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Painting with pixels: The art of
communication using animation and
visual effects
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Abstract
Animation and visual effects are leading disciplines for creating high-fidelity
imagery that would otherwise be impossible to film or physically replicate in
motion. A continually evolving art form founded upon a rich history of pre-digital
traditions, it is theoretically possible to visually represent any concept with a
capacity to enrich communication, increase focus, knowledge, empathy, impact,
conceptual development and connectivity in ways not yet imagined. This article
presents a personal account of how visual effects theory is interdependent with
practical application and explores how the art and technology can be applied to
interdisciplinary fields that have non-traditional creative perspectives on
visualisation and activities in visual narratives/storytelling.
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Introduction
Living in a small country town pre-internet with only two television channels made
accessing information about computer-generated imagery (CGI) challenging in the
early 1980s. There was a new computer room at my school and speculation about what
the machines might do once people learnt how to use them. In place of training,
Usborne published a series of influential computer books such as Introduction to
Machine Code for Beginners (Watts and Wharton) that demystified digital technology
with colourful illustrations and put theory into practice. The teaching strategy proved
effective for learning how computers work and I was able to code variants of the BASIC
programming language across multiple platforms with relative ease. Mature concepts
can be taught to children if the information is well presented, embraces passion,
respects intellect, addresses curiosity and rewards effort. I discovered that digital
technology is basically zeroes and ones. The bits are precise and replicable and if one
applies imaginative uses to code, it can result in astonishing creative outcomes.
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My first computer in 1986 was a $99 (AUD) Dick Smith VZ300 featuring 16 kilobytes of
memory, four colours and a maximum resolution of 128x64 pixels. To create a bitmap
image, I started with an original sketch (Figure 1a) and drew a grid representing 128x64
pixels using a black pen and yellow, red, green, blue markers to paint the graphic
(Figure 1b). I converted the colours into hand-written code that was typed precisely
into the computer (Figure 1c), or the program would fail. There was no drive to save the
program so the reward was seeing the image display until resetting (Figure 1d). The
same task can easily be achieved today with any graphics program, even Microsoft
Excel (Figure 1e).
Mastering the simplest elements (bits) was the key to unlock the mysteries of the digital
world. Except for quantum computing, understanding this classical model of
computation is critical for a technologist. The consequences of switching a single bit
contain the power to negate all.
Conversely, the exponential power of combining trusted code to build more complex
systems demonstrates unlimited potential. It was evident to me at an early age that
computers could fit any purpose if the data input/processing/output were appropriate
for the given task. With this fundamental knowledge, I was acutely aware that with an
increased spatial resolution (detail) and greater bit-depth (colour), it may one day be
possible to present any vision imaginable via digital means.

Cinema tells the story
Exposure to computers in my childhood was limited, but the sheer invention of seminal
films like Star Wars (Lucas, Star Wars), Raiders of the Lost Ark (Spielberg) and E.T.
the Extra-Terrestrial (Spielberg), impacted me and I recall the influence of George
Lucas and Steven Spielberg at the time. In terms of cinematography, motion pictures
hold the gold standard for epic visual storytelling over the past century (Box Office
Mojo). Only three films listed in the Top 200 Lifetime Grosses rely purely on traditional
practical/optical special effects (Figure 2). They are Star Wars (1977), Star Wars:
Episode V - The Empire Strikes Back (1980) (Kershner, Star Wars: Episode V - The
Empire Strikes Back) and E.T. the Extra-Terrestrial (1982). Technically, it might be
only two, as Larry Cuba’s work on the Death Star briefing scene in the original Star
Wars qualifies as CGI (Sito 157). By 2019, 150 live-action films depended upon digital
visual effects as an essential storytelling device and the other 47 films were entirely
animated. Every film in the 200 Top Lifetime Grosses has used special effects, visual
effects or animation to tell their story.
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(a) The original pencilled sketch

(b) Manually drawing with coloured
textas

(c) Source code (was originally hand-written)

(d) Recreated computer image
(via emulation)

(e) Comparison with Microsoft Excel

Figure 1. Creating a bitmap image.
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Figure 2. Box Office Top 200 Top Lifetime Grosses
as of 1 November 2019 (Box Office Mojo).

