
 

 

 

 

 

 

 

S H O O T I N G  F O R  S T I T C H I N G  

Updated 10-05-2016  

 

  



2 

Shooting for Stitching Introduction 
Stitching is the process by which multiple images of the same subject, often shot from different points in 

space, are blended together to create the illusion of a single continuous image. Several photographic 

techniques incorporate stitching. For example, gigapixel photography and traditional landscape panoramic still 

photography use stitching processes.  

 

As a result, several tools for stitching have been in existence for many years before the recent popularity of 

360 video. Panorama Tools, or Panotools has been around in some form or another since 2001. It is a free, 

command line tool, for creating panoramas. It is also the underlying basis for another popular but paid 

panorama stitching program, PTGui. Playing around with still images in a trial version of PTGui or PanoTools is a 

great way to become familiar with the stitching process.  

 

There is an abundance of literature on the topic of panoramic photography. A few sources have been cited and 

referenced at the bottom of this document. It is quite critical to do some research and have a basic familiarity 

with panoramic and wide angle lens photography before embarking on a 360 video shoot. Some basic camera 

terminology follows: Camera nodal point, parallax, focal length, fish-eye distortion, field of view, moiré. Basic 

visual effects terms to know: blend, warp and optical flow.  

 

The goal of stitching is to blend images together in spite of the fact that they have been photographed from 

different perspectives. This perspective difference, or parallax, creates disparity in images that must be 

compensated for by warping, blending, optical flow, or other pixel pushing techniques.  

 

Consider the following set of image pairs. The pairs represent a photograph of an identical subject from two 

different points in space. Note, that these camera sensors’ nodal centers were merely 65mm apart from one 

another. This shows the immense discrepancy generated by even small nodal separation. In an ideal world, if 

our intention was to stitch these images, we would rotate the camera around its nodal center before capturing 

the next image. Since we are discussing video, rotating the camera is not an option, thus stitching is our 

alternative.  

 

 

Left Eye and Right Eye images of same subject. Source: OZO 

 

Part of the image discrepancy is due to the warping that is caused by fisheye lenses. But, we can see that even 

if we de-warped the images to cancel out any fisheye effect, the images could not possibly be aligned perfectly 

because of parallax differences. There is occluded background information and the entire perspective is 
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different both on the person in the foreground and on the geometry of the buildings in the background. 

Regardless of how the vertical and horizontal lines are bent or warped, there is information in one eye that 

cannot be replicated by the other eye.  

 

 

Image is different in each eye, occluded background objects, disparate geometry.  

 

Stitching attempts to accomplish with blending, warping and other image processing techniques, what cannot 

be done by rotating the camera around its nodal point. Stitching attempts to make the differences between the 

images invisible. As the challenges involved are inherent to optics and physics, the ability of software to solve 

these challenges is limited. Software may one day accomplish seamless blending of all images in all contexts, 

but it hasn’t done so yet.  

 

Consequently, shooting for stitching should be the main technical focus of any 360 video production. Stitching 

is by far the most expensive and complex part of 360 video post-production. Shooting with your stitching in 

mind can potentially save quite a bit of time and money and allow you to more effectively realize the goals of 

your shoot. It will help to know some basics about the OZO camera, OZO Remote and the post processing 

software, OZO Creator.  
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Camera Overview 

 
Diagram showing seams, monoscopic shadow and key distances 

 

The OZO camera is a 3D, 360-degree virtual reality camera that consists of eight 2048 x 2048 (2K x 2K) 

sensors, with approximate sensitivity of ISO 400.  Each sensor is paired with a wide-angle 195-degree FOV lens, 

and captures images that overlap adjacent sensors to provide natural stereoscopic views.   Cam1 (Side L), Cam2 

(Front L), Cam3 (Front R), and Cam4 (Side R) represent the four camera views around the “equator” of the OZO.  

Cam 5 (Top L), Cam 6 (Top R), Cam 7 (Bottom L) and Cam 8 (Bottom R) complete the 8 OZO camera viewpoints. 
 

By design, the camera captures stereoscopic 3D imagery through approximately 260 degrees (+/- 130 degrees 

from center) oriented to the camera front and sides, with the balance of the 360 degree field of view captured 

with monoscopic (2D) imagery. There is also a small “shadow” of space, ending about 3’ behind the camera, 

where information cannot be captured.  

 

Each lens captures approximately 60 degrees of an overlapping area with the adjacent lenses. This overlap 

allows OZO Creator to blend the two images together. This overlap area is visualized in the SEAM OVERLAY 

VIEW in OZO Remote.  
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Example of the seam overlay view. Seams are designated with magenta.  

 

SEAM OVERLAY VIEW 
The seam overlay view shows which segments of the final image will be comprised partially of two adjacent 

images. These segments are known as the “interpolated” areas. These interpolated areas are also often 

referred to as the “stitched” or “seam” areas and will be generated by OZO Creator.  

 

OZO Creator uses adjacent images to generate an interpolated perspective shift between cameras. Depending 

on the settings chosen, OZO Creator uses combinations of blend, dissolve, warp, and optical flow algorithms 

to generate this area. Static elements will be blended and warped. In the “high quality stitch,” subjects that 

move through interpolated areas will be dynamically corrected using optical flow algorithms. What this means is 

that moving subjects in seams are computationally intensive and can create unpredictable interpolated results. 

Knowing how to minimize optical flow artifacts and stitching abnormalities can save a lot of time and effort in 

post-production.  

 

Also, some shots will get a better result from the “normal” or “fast” stitch than the “high quality” stitch. Certain 

images do not fare well under optical flow analysis and these images will have fewer artifacts when passed 

through a simple warp and blend like OZO Creator’s “fast” stitch.  

 

The seam areas can be changed in both their location and width. The seams can range anywhere from 50 

degrees to 2 degrees in width. The middle point of the seam can also be adjusted by approximately 50 degrees, 

depending on the specified width. It may be beneficial to adjust the seam areas based upon the subject of the 

image. Please note that in OZO Remote, adjusting the seam areas does not have an impact on anything in post-

production. It is merely a visual tool to assist with on-set decisions.  
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BRIEF STITCHING METHODOLOGY 
Blend/Warp vs. Optical Flow: In OZO Creator you have two “quality” options for stitch, Normal (fast) and High 

(slow).  Rather than differentiate them with a quality distinction they can better be defined by how they work.  

 

Normal mode will do a simple geometric warp, transform and blend. This is to say that every frame will be 

blended in the same way, regardless of image content. The software uses camera calibration metadata to apply 

the appropriate warping and distortion to create a mathematically correct panorama, and applies this template 

to all frames in the video stream. It is much faster and less computationally intensive because it is calculating 

only one set of transforms and applying those to all frames. It is not calculating unique values for each frame. 

So OZO Creator can often do a better job of a warp/blend stitch than other programs because each OZO is 

calibrated in factory and the software draws on those calibration values when creating a stitch. The picture 

below shows a conventional example of a warp grid. It is illustrative of the type of processing that happens in a 

geometric, de-warp.  

 

 
Visual representation of a warp template applied to 6xsquare images.  

Source: http://blenderartists.org/forum/archive/index.php/t-363053.html 

 

Alternatively, High (slow) mode will apply further image processing after a simple warp/blend from fisheye 

imagery to equirectangular/latlong imagery has been applied. This uses optical flow algorithms and other 

processes to blend moving imagery into a best estimation of a seamless panorama. While the results from High 

(slow) tend to be “better,” than those from “Normal (fast),” this will not be true in every case. Situations that 

confuse optical flow algorithms will often appear more pleasing out of a Normal (fast) stitch. The Normal stitch 

has the added benefit of being less computationally intensive, and thus much faster. These optical-flow-

confounding situations will be discussed in detail later in this document.  

http://blenderartists.org/forum/archive/index.php/t-363053.html
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Difficult Stitching Conditions 

This section will attempt to describe the most common situations that create stitching artifacts and 

problems. It is by no means a comprehensive list.  

Close foreground objects 

Stereo misalignment: The OZO will be able to create good stereo imagery for objects that are more 

than 3 feet away from the camera. However, objects closer than 3 feet to camera will not appear 

well within the context of stereographic imagery. This principle can be simply illustrated by holding 

your finger 6 inches in front of your nose and moving it back and forth. As your finger moves closer 

to your nose, it will appear to double as your right eye and left eye don’t have enough overlapping 

visual information about it to create a stereo image in your head. This phenomenon, normally 

referred to as “cross-eyed,” also occurs with OZO. 

Lack of information for stitching: For similar reasons, subject imagery that is closer to the camera 

could cause difficulties in stitching. This is caused by a few things. The visual difference in what is 

seen by adjacent camera sensors is much greater for very near objects. Also, an object moving at a 

constant speed will move over far more pixels per second in a video stream if it is close to camera 

vs. far from camera. 

 

Red Circle subject is too close creating “cross-eyed” condition 
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Motion Through Seams 

Objects moving through seams in fairly close proximity to the camera will often present challenges 

for OZO Creator. The most common case is a foreground person walking around the camera. As the 

person walks through a seam, OZO Creator will utilize information from adjacent camera sensors on 

either side of the person to generate a mathematical estimation at what the motion and the person 

SHOULD look like. OZO Creator typically does an excellent job, but will rarely estimate perfectly and 

as a result the image will almost always need to undergo some form of visual effects clean up.  

High Contrast and Frequency 

High contrast and high frequency subjects will exacerbate the above issues. A person wearing a dark 

shirt on a sunlit beach will create larger artifacts than the same person wearing a white shirt or tan 

shirt. Additionally, if the person has high frequency clothing, like plaid or stripes, this can confuse 

the stitching algorithm. If it is a moiré risk, it will also be a stitching and processing risk.  

 

high contrast foreground on low contrast background 
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Irregular Camera movement  

Camera movement can be done very successfully in 360 video but the general experience is vastly 

different from conventional video. For optical-flow-based stitching, faster movement, non-linear 

movement and non-constant movement are generally harder to stitch.  

