
Building the world of AVATAR meant inventing effects like you’ve never seen before. by Frank Rose
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JAMES CAMERON IS STRIDING across a 
vast soundstage in Playa Vista, an ocean-
side district of Los Angeles. This enor-
mous, near- windowless building used to 
be part of Hughes Aircraft, turning out 
parts for fighter planes during World War II.  
Next door is the hangar where Howard 
Hughes built his “Spruce Goose,” the gargan-
tuan flying boat that took so long to construct 
that the war was over before the craft made 
its one and only flight. Now it’s March 2008,  
10 years almost to the day since the Titanic 
director took the stage at the Oscars, shook 
a gold statuette over his head, and notori-
ously declared himself you-know-what. Like 
Hughes, Cameron has been toiling away 
for years on an epic project some feared 
would never reach completion: a $250 mil-
lion spectacle called Avatar. ! !Even 
by Hollywood standards, Avatar is movie-
making on a colossal scale. A sci-fi fantasy 
about a para plegic ex-Marine who goes on 
a virtual quest to another planet, it merges 
 performance- capture (a souped-up version 
of  motion- capture) with live action shot in 
3-D using cameras invented by Cameron. If 
all goes according to plan, on December 18 
Avatar will dissolve the boundary between 
audience and screen, reality and illusion—
and change the way we watch movies for-
ever. “Every film Jim has made has soared 
past the envelope into areas nobody even 
imagined,” says Jim Gianopulos, cochair 
of Fox, the studio behind both Titanic and 
Avatar. “It’s not enough for him to tell a 
story that has never been told. He has to 

Guide to Pandora AT-99 Mosquito-Class Gunship

FIELD NAME Scorpion
NA’VI NAME Kunsip
MANUFACTURER Chippawa Aerospace
SIZE 11.17 meters long, 8.72 meters 
wide, 3.51 meters high
SPEED 100-knot cruising, 140-knot  
top speed
RANGE 800 kilometers
GENERATOR Twin Magnussen KE-76 
turbines produce 1,970 shaft hp

PROPULSION Dual coaxial,  ducted-fan 
rotor systems with four 5.49- meter, 
three- blade prop- rotors
WEAPONRY Two Fang-7, gimbal-
 mounted, double- barrel .50- 
caliber guns; eight Hawkeye air- 
to-air missiles; four TK-411 air- 
to-ground rockets
FUNCTION Escorting orbital shuttles 
and providing close air support
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show it in a way that has never been seen.”
Today, Cameron and his crew are prep-

ping the soundstage to record performance-
 capture data for a scene with the film’s two 
stars, Sam Worthington (last seen in Ter-
minator Salvation) and Zoe Saldana (Uhura 
in J.J. Abrams’ Star Trek). “Come on over 
here,” he calls out with a wave. “I’ll show you 
what this is.” Wearing worn jeans and a New 
Zealand Stunt Guild T-shirt, Cameron holds 
up a small flat- panel screen tricked out with 
mul tiple  handles and knobs. This is his vir-
tual camera, he explains, a  custom- designed 
viewing system that  enables him to see not 
what’s in front of him (a darkened sound-
stage) but the lush,  computer- generated 
world that will appear in the film. 

Several feet away, Worthington, who 
plays  soldier- turned- humanoid-avatar Jake 
Sully, and Saldana, his alien love interest 
Neytiri, are standing around in black body-
suits dotted with roughly 80 metallic spots. 
Infrared cameras are strung across the ceil-
ing to track these reflective markers, cap-
turing the movements of the actors’ bodies. 
These same cameras register markers on 
the frame of Cameron’s screen as the direc-
tor moves it about. 

What’s truly remark able here is what 
appears on his display. Looking into it, Cam-
eron doesn’t see Worthington and Saldana 
on a soundstage. Instead, he sees Sully and 
Neytiri, each 10 feet tall with blue skin, 
catlike features, and long tails. The back-
ground is not a bunch of gray plywood ris-
ers but the deep rain forest of the planet 
Pandora, where most of this movie takes 
place. Cameron can view in real time what 
other directors have to wait months to see. 

But that’s not all he can do. The director 
calls up a scene recorded yesterday, and 
suddenly the image switches to a fan lizard, a  Cameron- invented 
flying creature unique to Pandora. As the reptile comes to pixe-
lated life, Cameron begins to gyre across the soundstage, tilting 
the screen. “I can zoom out a  little bit. I can follow it around the 
landscape as he’s flying. Come underneath, come up on top if I 
want—see how it flies over the terrain.” It’s as if he were shoot-
ing with an actual camera—exactly the point. “I can’t operate a 
camera with a fucking mouse,” he says. “It’s ridiculous. It’s why 
CG camera movements look  computer- generated.” 

In the scene that Cameron is about to shoot, Sully and Neytiri 
are leaping through the  jungle chasing fan lizards. The script 
calls for the two of them to stare in wonderment at the reptiles, 
represented on the set by some dots on the ends of a half- dozen 
skinny wooden poles that crew members are waving about. Set-
ting aside his virtual camera, Cameron grabs a stick and—for the 
moment anyway—joins the fun. 

WHILE CAMERON AND THE ACTORS cavort around the set, a bunch of 
technicians sit at the far end of the room, pulling the digital strings. 
This is Avatar’s “brain bar,” three bleacherlike tiers of computer 
monitors manned by 20 or so  people: video specialists on the first 
level, mo-cap technicians from Giant Studios and real-time CG 
operators  from Cameron’s Lightstorm Entertainment on the sec-
ond, and  visual- e!ects supervisors and  facial- capture experts from 
Peter Jackson’s Weta Digital up top. 

On the monitors, the brain-bar crew is watching various itera-
tions of the fan  lizard scene as it’s being captured down below. 
One screen maps skeletal data points on a grid. Others  toggle 
from Worthington and Saldana on the risers to their animated 
characters in the  jungle.

The brain bar was built to accommodate Avatar’s digital produc-
tion pipeline. Several months before, Cameron wrapped the bulk of 
the film’s hi-def 3-D shots in New Zealand, most of them against a 
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To create a precise template for the  CG sequences, actors 
first perform scenes in a barren warehouse.  Cameron 
views the action through a virtual camera—an LCD 
that shows the actors as 10-foot-tall aliens inhabiting 
 Pandora’s lush environment. This system allows Cam-
eron to position performers and direct action while see-
ing a real-time simulation of the finished product. 

5 Steps to AVATAR

To film the alien planet of Pandora,  
James Cameron and his team reinvented  
movie making, from the camera to the  
shooting to the rendering. Here’s how.

Frame the Shot

Reinvent the 3-D Camera

In 2000, Sony agrees to help Cameron build his “holy 
grail” camera system. Over the next few years, he  
develops a lightweight, dual-lens, hi-def digital camera 
 capable of shooting precisely calibrated 3-D images  
that won’t give viewers a headache. The new equipment 
is used to film Avatar’s live-action sequences.
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greenscreen. Now, thanks to a nifty bit of software called a simul-
cam, the production team can mix  performance- capture from Playa 
Vista, live- action footage from New Zealand, and CG backdrops to 
conjure up a real-time composite for Cameron to see immediately. 
It compresses into seconds a job that would normally take weeks. 
On the fly, the brain bar can transmute hundreds of gigabytes of raw 
data into a rough approximation of the fantastic universe that, for 
the past 15 years, has existed only in Cameron’s mind. “You can call 
it what you want,” says Glenn Derry, Avatar’s virtual production 
supervisor, “but it’s really just a big database.” 

For Cameron, the brain bar is the ultimate control mechanism. “It 
started with Jim going, ‘What if I could do this?’” says Richie Bane-
ham, the production’s animation director. But beyond that, there 
was no master plan. “It just kind of evolved,” Derry says. “We kept 
adding features and adding features, and then we got to the point 
where we couldn’t keep track of them all. Now we bring in  people 
from outside and they go, ‘Whoa!’” 

The foundation of Derry’s virtual production system is Motion-
Builder, a 3-D  character-animation program that’s been used 
on everything from Rock Band to Beowulf. Giant Studios was 
brought in for its real-time “solve”—that is, the ability to inter-

Each actor wears a head rig  
that holds a tiny HD videocam a  
few inches away from their face.  
The camera’s wide-angle lens 
records every subtle facial twitch, 
blink, and lip curl. The data is  
then mapped onto the CG face. 

After the performances are captured, Cameron returns 
to the warehouse, now empty of actors. Techs cue  
up the performances one by one as Cameron uses his 
virtual camera to choreograph the camera moves—
tracking shots, dolly shots, crane shots, pans. The 
 movements are tracked by the same system that records 
the actors. Cameron’s work is then incorporated into 
the rendering system so his every directing decision is 
reflected in the finished product.

The actors wear bodysuits dotted with small reflectors.  
LEDs shoot near- infrared light into the room while up 
to 140 digital cameras track the reflections. The data 
is fed into a system that correlates the reflections with 
the actors’ movements. As the actors move around the 
soundstage, the system creates a 3-D record of the  
entire scene. Later, it’s mapped onto the digital rendering, 
making the CG sequences appear realistic. 

Capture the Action

Record the Faces

Choreograph the Camera Work
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pret  performance- capture data in real time. They ended up with 
a highly evolved form of pre-visualization, a  computer- animation 
technique designed to show what a scene might look like with  
live- action sequences and CGI together.

When Derry started on Avatar in 2005, Steven Spielberg and 
Industrial Light & Magic were pushing the limits on pre- viz for 

War of the Worlds. As Spielberg was shooting an action scene, 
he knew where the alien war machine would go when ILM ren-
dered it months later. But he couldn’t actually see the tripod 
crashing into cars and buildings during his shoot—which is what 
you’d get with Cameron’s virtual camera and simulcam setup. 

Meanwhile, Baneham had to figure out how to overcome the 
“uncanny valley,” that unnerving gulf 
between human and not-quite-human 
that made the performance- capture fig-
ures in Robert Zemeckis’ Beowulf and Polar 
Express feel creepy. Zemeckis, Cameron 
says, “used the same marker system we 
use for the body and captured the facial 
performance with those mo-cap cameras. 
Really a bonehead idea.” Baneham’s solu-
tion required the production crew to make 
a plaster cast of each performer’s head, 
then  build a custom- fitted harness to hold 

NA’VI NAME Eyaye
TAXONOMY Bellicum pennatum; 
root meaning “war” and “feather” 
DESCRIPTION Large fernlike plant 
with iridescent-blue leaves; grows 
throughout Pandora
HEIGHT 4.5 to 5.5 meters

SPREAD 1.5 meters, on average
ECOLOGY Bioluminescence lures 
insects to plant for nectar; birds 
feed on bugs and protect plant
ETHNOBOTANY Used by Na’vi for 
ceremonial headdresses and 
other adornments 

Guide to Pandora Warbonnet
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a tiny videocam that would be aimed back at the actor’s face from 
just a few inches away. The wide- angle lenses would record every 
twitch, every blink, every frown.

But it would take more than that to make Avatar look real. 
Before he joined this production, Baneham led the e!ort to bring 
Gollum to life in The Lord of the Rings. At that time, when digi-
tal animators wanted to render a smile they would just dial the 
mouth a  little wider, which invariably looked phony. To make Gol-
lum so expressive, Baneham and his team studied physiology: 
What  muscles fire to produce a smile, and in what order? How 
much light does the skin absorb, and how much does it reflect? 
How deep is the pupil, the opening at the center of the eye? The 
facial details that made Gollum so convincing were not provided 

by  performance- capture but by painstak-
ing, frame-by-frame CG work. Avatar’s sys-
tem streamlines that process: Animators 
can work from the head-rig videos, which 
supply a complete visual record they can 
map to each character’s face. 

Even as Derry was reinventing virtual pro-
duction and Baneham was rethinking facial 
animation, Cameron was throwing out the 
rules of shooting 3-D. With camera designer 
Vincent Pace, he developed a system with 
twin lenses that could mimic human vision. 
Wearing polarized glasses, viewers would 
get the same 3-D e!ect they do with CG films 
like last summer’s Monsters vs. Aliens or the 
forthcoming Toy Story 3. But shooting live-
action 3-D is more complicated than render-
ing computer animation in 3-D. 

The conventional method relies on a 
series of cumbersome mathematical formu-
las designed to preserve the “screen plane,” 
the surface on which the movie appears. In 
2-D that’s the screen itself, but in 3-D it’s an 
imaginary point somewhere in front of you. 
“The viewer doesn’t think there’s a screen 
plane,” Cameron explains. “There’s only a 
perceptual window, and that perceptual 
window exists somewhere around arm’s 
length from us. That’s why I say everything 
that’s ever been written about stereogra-
phy is completely wrong.”

To Cameron, eliminating the screen 
plane is crucial. “The screen plane has 
always been this subconscious barrier,” 
says Jon Landau, his longtime producer. 
By removing it, Cameron hopes to create 
an all- encompassing cinematic experience. 
That’s the ultimate goal, the reason for the 
virtual camera and the simulcam, the hi-
def head rigs, the 3-D camera system: total 

immersion. “This is not just a movie,” Landau says. “It’s a world. 
The film industry has not created an original universe since Star 
Wars. When one comes along so seldom, you want to realize it to 
the fullest possible extent.”

That’s one reason to do all this. The other reason is more per-
sonal. “I’ve made a bunch of movies, won a bunch of awards, made 
a bunch of money,” Cameron declares. “None of those are interest-
ing to me. They never were. It was never about the awards, never 
about the money, only about the films. But what’s challenging? I look 
for the new thing. And with this film, we’ve really loaded it up.” !

Contributing editor FRANK ROSE (frank_rose@wired.com) wrote 
about the success of Hulu in issue 16.09.

Avatar’s animation director, Richie Baneham (left), and virtual production 
super visor, Glenn Derry, created a real-time pre- visualization system, which  
let Cameron direct  performance- capture shots while viewing on-the-fly com-
posites of the final scene, like this trek across Pandora’s floating mountains.
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