the urge to over-sample the
move. It is often a good idea to put in the first and last key frames first, then add the in-betweens as needed
(successive refinement). At every position, simply Sample the position; a new image will appear in the Move
window for every key frame. Once you have at least two Samples taken, you have a move. If you haven’t moved
from your most recently sampled position, you can likely go directly into Play mode by pressing Play on the desk,
in the GUI or on the Rocker. Save moves diligently! If the software is closed or crashes, you will have lost all work
that is not saved to either the SSD or an external USB drive. See section 6 (Saving and exporting moves) for
details on saving methods.

The Play buttons will illuminate solid yellow when the system is in Play. The safety lights on each end of the
crane, as well as the Play button on the Rocker, will also be illuminated yellow. Use the path T/W rocker to run the
crane through the move you just sampled. The system is designed to maximize the accelerations and velocity by
default. In other words, the TechnoDolly will go as fast as it is able based on the key frames sampled. The good
news is it takes the guesswork out of the age-old question, “How fast can it go?” Directors often know how long
they want the shot to last, so the next step, even before fine-tuning the move, is to set the timings to the desired
lengths.

On any blank or black area of the Move screen, RMB to bring up the Move Settings editor screen, or go to Settings
/ Move Settings. This is where you tell the system how fast or slow to move. You can globally adjust time by
changing the values between the first move Sample and the last. It is also possible to manipulate the time
between any two key frames in the move. If you exceed the crane’s limits the Move Settings editor will warn you.
This is also where you can run the move at different frame rates. See section 7 (Move Settings editor) for a
detailed explanation of the Move Settings editor’s functions.

In most cases, even the simplest moves will need to be fine-tuned, and at the very least focus points will need to
be added. The method is the same. While in Play mode, go through the move to see where you may need to make
a framing or focus adjustment. Find the position where the correction is needed most, e.g. where the subject is
most mis-framed. Stay in Play mode and LMB the appropriate yellow axis box to disengage it — in this case HEAD
and LENS. Alternatively, you may enable Override; then you can change the head and lens values at any time. You
now have control of pan, tilt, focus and zoom. Make whatever adjustments are necessary and hit the Sample
button; a new Sample image will appear and a new marker will appear under the timeline cursor. Since the
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system is still in Play mode, you can instantly preview the changes. Continue along the move path and make the
fewest number of corrections necessary. This is where the art of it comes in, so practice and learn the
relationships between acceleration and position.

5.1 Override and Record Override

The Override (OVR) function allows control of axes even when they are playing back sampled moves. It adds to
the already programmed motions of pan, tilt, roll, focus and zoom. Crane, track and telescope do not have
override capabilities. It is very different from simply disengaging an axis or axis group. For example, disengaging
the HEAD axis group will require the operator to back-pan and tilt throughout the move, as though no Samples
were taken for them. With the axis enabled and OVR turned on, the move will follow the programmed path unless
the operator adds to the move as it is being played back. If the operator does not touch the pan and tilt controls
(or the focus puller his/hers) the move will go exactly as programmed. If the operator wants to make an
adjustment during the performance he/she can make live adjustments on top of the programmed path. Think of
it as back-pan compensation on steroids. Once you have a move sampled and fine-tuned, you can turn on Record
Override and follow the steps below.

To play back the hero take for repeating, uncheck Override on all axes and turn off Record Override in Settings /
Record Settings. Treat the move as you would any other repeat move, by using the bloop, etc.

5.2 Dwells

RMB any sampled image in your move and you can add a dwell time. A dwell is a specific period of time where the
crane will not move. The most common application is on the first key frame, to give time for the bloop to be
removed before the shot starts. Conversely, a dwell can be added to the last key frame to give time to get the
bloop in for a tail slate. Notice that the first and last Sample are always dwell frames. This is to bring the move to
zero velocity, or a smooth stop. A dwell can be applied to any frame and the value can be zero. However, and
most importantly, making any middle key frame into a dwell changes the path to accommodate bringing the
crane path to a stop. So, for example, if you have fine-tuned a move with corrective Samples, those corrections
will be incorrect after applying the dwell. A dwell equivalent in Kuper is a double key frame. Be wary of dwells in
Record Override mode.

Actions / Sample (Replace) writes over the key frame number listed under FRAME with the current crane, head
and lens position.

–

Actions / Sample (Insert) adds a new key frame after the number listed under FRAME with the current crane,
head and lens position. It is the same as pressing the Sample button on the desk or using the Rocker to take a
key frame.

–

Select Override for all the axes you wish to have control over. Turn on Settings / Record Settings.1.

Start moves with the bloop plate and make sure all axes are at a standstill at start.2.

Run the move all the way to the end, making adjustments in real time. A dialogue box will appear asking if you
wish to keep the changes.

3.

Answer Yes and File / Save As the move with the take number or version.4.

Reload the master move and go again if needed.5.
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6 SAVING AND EXPORTING MOVES

At the top left of the GUI find and click on File. The drop-down menu exposes several options for saving and
exporting moves. Save overwrites the move loaded, or visible in the Move screen. Be careful, as you are
essentially deleting the prior version, which you may wish to revert to later. Save As creates a new save file. Save
to USB requires that a thumb drive or other USB memory device be plugged in.

Load Move is an open-file dialogue box that allows saved moves to be loaded into the Move Stack. You can have
up to 99 or so moves loaded into the Move Stack. You can only save the one move visible at a time. Save Move
Collection is a script of all the SAVED moves in the stack. It is not a substitute for Save Move. It does allow you to
Load Move Collection, which makes getting up and going the next day faster and easier.

Export CGI moves takes the measurements entered into the Geometry Settings window and generates a CGI and
FBX file of the move. These are frame-accurate data outputs of the moves, ready to be imported into Maya or
any other .fbx-compatible program. The TechnoDolly exports all data pre-calculated into either Cartesian or
polar coordinates. The resulting fbx file converts the world space to Y-up and units to centimetres. The data
formats are described in detail in Part II.

Fig. 5  The File menu with the save, load and export options.

Important note. When a new USB device is plugged into the back of the desk, a prompt from Linux will come up.
Click Cancel in the bottom right corner to close the window. This allows the TDesk GUI to access the drive.
Clicking OK makes the drive accessible to Linux, but not to the TDesk software.

7 MOVE SETTINGS EDITOR

The Move Settings editor is the most valuable and used window in the TDesk. This is where you change the
length of a move, do slow-mo and save Private Settings. It can be accessed either through Settings / Move
Settings or by RMB on the black areas of the screen with a move that has at least two key frames (or it isn’t a
move, is it).
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Fig. 6  The Move Settings editor, Speed tab.

Along the top of the window are tabs. The primary is Speed. The TechnoDolly will automatically go as fast as it
can on track, boom, telescope and swing. Here you can slow it down to the desired speed. You can slow the
entire move evenly or set specific times between any two key frames.

The Temporal scaling serves two functions. It sets the frame rate for exported fbx moves. It also is the
denominator in the speed equation. If you want to run a pass at half the speed of the hero pass, put 12 in the
lower box, in this example.

The second tab is to save Private Geometry settings. Private settings are specific to the move you are editing,
and no other; whereas Global settings (accessed under Settings / Geometry Settings) affect every move that does
not have private settings specified. The windows for private and global are identical, except where they are
located. Private settings can only be accessed through the open move’s Move Settings. Private settings are
saved with the move. An example of needing private settings is if you are pre-programming multiple shots and
each shot uses a different lens, therefore different balance and unique geometry settings. There are also private
Interpolation settings. This is also helpful if you want to suppress track speed on one but not all the moves you
are programming. Private interpolation settings also apply to Target mode, if each move has a unique target. If
all your moves for a job have the same target and same lens/balance, then global settings will be sufficient and
more time-efficient.
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8 INTERPOLATION SETTINGS

Fig. 7  Global Interpolation Settings with the default values.

Interpolation settings control how the crane gets from key frame to key frame. The motor limits section at the
top allows users to suppress the crane’s desire to go at maximum speed, for example. If you create a simple
horizontal move that uses the arm swing, you’ll notice that when the arm is shortest, the boom pan swings faster,
creating a possibly undesirable effect in the middle of a shot. This is due to the Coriolis effect, similar to an ice
skater pulling in her arms and spinning faster; because the arm is shorter, the crane can swing faster. To create
an even speed on the camera, lower the Cartesian speed limit to something like 1 metre per second (m/s), or until
you get the desired result. This is also useful for creating constant-velocity, or trapezoidal, dolly moves often
needed to link up moves from location to location. The default values are shown in Fig. 7. Interpolation settings
can be global, as set up in Settings / Interpolation Settings, or private, as described in section 7 (Move Settings
editor).

For an explanation of Head Interpolation Mode, please see section 16 (Targeting).

9 GEOMETRY SETTINGS

Settings / Geometry Settings serves three very important purposes: exported moves are accurate, imported
moves move around the lens nodal point, and targeting. Geometry settings can be global, as set in Settings /
Geometry Settings, or private — see section 7 (Move Settings editor) for private settings.
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Fig. 8  Global Geometry Settings: head configuration, the lengths L1–L5 and head fine offsets.

If you are using the roll axis, the system will automatically detect it at crane initialization (power-up). In most
cases the tilt motor is on the right side of the camera as observed from behind the lens. If this is set incorrectly,
exported moves won’t line up, fbx imports will be wrong and targeting won’t work. For the lengths to be
measured see Fig. 9; the same lengths are defined in more detail in Part II (Fig. 29).

Fig. 9  The lengths L1–L5 to be measured for the geometry settings.
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Also important is that L4 is more than likely a negative number. The Get from move button will retrieve the
geometry data from an open move. It will ask for the move number, referring to which move in the open moves
stack. Head fine offsets can be used if tilt, for example, is not reading zero when a level indicates it is level.

10 SYNC SETTINGS AND TIMECODE

Fig. 10  Synchronization Settings: sync source, timecode and delays.

For repeating or exporting moves, camera sync is necessary for frame-accurate precision. If you have a
timecode (TC) source plugged into the TDesk, the exported data will be TC stamped. Obviously the TC needs to
match the camera’s TC, so there needs to be a master clock on set, normally the sound recording device. The
TechnoDolly comes with sync cables for the Arri Alexa (any Arri with an r/s socket), RED Epic and Panavision.
Reading the shutter pulse from the camera is ideal. In the example image here, the sync source is the TC. That
will work so long as the camera is also using the TC as a sync source, but the best scenario with digital cinema
cameras, such as the RED and Alexa, is to read the shutter pulse from the camera directly. The Alexa cable plugs
into the r/s port and on the Epic it comes out of the CTRL port (not the SYNC port). If using the RED triple BNC
cable, use the yellow connector. The Alexa only provides shutter pulse when the camera is recording. Due to the
descending priority, if a shutter pulse is detected it will take precedence over the TC input, for example.

The Delay between sync and center of exposure is for multi-camera shoots or when matching footage shot with
another camera; it is not normally required to adjust this. The Find out button flashes the bloop plate at the
frame rate specified in the Settings / Move Settings menu. Point the bloop plate into the camera lens and adjust
until the lights are visible across the entire frame. This is also used to centre live-action frames over stop-
motion frames.
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You can adjust the bloop plate flash period when going at slower frame rates so that the camera doesn’t miss it
between exposures. 41 ms is 1/24 of a second. A value of 1000 would be a 1-second-long bloop, 200 would be 1/5
of a second. On a calculator use this formula:

flash period [ms] = 1000 / frame rate

For live data exporting you can increase the delay between sync and data transmission if requested by the previs
techs. 2.2 ms is the minimum value. See also the section on genlock and shutter pulse in Part II.

11 STOP-MOTION MODE

Stop-motion mode allows a move to be played back in steps. Each step corresponds to one frame on film/video.
It does not change the way moves are programmed, nor does it change the move itself — it is just a different way
of playing back.

Under Settings / Playback Settings you can turn on stop-motion mode (Fig. 11). Once in stop-motion mode the
camera will advance one frame every time the Rocker is pushed on T and held until the yellow indicator lights
flash. Once the Rocker is released, you are then able to advance to the next frame. The TechnoDolly does not
currently support automated stop-motion passes or camera triggers. Contact Technocrane
(Anthony@supertechno.com) for assistance in determining a workflow. The RED One camera works well because
you can trigger one frame at a time from the desk or focus controller.

Fig. 11  The menu to activate stop-motion mode.

Next, open the Move Settings by right-clicking onto the black area around the key frames or by choosing Settings
/ Move Settings. Here you have to make sure that the nominal times are for field is set to the desired step value.
When you press the path rocker to advance the move, it automatically stops at the next frame. (On software
versions prior to 3.1 you have to re-switch to Play mode to make the stop-motion mode take effect.)
Consequently, pressing the path rocker advances the camera by one frame. It is recommended to set path fluid
to zero for stop-motion mode to avoid unwanted delays.

Program or record a move normally, or import it from fbx. Any move can be played back in stop-motion mode.

11.1 Going to a certain frame

There is a frequent need to move the camera to a certain time/frame number without the need to step through
all previous frames. To make this convenient, the feature Go to a specific time is available from software branch
3.1, version 460. Right-click on the Go To button (the green arrow, next to the FRAME number) and a window as
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shown in Fig. 12 will pop up. Just enter the desired time and click OK. This starts a Go To move which will end on
the path at the specified time. Indicate seconds and decimals, not timecode format — right now you have to
convert frame numbers to seconds yourself.

Fig. 12  The window to enter a Go To destination time.

12 TRANSFORM MOVE

Actions / Transform Settings allows users to alter the entire move path, as opposed to an individual key frame.
The window (Fig. 13) is divided into three sections and the priority goes from top to bottom. First, shift move by
allows users to offset the entire move in Cartesian space, or offset pan, tilt or roll in degrees. See section 21
(Definition of coordinates) in Part II for the TechnoDolly coordinate system.

Fig. 13  The Transform Move window.

X shifts the move along the axis parallel to the track. To shift a move along the track, however, you need to put
values in both the X and Track boxes.

–

Y shifts a move perpendicular to the track axis.–

Z shifts the move up and down.–

Track shifts the base position but not the camera position. Enter equal values in both X and Track to shift the
whole move along the track.

–

Pan, tilt and roll shift those axes. You can fix issues with multiples derived from fbx import or moves from
other cranes by entering integers into the full rotations boxes.

–
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Next is Scaling. 50 % scaling moves the camera half as much, and 200 % twice as much. You can choose to scale
from the origin, meaning where the dolly is at zero along the track, or you can scale from the base position in the
move. Expect to use subsequent shift transforming, described above, to find the proper place to run the scaled
move.

Thirdly, rotate move horizontally by is to run the move rotated from its current path. For example, if you run the A
pass off one side of the track and wish to shoot the B pass off the opposite side, rotate by 180 degrees around
the post.

You can save and later reload settings. Once you’ve done a transform and you reopen the window, notice the
values are still there from the last transform. If you simply transform again, it will add to the existing transform. If
you choose Inverse instead, it is the same as “undoing” the previous transform. Zero is a shortcut to clear all the
current values.

Finally, you have two choices on how to transform a move: Transform move and Transform key frames. Transform
move is for multi-pass VFX work where you need to run exactly the same move in a different place. With this
choice, however, you might exceed the speed or physical limits of the crane. For example, if you were already as
high as the crane could go, the arm will simply top out at its limit. The rest of the move will match, and that may
be satisfactory if you only needed a portion of the move to match. Exercise caution. The second choice simply
changes the values of all the key frames and the software will re-calculate the speed and path between them.

13 IMPORTING MOVES FROM FBX FILES

Fig. 14  The FBX import dialogue (Actions / Import move from fbx/cgi).

Important fbx criteria

Fig. 14 shows the FBX import dialogue that comes up from Actions / Import move from fbx/cgi. First you will be
asked to choose the fbx or cgi file to import. Then the window appears. It is very important to enter the frame
rate that the scene was created in, most commonly 24 or 25 fps. If the fbx frame rate does not match the original
Maya scene, the shot will be the wrong duration and will likely suffer interpolation noise, limiting both the

Camera rotation order must be ZXY.–

Units in Maya should be centimetres.–
Maya world should be Y-up. Place the track along the Z axis. The importer will convert the coordinates to Z-
up.

–

The camera must start and stop at rest in the scene; the TechnoDolly does not create ramps.–
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maximum speed and the quality of the smoothness. The checkbox for automatically determining the head and
BP multiples should be checked if you are unsure. This prevents the boom pan, tilt, pan or roll from doing
multiple 360-degree spins to get back to zero rotations. Ideally, the TechnoDolly should have no pan, tilt, roll or
BP multiples, but it is often the case that the head has spun several times in transit. Because the encoders are
absolute, it counts every full rotation, even when powered down. See also File / Edit Move-File (_BAK) in section
14 (Editing move files in a text editor).

Track treatment deals with how to move the camera along the Z axis in Maya, or the TechnoDolly’s X axis. Since
the arm and the track can both accomplish this, this section deals with how to delegate the X travel. The first
option is not to use any track at all, and is the choice if the TechnoDolly is not on track. If it is on track you can
specify where along the track the base will be. One very important concept about importing fbx moves: the
crane is very literal about the XYZ position imported. So if you specify a position along the track too far from the
XY path, the arm will be unable to reach the start, or any part of the move. You can transform the move to your
desired place (see section 12 (Transform move)). Track moves with X allows you to split up the chore of X motion
between the arm and track by percent. 100 % means the track does all the work and 0 % means the arm does all
the work, if it can. Obviously each move may require some trial-and-error testing. Again, when you specify the
track position at start, it does not change the XY path; that must be done in Transform. You can also use the
percentage to try and achieve higher camera speeds by splitting the work between track and arm. If you set the
percentage to zero, the arm length will still change to accomplish nodal compensation. To eliminate all arm
movement, use the third option, Keep TL constant. This converts the TechnoDolly into a fixed-arm rig. It may be
beneficial for smoothness or sound.

The choice for Camera on “+” or “−” side of post tells the software which way down the track you are facing. If the
camera is on the “dead end” of the cable, with the eye bolt, then that is positive. If the telescope end of the arm is
over the cable drum and towards the variable end of the track, then that is negative.

An imported fbx move will look exactly like a recorded move with two black key frames. If you go into Settings /
Move Settings the shot length should match the Maya scene length. If it does not, then the fps was incorrect —
re-import. If the numbers are in red, then the crane cannot achieve the speed or acceleration of the imported
path. Another possible cause is a first- or second-order derivative discontinuity; Kuper operators know it as
jumps in the velocity curve. When you try to run the move, a dialogue box will inform you of where and by how
much the move is too fast. One thing to try is to go into Settings / Interpolation Settings and raise the numbers
above 2.4 m/s and more than 100 %. The TechnoDolly may stall, but it can trick it into thinking the rig can
accomplish the move, and sometimes it can. The move must be re-imported with the higher values to work.
Please exercise extreme caution, and remember to reset the values to the defaults. Save the move as normal.
Currently, lens information does not import and cannot be key framed, so it must be done live.

Note on Y-up vs. Z-up. It is normal in motion picture work to have the Y axis be the vertical, or up-and-down,
axis. In engineering, however, Z is the vertical axis. The reason is simple: movie screens are mounted vertically
and graph paper rests horizontally. The TechnoDolly natively adheres to the engineering Z-up world, but when
creating moves in Maya, use the Y-up world and the fbx importer will convert the space to Z-up automatically.

14 EDITING MOVE FILES IN A TEXT EDITOR

It is possible to manually edit the sampled position values in the move file — if, for example, you want the camera
to travel perfectly parallel to the floor. Create a move by Samples in the normal manner. Save the move (this is a
must). Go to File / Edit move file (_BAK). The actual move file will open in an editor; a sample is shown in Fig. 15.
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Fig. 15  A move file opened in the text editor.

The XYZ values are in metres and the pan, tilt and roll values in degrees. Use your mouse to highlight the values
you wish to change and maintain the column spacing. You can copy and paste values using the Edit pull-down,
but normal keyboard shortcuts don’t always work. Once the values have been entered, go to File / Save and quit
the editor. Now go to File / Load move and open the file with the move’s name that ends with _BAK.move . The
same sampled images should come up and you can treat it like a regular move in terms of adjusting timings and
transforming, adding dwells, etc.

Note. In the example file, look under <Pan-multiples>  1. This means that pan is more than 360 degrees past
zero. If you were to bring this move from another crane or import from fbx, the head would want to rotate 360
degrees. You can edit the multiple like any other variable to match your crane’s current state. We recommend
keeping the multiples at 0. If <BP-multiples>  is not 0, please disconnect the cables connecting the tower to
the base and reset by rotating the tower and arm. If the <BP-multiple>  is 1 or greater, rotate the column CCW.
Check the BP multiple in the front or neutral position, as it is possible to swing into a 1 or −1 BP multiple during a
move.

15 LENS SCALING

Once scaled, the lens values can be exported and read from the bottom of the screen. For example, if the camera
is up high and the DP wants to set the zoom to 36 mm and the iris to f/8, you can easily do that from the desk.
Real-time rendering engines, such as MotionBuilder or PreVision, can use the scaled lens data.
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LMB the yellow LENS box on the main screen. Click on Scale near the bottom under Zoom, Focus or Iris. Make
sure the lens motor has successfully auto-homed the lens by finding the ends of the barrel movement. If you are
unsure, click Reset and be sure the lens does not skip any gear teeth. Enter “Inf” at infinity and proceed along the
lens barrel markings, entering values into the table. Once the value in the entry box matches the value on the
lens, click Add. It is best to convert imperial markings (feet) to metres; the exported data will be in the same
format, and if you use the focus to set targeting (see section 16 (Targeting)) you will need the lens scaled in
metres. A conversion table is given in appendix B (Feet and inches to metres). Be sure to name and save the lens
calibration file, as it can and will need to be reloaded with every software restart or lens change. When you click
OK a graph will appear. Its main purpose is to show if there were any bad values entered. The graph should look
like half of a parabola or so, without hooks or waves.

Fig. 16  Lens Settings with the focus table open.

Fig. 17  Example of the zoom table for a typical zoom lens.

Once you click OK a graph will come up. Fig. 18 shows two examples of good lens graphs.
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Fig. 18  Two examples of good lens graphs (focus and iris).

Fig. 19  A bad graph: the data point at 35 mm is wrong.

In the example in Fig. 19, it looks as though the data point at 35 mm is bad. Sometimes the AC can move the lens
before you can take the sample, or you can lose track and put a value in twice at the same point. You can reload
the table and either fix or delete the offending point.

16 TARGETING

The following instructions were lifted from the separately distributed “Instructions for Targeting Mode”.

Measure and enter L1–L5 into Settings / Geometry (see section 9 (Geometry settings)). Start with the global
values. Private values can only be entered after there are two or more key frames in a move. You can build the
move first and enter the geometry and targeting values after you have taken your key frames. However, if you
have time to enter all the measurements first, then once the Sample frames are taken you can see the resulting
move immediately.

Optional: if possible, calibrate the lens focus in metres (section 15 (Lens scaling)).

Move the camera reasonably close to the subject (for greater accuracy) and focus the lens. Go to Settings /
Interpolation Settings; at the bottom of the dialogue box are the choices for targeting (Fig. 20). The third
checkbox should be checked for Targeting on; click the button Define by current crosshair. If you did not
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calibrate the lens focus distance, you will have the opportunity now to measure the distance manually. Measure
from the object to your L3 position (normally the lens nodal point) in metres and enter it. You will notice the
values in the three XYZ boxes change. Click Save and you are now ready to build a move — or, if the Samples are
in, see the results.

Fig. 20  Head interpolation mode with targeting enabled and the target defined by the current
crosshair.

Once you have even two Samples, you can assign private settings to the move by going to Settings / Move
Settings and bringing up the Interpolation tab seen at the top of the dialogue box. The default is to use the global
settings, but you can re-capture or manually enter the values again and they will be saved with that move and
apply only to that move. Also note that Move Settings also allows the saving of geometry measurements and
other interpolation functions unique to every move. If you are changing lenses and re-balancing, be sure to enter
the new values in the Move Settings window before saving and closing the move.

17 VIEW WINDOWS

17.1 Position window

The Position window can be brought up from View / Position Window. It is a great tool for knowing where the
camera is. On the left side are raw axis data and on the right side are Cartesian XYZ coordinates. The right side
will only be accurate if the L1–L5 values have been entered. This window can be moved around to a clear spot on
the GUI.

Fig. 21  The Position window: raw motor values and Cartesian camera position (data export
values).
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17.2 Curves

You can see various attributes of a move with the curve plotter (View / Curves). Fig. 22 shows the window for
deciding which plots or curves to generate. You can choose to graph either raw axis positions or camera-
corrected nodal position in the top box.

Fig. 22  Plot settings for the curve plotter.

Next, choose to view targeting or non-targeting head coordinates. You can lock the scale of the graphs with the
unify aspect ratio checkbox, and you can choose to save the graphs as PDF files.

Next comes a wide array of choices for which axis to graph. The first choice is essentially viewing the move from
the top, front and side, respectively.

You can plot xyz against time (t) and view speed and acceleration curves. In Kuper, the position curve would
equal the function and the velocity curve would be the first derivative.

Motor limit curves are useful to help determine both the kind of accelerations and which axis is limiting the top
speed.

Tau is the difference between the software’s calculated speed and the amount you may have slowed the path
down between key frames. If you run the move at the speed the software initially calculates, the tau line will be
diagonal. It is similar to Redistribute in Kuper.

Unfortunately, at this time the curves are not editable, only viewable.

Fig. 23 is an example of function curves for x–y, x–z, y–z for a fairly complex move. Gnuplot 1 in the upper right is
the top view (x vs y), Gnuplot 2 is the side view (x vs z) in the middle bottom and Gnuplot 3 in the upper left is the
front view (y vs z) of your move path. The first key frame is always indicated by the solid green square. At the
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tenth Sample you see a good example of how a dwell frame affects the move geometry: as the crane comes to a
stop, it may head in another direction after the stop. The result is the visible acute angle in the curve. Also note
how linear the move is after the dwell.

Fig. 23  Function curves for x–y, x–z and y–z of a fairly complex move.

Fig. 24 shows the first-order derivatives for the curves above. Gnuplot 4 is the combined xyz speed of the
camera.
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Fig. 24  The first-order derivatives (speeds) of the curves in Fig. 23; Gnuplot 4 is the combined xyz speed of the
camera.

18 TROUBLESHOOTING — BEFORE YOU CALL

As soon as I press Start the brakes fire. Check all of your emergency stop buttons; there are 4. Are the desk and
Rocker properly plugged in? Check the pan and tilt cable connections on the head. Visually inspect all cable
connections. Clear all software limits for track and head.

The crane faults (brakes fire) when I try to move the crane. There are two major causes of this problem. Are all
three power mains plugged into 20 A circuits? Did any of those fuses blow? Or is the arm manual brake engaged
(the “back from lunch” error)? This causes the system to detect excess torque and shuts down.

Pan and tilt are not responding. First check to see if the pan and tilt motors are engaged or loose. Is the desk
plugged into the crane and booted up? At the bottom left corner of the GUI, does the status indicator say “OK” or
“No Link”? No Link indicates a poor connection to the crane or an air gap. Or check in the HEAD settings to see if
the hand wheels or joystick boxes are checked. Check the cable connections for the encoders and motor drive
cables. It is also possible there were position limits from the last job: go to the HEAD menu and clear limits.

When I try to start the crane, the head levels and then the brakes fire. The most likely cause is old axis limits
being violated by the current crane position. Go into the HEAD and CRANE menus and clear all limits on pan, tilt,
roll and especially track.
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When I start the crane, the head spins and the head leveller goes askew (brakes may or may not fire). This is an
indication that there is a short in the logic connection between the desk and the crane. There should be a 50
ohm resistance between the centre pin and ground conductor of the logic cable. Continuity is a sign of a short.
Try to isolate the connector with the short and repair it.

The desk computer won’t boot at all. Try swapping SSD drives first. There are a few things to try if that does not
succeed. Try switching from the DVI video out to the VGA out to the monitor. Check that all rear connectors are
properly attached. If all that fails, open the top of the desk and re-seat the PCI cards on the motherboard.

The desk computer boots part way, but hangs before loading the log-in screen. Try switching from DVI to VGA,
or if you don’t have a VGA cable simply disconnect the DVI cable and let the computer boot “blind”. Restart the
computer after 5 or so minutes with the DVI connected.

I can’t save to my USB stick. Remove the USB device from the back of the computer and try another port; when a
prompt comes up about the USB drive, click Cancel, not OK. It may be necessary to reboot the computer if
repeated attempts fail. USB drives should be formatted to FAT. Mac and NTFS formatted disks cannot be read.

Position window export values are blank or zeroes. Go to Settings / Data Export Settings and change data export
to Binary under the real-time export settings.

The head pans or tilts unexpectedly in a move. You likely have targeting turned on in Settings / Interpolation
Settings, or in Settings / Move Settings under the Interpolation tab.

After importing a move the head and/or arm try to rotate more than the cables will allow. This is likely due to
the pan, tilt, roll or boom pan having multiples. Try re-importing the fbx move with the box checked to
automatically determine PTR/BP multiples. If opening a move made on another crane, you can use the File / Edit
move _BAK file to change the number of multiples to match your crane’s configuration. You can also create a
simple (dummy) move, save it, and view your crane’s current axis multiples.

After importing an fbx move the Go To works but the crane won’t go into Play, or faults. This is most likely
because the crane cannot physically reach the desired Go To position. Use Transform to adjust the move path or
re-import the fbx file with a track position closer to the start of the move. Remember, the TechnoDolly is very
literal about the imported coordinates; they are absolute, not relative. Use the View / Position window to help
determine where to place the base.

Changing desks. You can swap desks so long as you edit the config file found at
/usr/crane/settings/config/config.xml . Use the Emacs editor in Linux to change the crane serial number

to match the number at the rear of the crane arm. Access Emacs with RMB on the config file icon, go to Open
with and open Utilities / Editors / Emacs.

Move won’t start from the bloop button. The dead-man switch on the Rocker needs to be depressed halfway, the
yellow crane lights should be solid on, the timeline visible (in Play mode) and the move needs to be at zero on the
timeline. On the right side of the desk, the yellow LED above the path rocker should be illuminated, indicating the
dead-man button is properly pressed halfway. Try going backwards in the move to ensure it is at the very start of
the timeline.

The program has disappeared, how do I get it back? If you minimized the window, open the Linux control bar,
usually hidden in the upper left corner. You will see a greyed X about halfway down. LMB will maximize the
window and no work will be lost. If you clicked on the X in the upper right corner, there should be two terminal-
style windows open. In one will be instructions on how to re-open the software or shut down the computer. Type
the letter “n” and Enter. In this case, unsaved work may be lost.
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I went to Actions / Sample Replace but the wrong key frame was replaced! The Sample Replace command
replaces the key frame number indicated in the FRAME window at the top of the TDesk.

I set up targeting but it doesn’t look right at all! Be sure targeting is selected in either Settings / Interpolation
Settings or Move Settings under the Interpolation tab. Be sure your geometry settings are correct; pay special
attention to the selection of the camera being on the right or left side of the tilt motor, and is L4 a negative
value? If you scaled the lens, was it in metres? Check your lens calibrations. Try the target selection steps again.

I programmed a move but the director wants to add a move before the current start of the move. Click the
down arrow under FRAME until the Sample number is 0.0. You can now insert a Sample before your current
Sample #1. The previous Sample 1.0 will be automatically renamed 1.1.

When I do a Go To the crane moves to the right place but the light keeps blinking and the timeline won’t come
up. If you do a Go To to a key frame that has a dwell, it can take a while to truly achieve the position, especially if
the dwell is quite long. This bug has yet to be resolved.

When we go to add or replace a focus Sample to the last key frame it creates a new Sample on the timeline
near the last key frame. This is because there is a dwell on the final key frame. RMB on the image of the final
Sample and make the dwell value 0, then Sample the position again. This bug has yet to be resolved.

The move we key framed is not repeating; something is way off! More than likely Override is enabled on pan, tilt,
roll, focus and/or zoom. Make sure the Override function is disabled for all axes when frame-accurate
repeatability is desired.
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P A R T  2

CGI Data Export

The TechnoDolly crane is ideally suited to provide a precise and easy-to-use data export for virtual sets. No
calibration is required, because all axes are equipped with absolute encoders instead of incremental encoders.
Furthermore, the TechnoDolly performs all calculation steps to get real Cartesian coordinates from the axis
positions. It is not necessary for the user to care about the geometry of the crane or about the eccentricity of
the head. The positional values sent are the true Cartesian coordinates of a reference point on the optical axis of
the camera (pure axis data output, “polar”, is also available).

If a fixed focal length lens is used, this reference point can be chosen on the nodal plane of the camera and,
consequently, the values are equivalent to the ones of the virtual camera. In case zoom lenses are used (where
typically the shift of the nodal plane with changing focal length must be considered), this effect has to be taken
into account in the CGI software.

This part describes the details of the implementation of the TechnoDolly data export to enable people to read
the camera positions from CGI software.

19 DEFINITIONS OF TERMS

20 THE GRAPHICAL USER INTERFACE (GUI)

A graphical user interface (GUI) allows the user to choose the data export format and to enter some mechanical
specs which vary with different head configurations. Consequently, the user interface looks slightly different
when using a two-axis or a three-axis head (see Fig. 25). See Fig. 29 for an explanation of the mechanical specs.

The user can choose between binary, ASCII (text) and Kuper-compatible (similar to ASCII but with an uncommon
end-of-line delimiter) formats. For each format, you can choose between polar and Cartesian coordinates.

BP — Boom pan. Horizontal swing axis of the crane.–

BT — Boom tilt. Vertical swing axis of the crane.–

LH — Levelling head.–
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Fig. 25  Data export settings for a two-axis head (left) and for a three-axis head (right). For the meanings of the numbers
in the “mechanical” section see Fig. 29. The settings in the “real-time data export only” section have no effect when

writing CGI data to a file; see section 24 (Genlock / shutter pulse) for details.

21 DEFINITION OF COORDINATES

Fig. 26, Fig. 27 and Fig. 28 show the TechnoDolly coordinate system. The x-axis is parallel to the tracks, y is the
horizontal coordinate perpendicular to the tracks and z is the height above the floor.

Fig. 26  The TechnoDolly’s coordinate system (top view).
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Fig. 27  The TechnoDolly’s coordinate system (side view).

Fig. 28  Zero position of the track axis. When the track is at the position shown, the origin of the TechnoDolly’s
coordinate system is in the centre of boom pan rotation and at floor height.

The origin of the Cartesian space is at the intersection of the boom pan axis and the floor when the track is at
zero. Fig. 28 shows how track zero is defined for a wire-drive track.
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Cranes with cograil-type track (as opposed to wire-drive type): obviously, the x-coordinate is affected by the
position on the track. Because the track motor can be locked to the cograil at any position, you can have quite
large offsets for the x-coordinate. To get a well-defined origin along the x-axis, run the move called zero.move
before locking the track motor to the cograil.

For the definition of pan, tilt and roll see Fig. 26 and Fig. 27. A positive pan angle means a clockwise rotation (top
view). A positive tilt angle means swinging the camera up towards the sky. Roll is the rotation around the optical
axis; a positive roll angle means turning the camera clockwise (viewing towards the field of view). As can be
seen, tilt and roll directly correspond to the respective motor angle, while pan is also affected by the BP angle.

Fig. 29  The definition of the four lengths L2 … L5 which describe the displacements of the
camera relative to the centres of rotation. The top shows a side view, the bottom shows a top

view. For the definition of L1, see Fig. 27.

21.1 Remarks for Maya users

For Maya in y-up configuration we get the following rules: TechnoDolly-x corresponds to Maya-x, TechnoDolly-y
corresponds to negative Maya-z, TechnoDolly-z corresponds to Maya-y. Consequently, pan is a rotation around
Maya-y, tilt is a rotation around Maya-z and roll is a rotation around Maya-x. The order of rotations is yzx.
Remember that all the transformations above will be done automatically if you are using our Maya plug-in to read
the TechnoDolly’s CGI data.
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22 UNITS

All lengths are given in metres. All angles are given in degrees. When using uncalibrated lenses (which is the only
option at the moment), zoom, focus and iris data are in percent (i.e. 0 at one mechanical stop and 100 at the
other).

23 TYPE OF LINK

At the moment, the data output uses a serial port. RS-232 outputs are provided (for shorter cable lengths) as
well as RS-422 outputs (for longer cables). The bit rate is 115 200 bits per second (baud), one start bit and one
stop bit, no parity. The endianness is little endian, that means for a multi-byte quantity the least significant byte
is transferred first. Later on, Ethernet transmission (UDP protocol) will also be supported.

