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Abstract 

 

Continuing my research on simulations of reality, this paper will investigate the 

nature of Image Based Lighting (IBL) in Computer Generated Imagery (CGI). 

Through photographic High Dynamic Range Imaging (HDRI) I will consider the 

rendering of synthetic objects into real world environments to create a sense of 

‘perceptual realism’ (Prince, 1996). I propose that photography’s ontological claim to 

truth can help create a physically accurate lighting model and in turn challenge the 

traditional assumptions about realism in CGI. 

 

Firstly the role of photography shall be examined through the writings of Barthes and 

Bazin in an attempt to claim the indexcal nature of the medium. A documented 

progression into digital imaging in cinema will follow, citing the major critics of CGI; 

Prince and Buckland throughout its development. An analysis of photography in 

relation to realist aesthetics shall be used to draw upon cinematic references as a way 

of examining the inherent flaws in digital imaging. This paper will not attempt to 

define realism in the arts nor investigate its extensive history but instead focus 

specifically on how the process of lighting CGI (IBL) with photography (HDRI) has 

contributed to re-evaluating this term. The work of New York based directing 

company 1st Avenue Machine will be pivotal in analysing how to integrate realistic 

CGI into real world environments. A first hand interview with founding director 

Arvind Palep regarding their short ‘Sixes Last’ will act as a central case study and 

serve as a contemporary paradigm to how environment lighting is used specifically to 

reflect the real world. (hereafter referred to as “Interview with Palep”) 

 

An insight into the research by Professor Paul Debevec and other practitioners will be 

used as a framework for understanding the interplay of light between synthetic objects 

and lighting probes, radiance illumination, and rendering to show why the 

development of IBL has been so important. Debevec is the pioneer of IBL, bridging 

traditional CGI with HDRI for over ten years. His research into how the human visual 

system records light differently to optical technology will be used as a practical 

exercise to show why HDRI effectively creates a sense of realism for the viewer. By 

examining the nature of light, Debevec has shown how HDRI are allowing us 

simulate real world environment lighting in CGI and thus increase a sense of 

perceptual realism. 



 

In the mid nineteenth century the introduction of photography relieved painting of its 

fascination with realism. No longer did the painter feel the need to portray his subject 

representationally as his brush could never relieve its subjective hand when compared 

with the camera. In his chapter The Ontology of the Photographic Image Andre Bazin 

examines the birth of a medium that challenged the fundamental truth of the image; 

 

‘Painting was forced as it turned out, to offer us an illusion and this illusion was 

reckoned sufficient unto art. Photography and the cinema on the other hand are 

discoveries that satisfy, once and for all in its very essence, our obsession with 

realism.’ (Bazin 1967: 12). 

 

Crediting the film camera as merely an extension of photography, Bazin argues the 

automatic nature of mechanical reproduction absolved man of his logical failure. 

He believed photography to have, ‘credibility absent from all other picture-making’ 

(Bazin 1967: 13) for the lens of a camera reproduced the world as it was. By reacting 

to light it captured the moment and documented the event. 

 

In Camera Lucida, Barthes defines the photograph as never being separate from its 

referent. Applying Peirce’s theory of semiotics he sees, ‘Every photograph is a 

certificate of presence’ (Barthes, 1980: 5) referring to the relationship between objects 

and their image as indexical. The camera’s ability to record a specific space in time 

claimed its right as a recorder of the real. The photograph ‘mechanically repeats what 

could never be repeated existentially’ (Barthes, 1980: 4) creating an indexical trace of 

reality.  

 

It is precisely Bazin and Barthes commitment to the indexicality of photographic 

realism that I will use to position my argument on the developing nature of perceptual 

realism in CGI. Stephen Prince in his paper ‘True Lies’ asserts CGI as having ‘no 

profilmic referent existed to ground the indexicality of its image.’ (Prince, 1996: 29). 

He argues there is no pre-text to a synthetic image, regardless of its apparent realism. 

The recording of a camera positions itself in contrast to simulated reality in that CGI 

are not indexically related to the real world. Buckland purses this theory: 

 



‘The photographic is an analogue of the real. However the digital (or post-

photographic) image is not determined or limited to the actual world in the same way. 

Whereas the photographic image is an analogue of the pre-existing real objects that is 

reproduced automatically, the digital image is produced by numerical digital codes, 

each of which is then realized on screen as a pixel or point of light.’ (Buckland, 2002: 

209). 

 

With the technological advances of digital imagery, Buckland agrees the ontological 

theories of photography and cinema have been challenged. No longer can moving 

image truthfully declare itself representational of the real world as technology and the 

computer develop new fantastical ways to recreate reality. CGI are made up of 

mathematical codes and algorithms that create the artifice and in turn deceive the eye, 

making the viewer assume its indexicality. As technology develops, the visual 

dichotomy between the photographic and the synthetic will breakdown. The continual 

desire of CGI to appear photographically is important in how we perceive and value 

its perception of realism. The truth of the camera exists outside this predicament, 

 

‘…there is no such thing as the realism of a photograph, even if we can talk about 

some photograph containing more iconic (indexical) realist information than another. 

A clear, well-defined photograph of an elm tree has a greater iconic realism than a 

fuzzy photograph of the same tree. But this does not entail a value judgment.’ 

(Roberts, 1998: 5). 

 

Roberts’s claim is important and helps further substantiate the indexical nature of 

photography. While one photograph shows the tree more clearly, it in no way 

undermines the truth of the other. In computer graphics, the algorithmic variables 

amounting to the quality of the rendered image is proportional to its illusionary effect 

and therefore inherently crucial to its perceived realism. To expand, ‘Photo’-realism 

in CGI implies the predicament of its authenticity; its sole purpose is not to mimic 

reality itself but a photograph of the reproduced reality. Importantly it should be 

mentioned that the term ‘realism’ applies itself to the arts in many different 

movements over time. In this discourse its use is purely aesthetic, and positions itself 

as the representation of real life with verisimilitude. In this sense I’m positioning 

myself alongside Buckland’s view that to use Jean Baudrillard’s theory of simulacrum 

would be insufficient in ‘explaining the ontology of the digital image’ and rather it 



would be logical to apply a theory of ‘possible worlds’ (Buckland, 2002: 209). (I shall 

return to this concept later on.) Comparable to Baurdrillard’s politicizing of digital 

technologies, Jean-Louis Comolli’s influential essay ‘Machines of the Visible’ saw the 

reality effect of cinematic technologies as ‘a social machine...from the anticipation 

and confirmation of its social profitability; economic, ideological and symbolic’ 

(Comolli, 1980: 122). Here Comolli declares that advancing aesthetics in CGI has 

been maintained through capitalist ideologies, positioning himself directly against 

Bazain’s evolutionary nature of cinematic realism. It is Comolli’s assumption that 

‘The introduction of new illusionistic techniques dislodges old ones.’ (Manovich 

1992: 12). For him this is central to our perceptions of realism, believing that 

audiences consider things to be real only when compared to the previous ‘unreal’ 

perception of reality.  

 

‘Each new technological development...points to the viewers just how "un-realistic" 

the previous image was and also reminds them that the present image, even though 

more realistic, will be superseded in the future’ (Manovich, 1992: 12). 

 

These attitudes reflect the foundation of this discourse as the ‘technological 

development’ of IBL will eventually be replaced by superior models of production. 

To assume it’s infallibility would be unreasonable, thus it is necessary to understand 

the imminent technological shortcomings of its being. Nonetheless the fundamentals 

of environment lighting through photographic means are in principle relatively 

undeveloped. Where IBL has so far shown its potential for perceptual realism can be 

seen in the work of 1st Avenue Machine and in particular their short ‘Sixes Last’. 

 

Why IBL is so effective in Sixes Last allows me to return to my previous discussion 

on photography’s claim to truth. The HDRI used to light the scene enables the 

indexical nature of the photographic image to create spatial context for the CGI 

incorporated into the live-action footage. The composite successfully unites the 

ontological components and while we acknowledge that the CGI ‘cyberflora’ can’t be 

real, our eye is deceived through the reflected HDRI environment. A paradox is 

created; the synthetic objects exist as ‘referentially fictional’ while the live-action 

video of trees and plants is ‘referentially realistic’, creating a dialogue between the 

two images and the viewer. Conclusively, we observe that ‘unreal images may be 

referentially fictional but perceptual realistic.’ (Prince, 1996: 32).  



 

For a start, the surface materials appear too glossy to be of plant origin, lending 

themselves to advanced plant-robot organisms, demonstrated by their artificial and 

mechanical movements. The standard of realism is not affected by these observations. 

(Fig.1.1) Instead we become intrigued about the ‘possible worlds’ (Buckland, 2002: 

209) unfolding before us, a glimpse into future bio-cyber-technology. Certain shots 

appear more believable than others, in particular those integrating brightly coloured 

tropical flowers laden with nano-robotic eyes and antenna-like buds. The colour 

bleeding of petals into their stamens is expertly mimicked through shading networks 

of the polygonal forms. The object (CGI) and real space (live-action) become 

perceptually unified. Even the slick high quality rendered CGI has been seemingly 

degraded to match the rather amateur handheld video, heightening its realism by 

positioning the apparent technical flaw with the camera itself. The director of ‘Sixes 

Last’ explains his intentions clearly while placing the role of CGI in context; 

 

“All we really are doing is creating illusions for our audiences…CG is a great tool in 

simulating something that came straight from your imagination.” (Interview with 

Palep). 

 

Fig.1.1 

 

This is certainly the case with the cyberflora, who retain an artificial presence among 

the natural setting. However Palep’s ‘imagination’ here refuses to conjure up 

unrealistic images of cartoon or fantasy based creatures. The realism of these 

imagined robotic species is a significant and intentional venture into photorealism, 

‘You’re creating something that looks real because you want people to think its real.’ 

(Interview with Palep). This raises another important case in point; for CGI to be a 

tool of the ‘imagination’, addressing Bucklands ‘Possible Worlds’, then the intention 



to create perceptual realism of an alternate imagined space not only breaks down all 

notions of reality but conjures up the possibility for anything. Creating possible world 

has never before been so easy. 1st Avenue Machine are a prime example of how the 

CG industry is no longer ruled by large visual effects companies. Due to the 

technological advances in computing and the wider availability of high-end software 

in the hands of creative individuals, new approaches and disciplines are pushing the 

traditional boundaries of CGI. When enquiring about the lighting stage used to 

capture HDRI, Palep says, 

 

‘Since ‘Sixes Last’ was such a gorilla production there was no use of a stage at all. I 

shot the entire thing on a Sony SD camcorder in the Bronx’s botanical gardens using 

natural light.’ (Interview with Palep). 

 

This statement reveals twofold; firstly the ease to which such a degree of perceptual 

realism can be achieved is remarkable and significant for the historical development 

of realism in CGI. And secondly the use of natural light from a HDRI when using 

outdoor live-action is integral to its ontological realism. By simulating natural light, 

the photographers lens becomes an all-encompassing physically correct lighting 

studio. If the photographic form is created by ‘light itself, rather than the human hand 

and mind’ (Buckland, 2002: 199) then to replicate photorealism in CGI, the principles 

of its nature need to be examined. For the basis of realism, CGI must imitate the 

existence of photography as; ‘a sign (index) carried by the light reflected off the 

objects it represents.’ (Lipkin, 2005: 4). If what Buckland and Lipkin claim to be 

central to the photographic truth, they have helped clarify that light is a key element 

in visual realism. As a point of departure its properties must be taken on board when 

approaching the notions of photographic perceptual realism of CGI.  

 

Lighting in CGI has always been reliant on our understanding of optics and 

photography. How we measure the physics of real world light is important, but we 

must also consider how to mimic its effects on the camera. ‘The better a virtual 

camera can simulate a realistic camera’s photographic abilities, the more the viewer 

will be convinced that the shot is genuine.’ (Livny, 2008: 132). Rendering engines for 

3D programs are developed to imitate camera, shading and lighting models that are 

based on the science of optics. There are two considerations when dealing with 

lighting, the first is the radiance, transport and illumination of light itself and the 



second is its interaction with surface and material shaders. In order to recreate natural 

lighting effects, its important to take into consideration the complex manipulation of 

direct and indirect illumination techniques. Consequently, the use of photography as a 

High Dynamic Range Image (HDRI) to emit radiance energy as an environment can 

produce far more accurate and realistic results when integrating synthetic objects into 

real world scenes. 

 

 

 

Fig.1.2 

 

The development of Image Based Lighting over the last 20 years has proven 

significant in its relation to the Hollywood feature film. Early versions such as 

Reflection Mapping involved a photographic image being mapped onto synthetic 

objects to create the illusion they were reflecting the real world environment. The 

earliest example of Reflection Mapping (Fig.1.2) can be seen in the film Flight of the 

Navigator (1986), which showed a morphing metallic spaceship flying round the 

world while reflecting the moving landscape around it. The character T1000 in 

Terminator 2 (1991) again displayed cutting edge photographic mapping techniques 

that allowed the CGI to seamlessly blend into the live-action. However this was 

limiting to highly reflective surfaces such as glass and metal, and although effective, 

ignored principles of bidirectional light scattering and other physical properties. It 

was only in the late 90’s when methods of HDRI were first used as fully integrated 

radiance maps for greater realism in CGI. This technique was pioneered by Paul 

Debevec and Greg Malik with the intention of creating a 360 degree environment in 

3D software to achieve realistic omnidirectional lighting. Practically this proved far 

more effectual than Reflectance Mapping as synthetic objects used the direct analogue 

of the environment to process light interaction and global illumination algorithms.  



 

Fig.1.3 

 

‘Specifically, the objects should cast shadows, appear in reflections, and refract, 

focus, and emit light just as real objects would.’ (Debevec, 1998: 1). 

 

The human visual system has a far greater luminance range than what can be captured 

and displayed by artificial devices, however ‘even that range is limited compared to 

the range of light intensities that physically exist.’ (Livny, 2008: 293). Through a 

balancing process called chromatic adaptation, our eyes can adapt very well to a high 

dynamic range of light. Luminance energy perceived by the human eye is based on 

photometric measurements and calculates indirect illumination values. This is a 

fundamental character of why IBL is used to simulate this transport of light so 

effectively. For example, a standard photograph can be referred to as having a Low 

Dynamic Range (LDR), recording a limited contrast ratio between the brightest and 

darkest luminance values. When used in Imaged Based Lighting the LDRI ‘don’t use 

realistic indirect light simulations and thus don’t mimic realism.’ (Livny, 2008: 610). 

The purpose then of creating a High Dynamic Range Image is to reproduce this 

greater luminance range of what the human eye can see. By combining multiple 

photographs at several exposures the resulting image is more representative of the real 

world to how the human eye perceives it. For Debevec this allows ‘both low levels of 

indirect radiance from surfaces and high levels of direct radiance from light sources to 

be accurately recorded’ (Debevec, 1998: 2). 

 

Taking Debevec’s seminal journal from Siggraph ’98 as a guide, it is possible to 

further understand the process of capturing real world illumination as omnidirectional 

for IBL. Figure 3 illustrates the basic method of this approach when integrating the 



synthetic objects of CGI into real scenes. The distant scene is composed of the HDRI 

and is used to light the scene through global illumination. The synthetic objects that 

‘contain the Bidirectional Reflectance Distribution Function (BRDF) information 

necessary to interact with light’ react to radiance values according to their shading 

and material attributes. This in turn affects the absorption and reflectance of light 

back into the local scene and onto each other. 

 

 

 

 

 

 

 

 

 

 

Fig. 1.4 

 

To compare, standard lighting techniques involve manually placing various 3D lights 

in the environment without any aid of HDR illumination. The result is a laborious and 

complex task of simulating direct illumination and radiance that match real objects in 

the scene. While this may render a fairly convincing image, the calculation of 

accurate indirect and global illumination to match the real environment would not be 

present. To manually ‘instantiate a virtual light of equal color and intensity for each 

real light’ (Debevec 1998: 1) can be ineffectual, leading to unrealistic renders. 

However more significantly, the reflecting photographic HDRI of the surrounding 

environment gives spatial context that is integral to the ontological realism of CGI. 

 

To make note of IBL and its ability to simulate perceptual realism it should again be 

mentioned that further developments and advances have allowed for greater physical 

lighting acquisition and consistency. For Paul Debevec and his team, the lighting of 

live-action characters using similar IBL techniques have proved considerably 

effective. Actors shot separately can be seemlessly merged with synthetic objects and 

environments to simulate the same lighting technique to enhance the realism of the 

composite. Siggraph journels of notable enquiry are; Acquiring the Reflectance Field 



of a Human Face (2000), A Lighting Approach to Live-Action Compositing (2002) 

and Relighting Human Locomotion with Flowed Reflectance Fields (2006). For light 

to fully simulate character motion, the focus had shifted to real world spatial 

environments, instead of starting within a 3D environment from which polygonal 

modelling occurs. Through complex facial performance imaging, real life lighting 

stages and full body motion capture techniques, the data recorded is based on real 

world physical attributes which can then be used as a programming language in CGI 

and virtual reality. