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There are many genres of natural history films, from the environmental film to the wildlife adventure, to the blue-
chip animal behavior film. 3D has the potential to make an important contribution to every one of these genres, 
increasing the impact and immediacy of the environmental film, upping the visceral quotient of the wildlife 
adventure, and vastly enhancing the immersive quality of the animal behavior film. With 3D movies dominating 
the cinema boxoffice and 3D television channels launching around the world, the time has come to take a serious 
look at 3D as an origination medium—even if the immediate market for a film is 2D. 
 
But there are a few things that make shooting a natural history film in 3D very different from shooting the same 
film in 2D. Foremost among these is the necessity to take into account the effect of depth and scale—two 
variables that 2D filmmakers may ignore but that 3D filmmakers can use to powerful effect. 
 
Depth 
 
The depth of an object in 3D refers to its position along the z-axis1. The negative z-axis extends beyond the 
screen plane into the viewer’s space and the posit ive z-axis extends beyond the screen plane into the 
screen space. The position of an object in negative or positive z-space is determined by the point of 
convergence of the optical axes of the left and right lenses of the 3D capture system. This point will determine the 
position of the screen plane relative to the object when the image is viewed with 3D glasses. When the left and 
right lenses are converged behind an object, the object will have negative paral lax. When viewed with 3D 
glasses, it will appear to be positioned along the negative z-axis—in the viewer’s space. And when the left and 
right lenses are converged in front of an object, the object will have posit ive paral lax. When viewed with 3D 
glasses, it will appear to be positioned along the positive z-axis—in the screen space. The lenses in Fig.1 are 
converged behind the lion and, when viewed with 3D glasses, the lion will appear to be positioned in the viewer’s 
space. The lenses in Fig.2 are converged in front of the gazelle and, when viewed with 3D glasses, the gazelle will 
appear to be positioned in the screen space.  
 
 
 
 
 
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         
 
    
      
  
           Fig.1:  Lion in Front of the Screen                   Fig.2: Gazelle Beyond the Screen 
 
______________________________________ 
1The position of an object on the vertical axis (y), the horizontal axis (x), and the depth axis (z) determines the position of the 
object in three-dimensional space. While 2D filmmakers are limited to positioning objects in the first two dimensions, 3D 
filmmakers may, in addition, position objects along the z axis—the dimension that 3D filmmakers refer to as “z-space.” 
 
 



  3 

 
 
 
 
 
 
 
 
 
 
 
 
      Fig.3: Negative Paral lax:  Perceived Peri l        Fig.4: Posit ive Paral lax:  Perceived Security 
 
 
A nature filmmaker can use negative and positive z-space to significant advantage in telling a dramatic story. The 
lion in Fig.3, filmed with negative parallax, appears to invade the viewer’s space, an effect that can cause the 
audience to feel uneasy. But the gazelles in Fig.4, filmed with positive parallax, appear to recede into the screen 
space—an effect that can give the audience a sense of security. 
 
Fortunately, depth decisions such as these do not need to be made in the field. Filmmakers who are short of time 
or are uncertain of the emotional or physical context in which their scenes will play can opt to shoot with their 
lenses parallel (unconverged), foregoing all convergence decisions in the field in favor of a depth-grading 
pass in post2. During the depth-grading pass the images from the left and right lenses are shifted horizontally 
relative to each other in order to produce the depth effect that the filmmaker wishes. If the images of an object 
from the left and right lenses overlap, then the object, when viewed with 3D glasses, will appear to be in 2D and 
to be positioned on the screen plane. Such an image is said to have zero paral lax. If the image of an object 
from the left lens is positioned on the screen to the right of the image from the right lens, then the object will have 
negative parallax and, when viewed with 3D glasses, will appear to be positioned in the viewer’s space. And if the 
image of an object from the left lens is positioned on the screen to the left of the image from the right lens, the 
object will have positive parallax and, when viewed with 3D glasses, will appear to be positioned in the screen 
space. 
 
Scale 
 
Unlike the depth decisions mentioned above, decisions regarding scale cannot be deferred to post. They must 
be made in the field. The scale (or apparent size) of an object in 3D is influenced by the interocular distance—
the separation between the left and right lenses. The interocular of the average adult is 2.3” (60 mm) and, when 
viewed with 3D glasses, objects that are captured with lenses whose optical axes are this distance apart will 
appear to be have the same size that have in real life. Such objects are said to be in orthostereo. By contrast, a 
very wide interocular—eight inches, for example---will cause the objects in the scene to appear to be miniaturized, 
suggesting the point-of-view of a giant observer whose eyes are eight inches apart. Such images are said to be in 
hyperstereo. And a very narrow interocular—half an inch, for example—will cause objects in the scene to appear 
to be gigantized, suggesting the point-of-view of a diminutive observer. Such images are said to be in 
hypostereo.  While the miniaturizing effect of hyperstereo can be disorienting to viewers watching a film that 
strives for a naturalistic effect, the gigantizing effect of hypostereo is readily accepted by viewers of naturalistic 
films. This is likely a result of the fact that we routinely observe small, close-up objects that, to our eyes, have 
significant stereo depth, while—due to the progressive attenuation of our stereo perception as distance 
increases—we are unable to perceive significant stereo depth in distant objects. A lion that is small in the frame, 
yet has significant stereo depth, is perceived by the eye-brain system of the viewer to be a miniature lion that is 
close to the camera3. 
__________________________ 
2In addition to the emotional context of the scenes, the physical context of a 3D production must be taken into account during 
the depth-grading pass. Unless the convergence levels of the film are adjusted, a lion that looms a foot or two into a viewer’s 
living room could extend all the way to the back rows of a typical multiplex. For each projected 3D venue, whether cinema, 
television, computer screens, or mobile devices, a separate depth-grading pass is required. One day soon, perhaps, program 
parameters such as convergence, color, contrast, and brightness will be adjusted in situ by display detection-and-adjustment 
programs that are embedded in the program software. And when that day comes, directors and DPs will be able to see their 
work displayed on cinema screens, TVs, computers, and mobile devices with the image and depth parameters that they 
intended. 
 
3The miniaturization effect is exaggerated if wide-angle lenses are combined with a wide interocular. The hyperstereo effect of a 
wide interocular can be mitigated to a degree by the use of long lenses, which increase the relative size of the objects in the 
frame. But at the same time, long lenses are likely to contribute a shallow depth of field; and they may also produce distracting 
“cardboarding” effects (see below). Since these artifacts can’t be corrected in post, wide interoculars and long lenses should be 
approached with appropriate caution by 3D nature filmmakers. 
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Caveats 
 
The device of rack focus, a favorite of 2D nature filmmakers, can produce effects that 3D nature filmmakers 
may do well to avoid. The human eye-brain system reacts differently to 3D images than it does to 2D images, and 
viewers will automatically attempt to resolve any obvious soft-focus elements that appear in the foreground or 
background of a 3D image. Because of this, scenes with a shallow depth of field can be very difficult for viewers 
to watch. As a consequence, 3D filmmakers generally opt for lenses with a relatively wide depth of field, avoiding 
longer lenses in favor of those with close-to-normal focal lengths. Though long lenses were once a staple of 
natural history film production, in 3D they have more than one strike against them. In addition to contributing a 
shallow depth of field, they can introduce an annoying cardboarding effect—conveying the impression that the 
objects in the scene are cutouts, pasted on theatrical flats. 
 
Annoying motion art ifacts,  such as those introduced by the theatrical frame rate of 24 fps and the television 
frame rates of 25 and 30 fps, are significantly exaggerated in 3D. For this reason, filmmakers working in 3D 
generally opt to move their cameras as slowly as possible, and—wherever possible—to film subjects that are also 
moving slowly. Though controlling the motion of their subjects is a luxury that few nature filmmakers enjoy, jarring 
motion artifacts can be minimized if the camera is positioned so that fast-moving subjects move at a diagonal to 
the plane of the lenses. 
 