24 GENLOCK / SHUTTER PULSE

Let’s first summarize the following section. You need genlock or shutter pulse

Now, the details.

24.1 Genlock / shutter pulse and repeatability

In many situations the TechnoDolly is used to repeat the same move several times. Later on in post-processing,
the recorded shoots (video or film) are overlaid. In this situation the TechnoDolly’s bloop plate is used. The bloop
plate produces a short flash when starting the move and allows the first frame to be identified.

Imagine that we shoot PAL video (25 frames per second) and that the crane is moving with a moderate speed of 1
m/s. If we do not somehow synchronize the start of the TechnoDolly move with the image formation on the CCD
chip, we have to expect a time lapse of up to 1/25 second between corresponding frames. This leads to a
positional error of up to 4 cm, which can be well visible. Remember that this error is arbitrary: two shoots may be
in perfect coincidence by good luck, or may show a large error.

The solution to this problem is to provide a genlock or shutter pulse signal. With a genlock or shutter pulse signal
present, the TechnoDolly will not instantly start the move when the red button on the bloop plate is pressed.
Instead, it waits for the next genlock or shutter pulse before actually starting the move (with genlock, the crane
actually waits for the next pulse which belongs to an odd field — remember that the supported video formats are
interlaced). This little delay (for example, 0.04 seconds maximum for PAL genlock) will eliminate the described
positional error.

24.2 Genlock / shutter pulse and data export

Even if not overlaying different shoots, there is another reason to use genlock or shutter pulse: not only the
move is synchronized to the genlock or shutter pulse, but also the real-time data export.

To understand the problem, imagine the following situation: you shoot PAL video in a green-screen studio at
nominally 25 fps. The TechnoDolly’s real-time data export is connected to a rendering computer which runs e.g.
Viz software. For each new frame to render, this system uses the most recent camera positional data available.

if you repeat the same move and you are planning to combine different shoots in post-processing, or–

if you are using real-time data export.–
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You set the TechnoDolly data rate to 25 fps, but due to variations in either the TechnoDolly’s time base or the
camera’s time base the data rate is slightly lower than the frame rate. As a consequence, at certain frames it
happens that two frames rendered by the Viz system use the same positional data from the TechnoDolly: for the
previous frame, a new data packet had arrived just in time; for the actual frame, the next data packet was not yet
available because the data rate is slightly slower than the frame rate. The result is visible jerks in the rendered
images, which are not acceptable for broadcasting.

Again, the solution is to provide a genlock or shutter pulse signal to the TechnoDolly.

24.3 Delay between genlock / shutter pulse and start of data

The previous thoughts also explain the meaning of delay between genlock / shutter pulse and start of data in the
data export window (see Fig. 25). With bad luck it may happen — even with genlocking — that data packets are
transmitted at inappropriate instants of time. That means that the completion of the packets is very close to the
moment when the rendering software scans for new data. Then the system may use the just-arrived data or the
previous one, depending on unavoidable variations in data processing time.

The solution to this problem is to slightly shift the data transmission relative to genlock. As a rule of thumb, if
you observe arbitrary jerks even with genlock, you should add one quarter of a frame period (10 ms for PAL) to
the value. Then the jerks will disappear.

24.4 Technical aspects of genlock

The genlock input is a BNC socket at the rear side of the desk. It works with composite video signals which are
PAL, NTSC or SECAM (National Semiconductor’s LM1881 chip is used for the purpose of extracting vertical sync
information from composite signals; for very detailed questions about the TechnoDolly’s genlock input, you may
inspect the LM1881 datasheet). You can either feed in a composite video signal (for example in situations where
you have just one video camera) or a so-called genlock signal. This type of signal is normally used in studio
setups: the genlock generator (“the master”) hands out a common signal for many cameras and other studio
equipment. This signal is actually nothing else than a composite video signal without picture information
embedded.

At the time of writing (May 2009), HD tri-level sync is not supported. If a composite genlock signal is not available
in your setup, you may have to use a down-converter box for that purpose.

24.5 Technical aspects of shutter pulse

The shutter pulse input is a 7-pin XLR socket at the rear side of the desk (pin 1 is signal, pin 2 is camera ground).
Unfortunately, there is no standard for shutter pulse signals across camera manufacturers. However, most
cameras produce shutter pulses compatible with TTL (transistor–transistor logic) levels. Please ask the camera
manufacturer when in doubt. The TechnoDolly’s shutter pulse input is TTL compatible and, additionally, is
optically insulated from ground to avoid problems from different ground levels.

When using the shutter pulse input, make sure that the camera is running and has reached full speed when
starting the TechnoDolly move.

25 DATA RATE

The data rate is either determined by the genlock signal or — if no genlock is present — set by the user in the GUI.
The maximum data rate (binary & Cartesian) is 180 Hz.

E L E C T R O N I C S  M A N U A L    ·    P A R T  2   C G I  D A T A  E X P O R T

Technocrane s.r.o.   ·   Pilsen, Czech Republic 44 / 34



26 THE ASCII & CARTESIAN DATA STREAM

This is the most recommended format to import a TechnoDolly CGI data file into external programs. It is a simple,
comma-separated format. Such a file would look like

R0.00,-1.2666,0.9436,0.8534,-35.011,-179.043,0.000,100.000,100.000,100.000
R1.00,-1.2666,0.9436,0.8534,-35.011,-179.043,0.000,100.000,100.000,100.000
R2.00,-1.2666,0.9436,0.8534,-35.011,-179.043,0.000,100.000,100.000,100.000
.
.
.

Each packet starts with a capital letter, which is R  if the crane is running a pre-programmed move and S
otherwise. Each packet ends with a line feed (0x0a, '\n' ); in Kuper-compatible mode, each packet is ended by
the combination of a carriage return (0x0d, '\r' ) and a zero character (0x00, '\0' ). In between, there are a
couple of comma-separated numbers. These numbers are frame number, X, Y, Z, pan, tilt, roll, zoom, focus, iris
(in that order). See also section 21 (Definition of coordinates) and section 22 (Units) for details.

For programmers: the data can be generated with a C statement similar to

printf("%c%d.00,%.4f,%.4f,%.4f,%.3f,%.4f,%.4f,%.4f,%.4f,%.4f%c",
       startLetter, frameNumber,
       X, Y, Z,
       pan, tilt, roll,
       zoom, focus, iris, '\n');

27 THE BINARY & CARTESIAN DATA STREAM

Each packet has a length of 64 bytes. It starts with a constant start indicator (0x7f7a5aa5), which is chosen to
never represent a real floating point number. The floats are IEEE 32-bit floating point numbers. u8 means an 8-
bit unsigned integer (typically equivalent to unsigned char  on most systems), u32 is an unsigned 32-bit integer
(typically equivalent to unsigned int  on most systems), et cetera. See the table below and the C code samples.
Zoom, focus and iris “units” are percent, i.e. one mechanical stop is 0.0, the other one is 100.0.

The table below shows the contents of a data packet. The endianness is little endian, that means for a multi-byte
quantity the least significant byte is transferred first. For example, the sync pattern will be transferred in the
order 0xa5, 0x5a, 0x7a and 0x7f.