For example, a hand held camera will be doing several different kinds o f movement (horizontal, 

vertical, and even z-axis movement) at different rates of acceleration, deceleration and velocity. 

Because it is human-controlled, the movement is unpredictable, inconstant and non-linear. As a 

result, stitching a handheld shot can be exceedingly difficult. On the contrary, a slow telescoping 

shot from a Technocrane or a slow cable-cam shot can work very nicely and stitch well. In some 

situations, stitching camera movement with Normal (fast) stitching will deliver better results more 

quickly than using High (slow).  

For example, consider a shot where a camera is moving through a large room where the walls are far away, with 

one person moving in an arc in close proximity but in the opposite direction of the camera. The person is 

wearing a black and white striped shirt and the walls are gray. The walls, while moving in each frame, will most 

likely look good with only a geometric warp/blend. The person, on the other hand, will most likely confound the 

optical flow algorithm. In this case, the fastest and easiest way to stitch this shot might be to do the following: 

 Export using a Normal (fast) stitch.  

 Export separate frames per lens where the person is in a seam area.  

 Rotoscope or perform additional visual effects work for those frames only.  

In essence, cut the person out of the background for those frames that are different in each lens 

and composite them into the warped/blended background.  

 

 

Example of a camera support that will require controlled movement and stabilization in post production 
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Best Practices 

Shooting for stitching can then be defined as designing a shoot with the intention of minimizing 

stitching artifacts. Many shooting techniques can minimize stitching artifacts.  

Preproduction: Think about costume choices ahead of time. Avoid clothing that can create moiré 

patterns and high frequency artifacting. Think about the lighting and tone design of a shot. In 

general, for stitching and image quality, the OZO camera performs better in a lower contrast lighting 

scheme. This is not to say that you should avoid high contrast lighting, but to suggest that it should 

be a planned choice to introduce large amounts of contrast, especially if those contrasting subjects 

are moving.  

Camera movement: As a general rule, camera movement should be tested ahead of time. A proper 

test will involve the intended camera support or method of movement at different speeds. It is 

often desirable to move the camera more slowly than habit would indicate. After shoo ting at 

different speeds, several seconds of footage should be put through the entire stitching portion of 

the post production pipeline in both normal and high stitching modes. These two variables, speed 

and normal/high stitching should be compared critica lly before arriving at an optimal movement 

method. Camera movement for OZO is more thoroughly discussed in the “OZO And 360 Camera 

Movement” document. 

Rehearsing and blocking: Rehearsing and blocking can save time, money and aggravation in post -

production. Often, a shot can be constructed that avoids movement in seam areas. Try to place the 

camera and rehearse carefully. Try moving the seam widths and locations in the seam overlay view 

to avoid putting an actor or moving subject in a seam area or move the s eam areas away from them.  

 

Stitch Overlay View with moving subject in seam area 
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Stitch Overlay View with seams adjusted by width and center point to avoid stitching on figure and movement. 

Plates: An entire chapter could be spent on shooting and using plates. If you are planning on a more 

sophisticated VFX pipeline it can often be advantageous to shoot a back plate by pointing the 

camera 180 degrees from its primary shot orientation.  

 

Notetaking and meta-data: Knowing that stitching will be the primary goal of your post-production pipeline, 

emphasize this in your on-set data gathering processes. This can involve anything from screenshots of the 

seam overlay view in OZO Remote to more extensive note taking. It can be a good idea to note depths of any 

moving foreground subjects. Note shots that will be harder to stitch so editorial can begin working on them 

sooner.  

Conclusion 
The most important point of this document is to emphasize the value of testing and forethought. Test your 

shoot ahead of time in the context of a stitching post production pipeline. Shooting for stitching does not need 

to be intimidating but merely prioritized at the start of any project. None of the methods described above are 

absolute and in fact, should be questioned and brought to more scrutiny over time and trial. The tools at one’s 

disposal for stitching are ever-changing and improving. Therefore, the requirements of a shoot will necessarily 

change in tandem.  

 

OZO and OZO Creator provide the first-ever purpose built stereo stitching pipeline. The tools provided are the 

only tools built for making stereo 360 video and not merely the repurposing of archaic or different methods. 

The OZO and OZO Creator pipeline will generate superior stitched stereo footage to any other method. While it 

may require more effort than a conventional 2D shoot, the effort will be rewarded with technically tight and 

stereographically rich imagery.  

 

Stitching and Nokia’s post tools can improve quickly and consistently with the benefit of testing and user 

suggestion. Please do not hesitate to test all principles and provide feedback to our team via the OZO Forum.  
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Bibliography, additional reading and references 
Cursory overview of relevant optic concepts: https://en.wikipedia.org/wiki/Entrance_pupil 

Parallax: https://en.wikipedia.org/wiki/Parallax 

Moire: https://en.wikipedia.org/wiki/Moir%C3%A9_pattern  

PTGui Tutorials: https://www.ptgui.com/examples/   

 

https://en.wikipedia.org/wiki/Entrance_pupil


 

 

 