Taking a more conservative view and adjusting grosses to estimate inflation over the
past century, the dominance of fantastical films is more balanced with classical
character-driven storylines. This approximation of financial parity over time
demonstrates 82 films depended on visual effects and another 33 films were animated
(Figure 3). Even when ignoring all the films using nuanced, practical/optical special
effects, there are at least 152 films in the 200 Top Lifetime Adjusted Grosses that used
special effects, visual effects or animation as an indispensable storytelling device (Box
Office Mojo).
It is important to note that Visual Effects (VFX) does not replace Special Effects (SFX)
and these disciplines work in tandem in live-action productions. The above chart only
identifies pre-digital SFX, but the total number of SFX is cumulative with VFX in liveaction films. The rule-of-thumb is to film minimal VFX and shoot everything possible
in-camera. Scenes that are too dangerous or impractical to film with real elements
employ special effects on-set to create a plausible photographic deception. Visual
effects go further and visualise what is too dangerous, impractical or impossible to film
with a camera. Masters of the craft mix these skill sets to maintain the audiences’
suspension of disbelief and leave people wondering how the illusions were achieved, if
they noticed the effects at all.
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Figure 3. Box Office Top 200 Top Lifetime Adjusted Grosses
as of 1 November 2019 (Box Office Mojo).

Artistry plays a critical role in the successful communication of visual ideas. James
Cameron expresses his view on what skillset a computer artist requires (Kenneally);
When I was the CEO of Digital Domain, I always felt like I should get all
my computer artists in a room and teach them, you know, Art History 101.
Basic composition, basic perspective, linear perspective, aerial
perspective, composition with colour, lighting, all of those things. Just the
real basics because those aesthetics, they thought everything could be
solved by math. It can’t be solved by math. It’s still an art form. (James
Cameron)
The Pixar founders were once critical of the mechanical types of animation exhibited at
ACM SIGGRAPH conferences. As Ralph Guggenheim, producer of Toy Story (Lasseter)
recalls, “in those days, computer animation, computer graphics was in the domain of
guys in white lab coats.” John Lasseter, director of Toy Story agreed, “all of the images
in the animation were being created by the same people who wrote the software”
(Kaplan and Milsom). The consensus was beautifully rendered 3D images pushed the
boundaries of technical excellence but soulless animation lacked emotional connection.
Compounding this was a widespread misconception, still applicable today, that
computers generate the artistry. As John Lasseter lamented when asked, “what
software did you use to animate Andre and Wally?” His answer, “it was just a key-frame
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animation system pretty much like other systems I’ve seen”, left him bemused by the
questionnaire insisting, “no, no. It was so funny. What software did you use?” (Kaplan
and Milsom).
One of the most regrettable snubs in VFX history was the industry itself failing to
recognise TRON (1982) (Lisberger) at the 55th Academy Awards when not a single
question was asked about the computer graphics at the Best Visual Effects “Bake Off” or
any nomination for Scientific or Technical achievement; the result of a false assumption
that computers did all the work (Kallay 215-218).
I was fortunate to have some aptitude with drawing, illustration, painting, sculpting,
model building, woodwork, metalwork, and electronics when applying skills to the
computer. I endorse the professional opinion that the tactile experience of creating
artworks in the real-world greatly assists what an artist can achieve in the virtual world.
A personal weakness that would become a strength was naivety. I operated in an
environment where insufficient knowledge about the challenges faced by the pioneers
of early computer graphics resulted in a positive mindset that fully committed me to a
venture that might otherwise not been attempted.

State of Art
I proposed making a short live-action visual effects film for my final year in high school
despite not owning a video camera, 3D/animation/editing software or capable
computer at the time. This educated risk was the culmination of extensive research, an
8-minute animation created in two years earlier, a stringent saving and trade-in regime
where I sold each computer in order to advance from the VZ300 to a Commodore 64,
Amiga 500 and Amiga 1200, and the generosity of friends to participate. I sought
permission to be the first student to have a personal computer at my boarding school
desk, against the wishes of well-meaning mentors who cautioned that “computers are
just a fad”. I mapped out a 10-month schedule and rapidly learned about video,
photography, 3D, animation, digital compositing, graphics programming and sound. I
created State of the Art, a fully digital 4-minute film that was selected for the national
ArtExpress ’93 tour (Board of Studies). The work coincided with the first-year videobased artworks were accepted into the exhibition.
The concept for State of Art was that exponentially-evolving technology, represented as
an artificially intelligent machine communicating with uncanny personas, had the
potential to radically alter our reality for the better but might also pose a threat to
humanity if left to its own devices. The short film applied every visual effect technique I
could employ on a consumer desktop computer in 1993 (Figure 4a). The entire film was
rendered in 3D, except for a rotoscoped performance achieved with stop-motion
photography (Figure 4b). The final renders do not show the high amount of detail in
the models and textures as the technical challenges were immense, such as not enough
memory to calculate shadows (Figure 4c). Video of the actor’s performances was
composited with 2D animation (Figure 4d) and morphing (Figure 4e). Animated
geometry, materials and exploding/reforming particle effects featured in the
storytelling (Figure 4f). The television and video transformed into the upper-body of a
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rigged robot with articulated fingers/hands (Figure 4g). In one shot, the geometry,
textures and shaders of the entire raytraced scene morphed from simple to complex
structures along with the animated character (Figure 4h).
There were no known digital artist career pathways at that time, let alone courses or
textbooks to follow. The production process was an amalgamation of the best practices
I could extract from reputable media at the time. I memorised behind-the-scenes film
featurettes from televised ‘Making of’ specials and Walt Disney's Wonderful World of
Color series, noted rare photos/interviews across various mediums, and trawled for
niche articles in disposed magazines when volunteering at the recycling shed. I
gravitated towards opportunities that generated luck and increased chances to learn the
craft (Wiseman), though I did not conscientiously realise this at the time, I was also
applying “production sense” in administering the project.
“This resulted in a production schedule that detailed overall progress with a realistic
timeframe and measurable milestones (time management), along with a production
pipeline that describes the workflow processes (efficiency), and develop the skills
necessary to critically analyse and creatively solve priority matters resulting in the
highest payoff for the final animation (production sense).” (Hagan, Illusion &
Delusion: Living In Reality When Inventing Imaginary Worlds)
I made a digital film on a $1,000 computer because I could not afford a $2,000 VHS
camera. As Tony Walters half-jokingly advises potential guerrilla filmmakers in How to
make Double the Fist (Anderson and Moses), “there are many different kinds of camera
available but any camera you can get your hands on for free, is the camera for you.” The
smart use of available resources determines production quality. Studio budgets allow
for a higher degree of financial stability but not necessarily creative freedom. The
democratisation of technology has allowed independent artists to engage with a more
competitive media landscape in every passing year. A great story on a poor budget beats
a poor story with a great budget.
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(a) Opening Title Sequence

(b) 3D render with rotoscoped composite

(c) Technical limits of rendering

(d) Post-production video techniques

(e) Morphing between actors

(f) Exploding/reforming particle effects

(g) Fully rigged arms/fingers/hands

(h) A raytraced scene with all elements

Figure 4. State of Art (1993).
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Visual quality
As a general rule, a visual artist should always strive for the highest quality workflow as
it is easier to reduce elements downstream than be compromised by substandard
source material during production. Technology has an aesthetic; inherently bound by
the unique digitisation processes of individual electronic systems transcribing the
analogue world into finite bits of data for the digital realm. Knowing when to break the
rules and use low-tech devices to achieve the desired outcome was demonstrated in
WATCHES (Hagan, WATCHES), a public artwork for the Wagga Wagga City Council
NIGHTLIGHTS initiative. WATCHES tested community reactions with a large-scale
surveillance panel that monitored CCTV footage of the city at night. The artwork
engaged with the passionate public debate about an increased surveillance culture
within the community. The project required multiple camera setups in prominent
locations at the most unsociable hours in order to provide an authentic experience of
relaying live surveillance video at night (Figure 5). Privacy and respect for the law were
paramount in filming. Five hours of timecoded high-definition surveillance panels was
projected onto the council building wall (actually a four-minute loop) and the initial
reactions thought the CCTV was real; until a title sequence revealed otherwise. Despite
the political tension surrounding the topic, there were no complaints and only
favourable feedback from the council, community and social media.

Figure 5. WATCHES (2015).
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Procedural animation
I was commissioned by Wagga Wagga City Council to create an original artwork for
Charles Sturt University’s Foundation Day with a brief that the animation must be red
and envision an “annual celebration to recognise our past, acknowledge our beginnings
and create awareness of who we are, what we value and where we are going.” The
timeframe was only a few days but with math, fractals and a clear conceptual vision, I
was able to produce a 5-minute loop of high-resolution hypnotic procedural animation
that successfully encapsulated the brand and message (Figure 6).

Figure 6. Foundation Day (2015) – 3 panels.

Film production
I was Visual Effects Supervisor on Kapyong, written and directed by Dennis K. Smith
and produced by John Lewis of Arcimedia (Smith). I visualised 58 high-definition
photorealistic shots to recreate the historical battle from 24th April 1951 using industrystandard VFX techniques (Figure 7). The documentary was launched by Prime Minister
Julia Gillard who went to South Korea on ANZAC Day to lead the commemoration of
the 60th anniversary of the Battle of Kapyong. Industry peers complimented the
documentary for the cinema-grade digital compositing and the film contributed to a
new wave of digital SLR cinematography and production for independent filmmakers.
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Figure 7. Kapyong (2011).

Public exhibitions
Their Light Still Shines commemorated the Centenary of ANZAC in collaboration with
the Wagga Wagga City Council and the Museum of the Riverina – Botanic Gardens Site.
The 15-minutes projection was commissioned to highlight stories from the region and
respectfully document the human sacrifice in a sombre large-scale exhibit fit for public
viewing (Figure 8). Akin to making a documentary, there was a clear objective but the
narrative adapted as discoveries were made in response to the delicate filming /
photographing / scanning of precious artefacts, digital restoration of historical
portraits/photographs, and expert knowledge from the museum curator Michelle
Maddison. In support of mutual community goals, the museum was given a hard drive
with of all the archival-quality digital files created when researching the exhibition.
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Figure 8. Their Light Still Shines (2015).
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Aerial perspectives
Enlighten was a collaboration with photographer Dr James Farley to produce a largescale 18-min public art projection for the Wagga Wagga City Council to explore how
principles of landscape photography/cinematography could be applied to showcase the
city and surrounding regions (Figure 9). Familiar places from unseen perspectives
offered new insights about our place within the ecosystem and invited viewers to
appreciate the planet we live in through a completely new lens.

