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What is the Time Filter?

Motion picture cameras have a problem with time.  Wheels appear 
to spin backwards, picket fences and brick walls jump across the 
screen, and helicopter blades look, well, just wrong.   For a century, 
it's just been accepted that 24 frame-per-second imaging would 

simply do these things, and there was nothing to fix it.  
Tessive has an answer to this: the Tessive Time FilterTM.  It is an entirely new way to 
represent motion in regular digital motion picture cameras.  It's a dynamic filter that is placed 
in front of the lens and is synchronized with frame acquisition.

It corrects temporal aliasing in-camera, without loss of sharpness.
It turns out that this problem (sometimes called the wagon wheel effect, but known officially as 
temporal aliasing) is related to two things: the frame rate as well as the way the shutter works.

Most people concentrate only on the frame rate, usually 24 frame-per-second (fps), but that 
just determines how 
fast and in which direc-
tion a wagon-wheel will 
rotate incorrectly.  The 
real action is in the shut-
tering of the camera. 
The Tessive Time Filter 
is a secondary shutter 
attached to the front of 
a digital motion picture 
camera.  It consists of 
a liquid crystal shutter 
that slips right into the 
matte box just like any 
filter and an electronic 
control box that controls the Time Filter, synchronizing it with the digital camera. Just set the 
camera to a 360-degree shutter angle and let the Time Filter take over shuttering.  

What’s wrong with cameras now?
A normal camera shutter transitions from closed (no exposure) to open (full exposure) in-
stantly, creating a sharp edge in sensitivity over time.  When it closes, it likewise transitions in-
stantly.  These sharp transitions occur regardless of the shutter angle; only the timing between 
opening and closing changes.  These edges cause temporal aliasing.

The 4” × 5.65” Time FilterTM and Controller
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How Does it Work?
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Normal 180° Shutter Tessive Time Filter

Plots of the exposure 
of a normal shutter 
and the Time Filter 

over the course of a 
single frame.

The Tessive Time Filter attaches in front of the lens in the filter holder.  If we set the camera 
to a 360-degree shutter, it will be sensitive to light for the entire time of the frame.   The Time 
Filter is synchronized to the sensor, and during the frame it transitions from opaque to clear 
and back to opaque in a smooth, gradual way.  So for each frame, the sensitivity of the camera 
system fades in and fades out.

Put simply, it’s a secondary shutter that is synchronized with the camera and 
can create new, smooth exposure window functions.

The best way to talk about the effect of a particular exposure window is to look at how it 
changes the camera’s ability to represent things in motion.  For instance, a 360-degree shutter 
tends to make the scene look more smooth, and even a little dreamy, while a very short shut-
ter angle, such as a 4-degree shutter, will make a scene look very crisp and choppy, almost 
stop-motion in appearance.  The 180-degree shutter is the usual compromise between choppy 
and smooth sequences.  It splits the difference between choppy aliasing while still rendering 
reasonably sharp response to motion.

The Tessive Time Filter introduces an entirely new adjustment to the shutter.  Rather than just 
open and closed, we have a whole range of illumination in between. The exposure window 
produced is a precise mathematical function that has been calculated to optimize a camera’s 
response to motion.  The result is a greatly improved signal-to-noise ratio in the acquired im-
ages.  We now have a more accurate representation of motion, with images that are simulta-
neously sharper and smoother, terms that are typically considered to be contradictory.  They 
are smoother because the undesirable aliasing has been dramatically reduced, and they are 
sharper because the frequency response in the baseband is retained.
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Time Filter Examples
In this example, the Tessive Time Filter 
is used while filming a rotating disk with 
a multi-frequency pattern on it. The 
disk is rotated to produce different 
temporal frequencies.  
The disk has three regions: 
the inner red ring has 8 
cycles, the green ring 
has 14 cycles, and the 
blue ring has 15 cycles. 
Overlaid on these rings 
is a simple wedge shape.  
When the disk rotates at 5 
rotations per second, the 
frequencies are 40 hertz (Hz) 
for the red ring, 70 Hz for the green 
ring, and 75 Hz for the outer blue ring. 
All these frequencies are greater than 

the 12 Hz maximum rate of the 24 fps 
camera.
In the normal 180-degree shutter, 

the aliased frequencies are so 
dominant that it is difficult 

to determine what is 
really happening. The 
dark wedge is almost 
completely obscured 
by the false motion 
patterns, and rotation 
direction and speed are 

not apparent. The Tessive 
Time Filtered version shows 

the correctly blurred rings, just 
as the disk appears in real life, and 

the direction of rotation is easily seen 
by the dark wedge spinning.
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Time Filter Examples

Footage following a 
bicycle behind a chain 
link fence.  The normal 

shutter produces the 
unnatural pattern made 
by the chain link, while 

the Time Filter creates a 
more accurate image.

Shot using a RED ONE camera, 24 fps.  Top image at 180-degree shutter, bottom image with the Time Filter.  
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Time Filter Examples

Shot using a RED ONE camera, 24 fps.  Top image at 180-degree shutter, bottom image with the Time Filter.  

Trees in the background 
and the spokes of the 
wheels are more natural 
and less distracting 
when seen in motion.
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Why does it work?
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Tessive System

180º Shutter

360º Shutter

Nyquist Frequency (12 Hz)

Motion picture cameras acquire images se-
quentially in time, with each image repre-
senting a sample of the real world in time. 
This type of system can be considered a 
time-sampling system, and the performance 
of such a sampling system can be analyzed 
and predicted with the well-known Nyquist-
Shannon sampling theorem.  

The Nyquist frequency is defined as half the 
sampling frequency.  For example, in a 24 
frame per second (24 cycles per second, or 
24 Hz) motion picture camera, the Nyquist 
frequency would be 12 Hz.  

A well understood property of sampling sys-
tems is aliasing, which the Nyquist-Shannon 
theorem predicts will 
occur when real-world 
signals with frequen-
cies above the Ny-
quist frequency are 
sampled.   Any real 
world signal frequen-
cy above the Nyquist 
rate cannot be re-
corded by the system 
and will be aliased, or 
shifted, into another—
false—frequency that 
can be represented 
by the sampling sys-
tem.

Since motion picture 
cameras are sampled 
systems, aliasing can 
and does occur when 
the real-world fre-
quencies exceed the 
Nyquist rate.    Alias-
ing in time sampling 
is known as temporal 
aliasing. 

It is therefore extremely desirable to limit 
real-world frequencies which are above the 
Nyquist rate from entering the camera.  The 
shuttering system is responsible for this.

There is a direct mathematical relationship 
between the way the shutter works and the 
frequency response of the system.  The pat-
ent pending Tessive Time Filter System has a 
continuously varied exposure which creates 
a prefilter with a response that reduces alias-
ing frequencies.  The following figure shows 
the resulting frequency response, compared 
to a normal 180° or 360° shutter.  The result 
has substantially less response above the 
Nyquist frequency while retaining sharpness 
in the real-world baseband. 
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Specifications
Physical

Filter sizes Option of:  4” × 4”, 4” × 5.65”, 6.6” × 6.6”

Filter material Glass with poly polarizers

Filter cable length 50” (1.27 meters)

Included filter holder Original equipment filter holder for major matte box 
suppliers modified to allow cable passage

Controller dimensions 5.125” long × 3.5” wide × 1.25” thick 
(130 mm × 89 mm × 32 mm) 

Calibration wand 
dimensions

7” long × 1.75” wide × 0.56” thick 
(178 mm × 89 mm × 14 mm)

Included case Hard carry and shipment case

Controller mounting 1/4”-20 threaded mount point

Power

DC power input 10V-36V DC, 250 mA typical

Included power 
adapter

100-240 VAC, 50/60 Hz

Included DC power 
cable

Option of:  PowerTap cable, RED ONE accessory 
power cable, ARRI RS, or flying leads for user 
termination

Synchronization

Camera synchro-
nization

Accepts SD or Tri-level genlock input-either from a 
sync generator or the video output from the camera.  
Also supports dedicated digital outputs from many 
cameras (notably ARRI ALEXA and RED EPIC).

Supported genlock 
formats

480i, 480p, 576i, 576p, 720i, 720p, 1080i, 1080p

Supported framerates 23.97 fps through 60 fps (1-60 fps with digital sync)

Sync connector BNC for genlock, custom LEMO for digital sync

Control

Exposure window 
functions

User selectable

Configuration storage Running parameters retained over power cycle, four 
programmable presets

Interface Backlit LCD with keypad

Camera Requirements

Synchronization Ability to provide or accept genlock synchroniza-
tion.  If the camera can output a video signal, this 
can be used by the Controller for synchronization.  
More typically, a third-party sync box is used to 
synchronize both the camera and the Tessive Con-
troller.  Specialized digital synchronization allows 
support for overcranking and undercranking.

Filter holder Matte box or filter holder. Tessive will supply a 
modified original equipment filter holder for your 
matte box.

Shutter Camera must be capable of a 360-degree shutter 
exposure.

Exposure loss Approximately 2 stops

Optional Software

Software supported Apple Final Cut Studio for Tessive Time Com-
pensator

Contact Information

Mailing address:
Tessive LLC
PO Box 819

Los Alamos, NM 87544

email:  info@tessive.com

Phone:  505-500-4837

For more information about the 
Tessive Time Filter, including technical 
whitepapers, ordering information, and 
demonstration footage, please visit our 

website at:

www.tessive.com

Tessive and the Tessive Time Filter are trademarks of 
Tessive LLC.  RED and the RED ONE are registered 
trademarks of RED Digital Cinema Inc.  ARRI and the 

ARRI ALEXA are registered trademarks of ARRI Group. 
Apple and Final Cut Studio are trademarks of Apple Inc. 

Tessive LLC is not affiliated with RED Digital Cinema 
Inc., ARRI Group, or Apple Inc.  All specifications subject 

to change without notice.