MEANING DATA TYPE LENGTH (BYTES) UNITS

sync pattern (0x7f7a5aa5) u32 4 –

packet number u32 4 –

frame number u32 4 –

time float 4 s

x float 4 m

y float 4 m
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MEANING DATA TYPE LENGTH (BYTES) UNITS

z float 4 m

pan float 4 degrees

tilt float 4 degrees

roll float 4 degrees

zoom float 4 %

focus float 4 %

iris float 4 %

spare area struct spareArea 8 –

checksum u32 4 –

The following C declarations show the definition of C structures which represent a binary packet:

/*
 * This is the definition of the 64-bit bitfield used in the two structures
 * CGIDataCartesian and CGIDataPolar. At the moment, it holds just two bits:
 * "running" indicates that TECHNODOLLY is running a pre-programmed move.
 * "cameraOn" indicates that camera is on.
 */
struct spareArea{
  unsigned int running  : 1;
  unsigned int cameraOn : 1;
  u64          spare    : 62;   //62 bits for future use
};

/*
 Make sure that your compiler packs the structure below
 (check that sizeof(struct CGIDataCartesian) equals 64)!
 */
struct CGIDataCartesian{
  u32 syncVal;               //always 0x7f7a5aa5 to detect beginning of packet
  u32 packetNumber;
  u32 frameNumber;
  float time;                //[seconds]
  float x,y,z;               //[m]
  float pan, tilt, roll;     //[degrees]
  float zoom, focus, iris;   //scaled to [0..1] from one stop to the other
  spareArea spare;           //64 bits, most are free for future use.
  u32 checkSum;
};

The structures above are also used within our test programs (datagenerator and datadisplay). Remember,
however, that the implementation of bitfields is not guaranteed to be portable across machine boundaries. You
may have to change the bit positions within struct spareArea  and you may have to enforce that struct
CGIDataCartesian  is packed.
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28 NOTES FOR DEVELOPERS OF PLUG-INS TO READ THE TECHNODOLLY’S REAL-TIME DATA

28.1 ASCII format

Each line starts with an English letter (right now, just the two letters R  and S  are used). After that, we have just
digits, commas ( , ), periods ( . ) and the newline character ( '\n' ). Even if we use different letters in the future
to display additional information, we will always keep this basic structure. That means that your reader routine
should find the start of a new packet by scanning for a character which is a letter [A–Z, a–z].

Furthermore, we may append additional comma-separated fields in the future. Consequently, you should not rely
on the fact that we have exactly 10 numerical fields (frame number, X, Y, Z, pan, tilt, roll, zoom, focus, iris) after
the starting character. But the first 10 fields will always contain the values above in exactly that order.

28.2 Binary format

Always keep in mind that the serial interface is inherently a character-oriented interface. It does not support a
concept like a packet. For a serial interface, everything is just a stream of 8-bit quantities (serial interfaces
support 5-, 6- and 7-bit quantities as well; the character size of the TechnoDolly data export is always 8 bit). To
scan for the sync value, you have to search for the occurrence of the four characters 0xa5, 0x5a, 0x7a and 0x7f
(in that order!). Take a look at the code example in cgidata.c  and cgidata.h . There are complete and tested
functions to synchronize to the serial data stream and to test for checksum errors (written in the C language, but
they should be easy to port to other languages as well).

29 THE TEST PROGRAMS DATAGENERATOR AND DATADISPLAY

We provide two test programs to help in developing interfaces to other programs and to simplify the task of
inspecting and converting the data export of TechnoDolly cranes. The programs are open source and are
covered by the GNU public license. Some basic procedures (contained in the files cgidata.h  and cgidata.c )
are covered by an even more permissive license, to allow them to be incorporated into closed-source software.

Both programs run natively under the Linux operating system. If you don’t have a Linux computer available, you
can easily use a live distribution like Knoppix (www.knoppix.org). This is a full-featured Linux system which boots
from DVD without making any changes to your local hard disk.

29.1 Installing the test programs

The package comes as a simple tar archive ( td_cgi.tgz ). Create a directory wherever you want, unpack the
archive and run make . This could, for example, be done by entering (finish every line by pressing Enter):

cd
mkdir td
cd td
tar -xzvf td_cgi.tgz
make

This will create the two executables datagenerator and datadisplay. That’s all.
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29.2 General notes

To operate correctly, both programs need to know the name of the serial port to use (device name). For
computers with built-in serial interfaces (9-pin D-SUB male connector) this is typically /dev/ttyS0  (which is
the program’s default if no --device  or -d  option is given). On some computers it may also be /dev/ttyS1  or
/dev/ttyS2 . On computers without built-in serial ports, you can either use PCI or PCIe serial cards (in that

case, the name will be /dev/ttySX , X = 0, 1, 2 … as well) or you use a USB-to-serial adapter. Most of these work
well with Linux, some may not. They appear typically at /dev/ttyUSB0 .

For testing, we recommend building your own “loopback” adapter: get a 9-pin female D-SUB connector and
connect pin 2 (receive input) with pin 3 (transmit output). Plug it into the serial port you want to use. Then simply
try out the different possible device names by starting datagenerator and datadisplay with the same --device
argument and see for which device name it works.

Whether you can run the programs as a normal user or not depends on the permissions of your respective device
nodes. If you have read and write access you can simply start the programs by typing ./datagenerator  or
./datadisplay  from the installation directory. If only root has the read and write access rights, you need to

type sudo ./datagenerator  or sudo ./datadisplay  and will be asked for root’s password.

29.3 datagenerator

This program simulates the data output of a TechnoDolly crane. It continuously writes data to the serial port (or
to a file) which has exactly the same format as produced by TechnoDolly cranes. The program always uses
Cartesian coordinates. You can choose between binary data (the default) and ASCII (by using the respective
option). To invoke the program from the installation directory type

sudo ./datagenerator [OPTIONS]

To stop the program, just type Ctrl-C. The following command line options are recognized.

1. General options

OPTION DESCRIPTION

-h , --help Show a detailed help screen.

-v , --verbose Increase verbosity.

-t , --ascii Generate ASCII output instead of binary.

-d DEV , --device DEV Write to character device or file DEV. Defaults to /dev/ttyS0 .

-f FLOAT , --fps FLOAT Generate FLOAT packets per second. Defaults to 25.

-e NUM , --errors NUM Generate a checksum error for each NUMth packet.

2. Options affecting the camera moves

These options can be specified several times and affect only camera moves which are specified afterwards.
They are overridden by any new occurrence of the respective command line switch. See also the examples.
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OPTION DESCRIPTION

-c FLOAT , --cycle FLOAT Set the period for subsequent moves to FLOAT seconds. The default depends
on the move type.

-a FLOAT ,
--amplitude FLOAT

Set the amplitude for subsequent moves to FLOAT. The default depends on
the move type.

-o FLOAT , --offset FLOAT Set the offset for subsequent moves to FLOAT. The default depends on the
move type.

-p FLOAT , --phase FLOAT Set the phase for subsequent moves to FLOAT degrees. The default is zero.

-s , --no-smooth Use trapezoidal oscillations instead of sinusoidal ones.

--run-start FLOAT ,
--run-end FLOAT

These options do not affect the positional data output itself. They just set the
start and end time (in seconds) for the indicator bit “running pre-programmed
move”. The default is 0 and infinity, respectively (i.e. the bit is set all the time).

--cam-start FLOAT ,
--cam-end FLOAT

These options do not affect the positional data output itself. They just set the
start and end time (in seconds) for the indicator bit “camera on”. The default is
0 and infinity, respectively (i.e. the bit is set all the time).

3. Options selecting the camera moves

These options can be combined as long as they affect different axes. The --random  and --random-full
options affect all axes and, consequently, cannot be combined with any other camera move selection.

--x , --y , --z , --pan , --tilt , --roll , --zoom , --focus , --iris  — generate simple oscillating moves
for the respective axes. The respective axis will move according to

value = offset + amplitude × sin( 2π ( time / cycle + phase / 360 ) )

where time is the time since starting the program in seconds. If the option --no-smooth  is given, a trapezoidal
function is used instead of a sine. The defaults for (cycle, amplitude, offset, phase) are:

OPTIONS (CYCLE, AMPLITUDE, OFFSET, PHASE)

--x , --y , --z (5, 1, 0, 0)

--pan , --tilt , --roll (5, 45, 0, 0)

--zoom , --focus , --iris (5, 0.5, 0.5, 0)

These options can be arbitrarily combined to get a camera move with more than one axis moving (see also the
examples).

--panTilt  — pan and tilt draw a circle (smooth) or square (non-smooth) in the object plane. Mathematically:

pan = amplitude × sin( 2π ( time / cycle + phase / 360 ) )
tilt = amplitude − amplitude × cos( 2π ( time / cycle + phase / 360 ) )

Again, if the option --no-smooth  is given, a trapezoidal function is used instead of a sine, resulting in a square
instead of a circle. The defaults for (cycle, amplitude, phase) are (10, 45, 0).
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--xyPan  — a circle (smooth) or square (non-smooth) in the xy-plane, camera watching the origin.
Mathematically:

x = amplitude × sin( 2π ( time / cycle + phase / 360 ) )
y = amplitude × cos( 2π ( time / cycle + phase / 360 ) )

pan = −(360 / 2π) · atan2(−y, −x)

Again, if the option --no-smooth  is given, a trapezoidal function is used instead of a sine, resulting in a square
instead of a circle. The defaults for (cycle, amplitude, phase) are (10, 3, 0).

--loop  — an aircraft inside loop. Mathematically:

x = amplitude × sin( 2π ( time / cycle + phase / 360 ) )
x = −amplitude × cos( 2π ( time / cycle + phase / 360 ) )

pan = −(360 / 2π) · atan2(−y, −x)

The defaults for (cycle, amplitude, phase) are (10, 3, 0).

--random  — put binary random data in all fields except sync pattern, packetNumber, frameNumber, time and
checksum.

--random-full  — put binary random data in all fields except sync pattern and checksum.

Examples

To generate test data where pan oscillates between −90 and +90 degrees with a period of 8 seconds and to send
it to serial port /dev/ttyS1  at a rate of 24 data frames per second (all other axes will be constantly 0) use:

sudo ./datagenerator -d/dev/ttyS1 -a90 -c8 --pan --fps 24

The same as above but additionally, the “running pre-programmed move” indicator bit is set between the 8th and
16th second. Hence, the second cycle of the pan oscillation is marked by that indicator bit. The backslash can be
used to split the command over several lines.

sudo ./datagenerator -d/dev/ttyS1 -a90 -c8 --pan --fps 24 \
--run-start 8 --run-end 16

Now the same as above but using ASCII output. Between the 8th and 16th second, each line is started with the
letter R  indicating that we are “running pre-programmed move”. Outside this period, each line is started with
the letter S .

sudo ./datagenerator -d/dev/ttyS1 -a90 -c8 --pan --fps 24 --ascii \
--run-start 8 --run-end 16

Remember that you can abbreviate each long option as long as it remains unambiguous. Consequently, the
following command is equivalent to the previous one:

sudo ./datagenerator -d/dev/ttyS1 -a90 -c8 --pan --fp 24 --as \
--run-s 8 --run-e 16
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To make the pan oscillate between −30 and +30 degrees with a period of 4.4 seconds and to put the crane at the
constant position (x, y, z) = (1, 2, 3) use:

sudo ./datagenerator -a30 -c4.4 --pan -a0 -o1 --x -o2 --y -o3 --z

To generate binary arbitrary data at a rate of 150 data frames per second and to generate a checksum error every
30 seconds (i.e. every 7500th data frame) use:

sudo ./datagenerator --random -f150 -e7500

29.4 datadisplay

This program displays the data export of TechnoDolly camera cranes in a human-readable fashion. The output is
written to standard output. The program can be seen as a binary-to-various-text-format converter which also
keeps track of communication errors. To invoke the program from the installation directory type

sudo ./datadisplay [OPTIONS]

To stop the program, just type Ctrl-C. The following command line options are recognized:

OPTION DESCRIPTION

-h , --help Show a detailed help screen.

-v , --verbose Increase verbosity.

-d DEV , --device DEV Read from character device or file DEV. Defaults to /dev/ttyS0 .

-s , --no-statistics Don’t display statistical information for each packet. Checksum errors,
however, are always written to the standard error stream.

-p , --no-packets Don’t display packet data.

-u , --no-unsynced Don’t display characters when the receiver is out of sync.

-x , --hex Show floats as hex values. Good for debugging.

-c , --columns Output raw column-based text. Each packet generates a line and each field
corresponds to a column. Good for interfacing to external programs. The
order of columns corresponds to the order of fields in CGIDataCartesian .

Examples

To receive data from an attached USB-to-serial converter and to print it to the screen use:

sudo ./datadisplay -d/dev/ttyUSB0

To receive data from the standard serial port and to write the output to a file output.dat  use (checksum errors
will still appear in the terminal window):

sudo ./datadisplay > output.dat
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To convert a binary file file.bin  to a simple space-separated ASCII file file.asc  use:

datadisplay -d file.bin -cs > file.asc

Here we don’t use the sudo  command because we simply operate on a regular file instead of the serial
interface.
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Appendix

A GPI/GPO CONNECTOR PINOUT — TD DESK

TechnoDolly series 511–520, TD desk. Connector: D-SUB 25-pin female. Drawing dated 27 Nov 2018.

Fig. 30  Rear panel of the TD desk with the GPI/GPO connector.

PIN SIGNAL PIN SIGNAL

1 GPO-1 (open collector) 14 GPO-1 GND

2 GPO-2 (open collector) 15 GPO-2 GND

3 GPO-3 (open collector) 16 GPO-3 GND

4 GPO-4 (open collector) 17 GPO-4 GND

5 GPI-1 18 GND

6 GPI-2 19 nc

7 GPI-3 20 nc

8 GPI-4 21 nc

9 nc 22 nc

10 nc 23 SHUTTER GND

11 SHUTTER INPUT 24 DA1 GND

12 DA1 25 DA2 GND

13 DA2

Pin numbering as seen on the female connector: pins 1–13 in the upper row (1 at the right), pins 14–25 in the lower
row (14 at the right). “nc” = not connected.
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B FEET AND INCHES TO METRES

Conversion table for TechnoDolly lens calibration (1 foot = 0.3048 m, 1 inch = 0.0254 m).

FEET METRES FEET METRES   INCHES METRES INCHES METRES

100 30.48 10 3.05 24 0.61 8 0.20

80 24.38 9 2.74 20 0.51 7 0.18

70 21.34 8 2.44 18 0.46 6 0.15

60 18.29 7 2.13 16 0.41 5 0.13

50 15.24 6 1.83 15 0.38 4 0.10

40 12.19 5 1.52 12 0.30 3 0.08

30 9.14 4 1.22 11 0.28 2 0.05

25 7.62 3 0.91 10 0.25 1 0.03

20 6.10 2 0.61 9 0.23

15 4.57 1 0.30

12 3.66
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