Like the long lens, the zoom shot has gone out of fashion in nature filmmaking. But in 3D the zoom shot is not 
only unfashionable; it can introduce troublesome artifacts. At the wide end of the focal range of the zoom lens the 
objects in the scene may appear to be miniaturized, while at the long end of the focal range the same objects may 
appear to have increased in size and to have been flattened into cardboard cutouts. At the same time, soft-focus 
objects in the background may cause the audience eyestrain as they attempt to bring them into focus. In 
summation, unless a surrealistic effect is desired, 3D nature filmmakers may do well to use zoom lenses simply 
as a way to switch focal lengths without having to bother to change lenses. 
 
In addition, because the reading t ime of 3D images is longer than the reading time that viewers require to scan 
and process the same images in 2D, nature 3D filmmakers should make sure that the shots they capture in the 
field play for up to twice the duration they would play in 2D—a rule that carries through to the cutting pace in post. 
 
But there is more:  Because 3D cameras take longer than 2D cameras to set up in the field, and because the 
management of the data in post is more time-consuming, it is safe to estimate that a 3D film will take 50% longer 
to shoot than a comparable 2D film and will cost 50% more to produce.  
 
Camera Options 
 
When cost and logistics are not impediments, 3D nature filmmakers may wish to consider using compact 
cameras like the Alexa-Ms or the Red Epics, mounted in an over-under or side-by-side (beam-splitter) rig (Fig.5). 
The one-inch+ dimensions of the sensors of these cameras deliver a shallow depth of field—a negative rather 
than a plus for many 3D filmmakers. But these sensors are rated at 5K and higher, which makes them capable of 
outputting images with a resolution of 3K or more—a resolution that is appropriate for productions designed for 
2K or 4K digital cinemas. On the downside, however, the rental or purchase of these cameras and the 3D rigs 
they require can be an investment that nature productions for television are unable to afford. 
 
 
 
 
 
 
 
 
 
 
      
          
 
            
 
        
    
            Fig.5: Red Epics in over-under r ig                            Fig.6: Panasonic AG-3DA1 
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Fortunately, more affordable options are now available for 3D nature filmmakers. In 2010, Panasonic introduced 
the AG-3DA1, which sells for around $19,000 (Fig.6). This is a twin lens, fixed interocular 3D camcorder with a 
5.6x zoom, six ¼” CMOS sensors, a fixed 60 mm interocular, and the ability to record all the current formats of 
HD at 24 Mbps, capturing the data on two inexpensive SDHC memory cards using long GOP 4:2:0 AVCHD 
interframe compression. 
 
In fall 2011 Panasonic will ship a more advanced twin lens 3D camcorder, the AG-3DP1. This camera (Fig.7), is 
likely to sell for around $30,000 and is based on the architecture of the Panasonic AG-HPX370. It features a 17x 
zoom, six 1/3” CMOS sensors, a fixed 60 mm interocular, and the ability to record all of the current formats of HD 
at bitrates up to 100 Mbps, capturing the data on two P2 memory cards using 4:2:2 AVC Intra intraframe 
compression.   
 
Also in fall 2011, Sony will ship the PMW-TD300. This camera (Fig.8) has a projected price of $33,000 and is 
based on the architecture of the Sony PMW-EX3. It features a 10x zoom, six ½” CMOS sensors, a fixed 45 mm 
interocular, and the ability to record all of the 1080i and 1080p formats at bitrates up to 35 Mbps, capturing the 
data on two SxS cards using long GOP 4:2:0 AVCHD interframe compression. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                     Fig.7: Panasonic AG-3DP1                        Fig.8: Sony PMW-TD300 
 