Figure 9. Enlighten playing on the Wagga Wagga City Council’s 50 x 8m screen.

Maintaining curiosity and a willingness to experiment helps to test whether theoretical
ideas work in practice. In this example, I successfully generated a detailed 360° 3D
scene using photogrammetry on a short drone flight. The image shows the original
footage above, and the fully textured model below (Figure 10). The result opens new
pathways of research and applications to the real-world.
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Figure 10. Successful photogrammetry result from basic drone footage.

Game engines
The Poet’s Exchange was a public art projection showcasing three original poems as
part of the FUSION 2017 multi-cultural street festival (Hagan, The Poet’s Exchange).
For each poem, there was an English translation and the native language text. Red
Room Poetry developed the three works, Untitled by Anwar, Aymen and Qasim
(Figure 11a), Khudi by Zohab Zee Khan (Figure 11b) & Africa by Jackline Okot
(Figure 11c). The projection featured a photorealistic room with each poem rendered in
various virtual landscapes. I used game-engine technology to create four hyper-realistic
scenes at 7232 x 1080 pixels with unprecedented speed of up to 60 frames rendered
per-minute. The game engine employed, Unreal Engine 4, demonstrated that digital
artists could overcome previously impossible deadlines without compromising on
creative control. The video contained 4 x 1-minute sequences that were the first project
to play 50 frames-per-second animations on the city’s projector - double the standard
framerate for smoother motion.
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(a) Untitled by Anwar, Aymen and Qasim

(b) Khudi by Zohab Zee Khan

(c) Africa by Jackline Okot
Figure 11. Three poems from The Poet’s Exchange.

Real-time visualisation
Dr Waseem Afzal linked his work in Information Studies with my VFX interests, to
develop a digital prototype of an immersive 3D-environment, based on research
concerning informational and affective properties of extremists' content, to educate
youth against extremism. Using virtual reality to counter extremism consisted of
concept/script development with actors (Figure 12a), full-body motion and facial
performance capture (Figure 12b), translation of motion onto digital characters
(Figure 12c), live and post-production animation work on virtual performances
(Figure 12d), rendered animation in sync with original audio (Figure 12e), and playback
to multiple formats (Figure 12f) (Afzal and Hagan). The virtual production workflow
was then embedded in the Animation & Visual Effects coursework at CSU and there is a
high demand for creative partnerships related to STEAM (Science, Technology,
Engineering, Arts and Mathematics).
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(a) Concept/script development

(b) Translation of motion onto
characters

(c) Performance capture

(d) Live and post-production
animation

(e) Rendered animation with audio

(f) Playback to multiple formats

d

Figure 12. Virtual production workflow.
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360° immersion
The 360° Immersive Biodiversity Project is a partnership between CSU Green and the
School of Communications and Creative Industries at Charles Sturt University to
monitor the effectiveness of management strategies in maximising biodiversity values
using comparative analysis of 360° recordings over three years (Figure 13a). The
research also investigates other methods of data capture, such as reconstructing a 3D
mesh from LIDAR point cloud information (Figure 13b). This proof of concept model
demonstrates the ability to visualise outdoor environments with the capacity to walk
through them using real-time with game engine technology.

(a) 360° Video Capture

(a) 3D mesh from LIDAR scan

Figure 13. 360° Immersive Biodiversity Project (work in progress).

Conclusion
Digital visual artists can transcend the limitations of the physical camera and apply
their creative skillsets to non-linear open-ended environments to discover effective new
modes of communication. Animation and visual effects artists are ideal candidates for
interdisciplinary careers that require 360° workflows, stereoscopy, interactivity,
immersion, performance capture, game engines, virtual productions, hybrid production
techniques and pioneering work in the evolving fields of Virtual / Augmented / Mixed/
Extended Reality (VR/AR/MR/XR) (Edwards). Beyond pre-conceived notions that
visual narratives/storytelling is bound to the entertainment sector, digital artists are
ready to work across primary, secondary, tertiary and quaternary industries. The
exponential growth across interdisciplinary fields to communicate using the skills of
digital artists mirrors the impact of the visual effects revolution at the box office. As
academia, industry, communities and government work collectively to improve society;
creative artists are ready to help with the best practices in visual communication. There
is no need to redraw a grid every time an idea is sparked.
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