 
The narrower interocular of the Sony PMW-EX3 relative to that of the Panasonic AG-3DP1 (45 mm vs. 60 mm) 
permits the camera to shoot in quasi-hypostereo mode, with a minimum convergence distance of 3.5 feet. While 
that’s not close enough to put a rhinoceros beetle next to your nose, its close enough to put a meerkat in your lap. 
Its intraframe compression, its 4:2:2 chroma sampling, and its 100 Mbps bitrate may seem to give the Panasonic 
AG-3DP1 an edge in image quality over the Sony PMW-TD300. But the bigger sensors of the Sony are a plus, 
since the larger photosites on these sensors could produce images with lower noise and a wider dynamic range. 
Ultimately, side-by-side tests will be needed to determine which of these two new cameras offers the highest 
quality 3D images.  
 
Because of the narrow interocular of the lenses on these cameras—a separation that approximates that of the 
average human eye--they produce their most effective 3D images when the target of interest is no more than 
about twelve feet from the camera. Though this limitation might be daunting to nature filmmakers who are 
accustomed to using long lenses, the requirement for near-distance shooting accords with the current style of 
natural history cinematography—a style in which the camera is in an intimate relationship with the subject. And for 
wide shots (required to put a story in context) and macro shots (needed to capture a story’s smaller players) 
the option exists to shoot in 2D and then convert these shots to 3D in post4. 
 
Though the camcorders above may serve as the primary capture devices for a 3D shoot, one of the real mainstays 
of nature productions—the overcranked shot—is, unfortunately, beyond the reach of these devices. Instead, for 
slow-motion cinematography in 3D, a rig equipped with cameras like Vision Research’s PhantomHDs may be 
required. These cameras, which are capable of recording at speeds up to 1,000 fps, can slow a charging cheetah 
down to a leisurely loaf. 
_________________________ 
4It is useful to bear in mind that good 2D-3D conversions can cost from $10-50K per minute. At those rates it is not something 
you are likely to want to do a lot of, especially if you are shooting for television. Before choosing to shoot establishing shots and 
macro shots in 2D and converting to 3D, it is a good idea to compare the cost of conversion with the cost of shooting the shots 
with 2D camcorders like the Sony PMW-EX3 or the Panasonic AG-HPX370 in a rented 3D rig. A wide shot of a mountain valley or 
a kopje-dotted savanna may suffer from a degree of miniaturization if shot with a wide interocular. But the effect is not likely to 
be disturbing to your audience as long as you are careful to leave your protagonists out of the shot. 
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Formats 
 
Nature filmmakers who wish to avoid interlace artifacts in order to capture the smoothest possible motion may be 
tempted to choose the Panasonic camcorders and to shoot in progressive-scan 720p50 or 720p60 mode instead 
of opting for interlace-scan 1080i50 or 1080i60. However, with the exception of a few dedicated sports channels, 
the majority of 3D broadcasters around the world, including SKY 3D in the UK and the n3D and 3net channels in 
the US, transmit in side-by-side (SbS)1080i. As a result, 3D filmmakers who choose to capture in 720p50 or 
720p60 for 1080i broadcast can enjoy the advantage of 50% slow-motion when their films are converted to 25 
fps or 30 fps, but the interlace artifacts they hoped to avoid will, unfortunately, be introduced in the scan 
conversion. 
 
The Future 
 
The near-term roadmap for digital cinema envisions 3D4Kp48 capture and display, while the roadmap for 
television calls for 3D broadcasts at 1080p50 and 1080p60. Though it is currently possible to originate and 
display in 3D4Kp48 for theatrical release, no TV channels are currently broadcasting 1080p50 or 1080p60, and 
few cameras will shoot in these formats. But TV is not likely to abandon the competition with cinema that it has 
waged for six decades. And within the next few years 3D camcorders that capture in 1080p50 and 1080p60 are 
likely to replace the interlace-format cameras described above.  
 
That will, of course, mean selling your cameras on Craig’s List. But, in technology as in nature, nothing lasts 
forever. 
 


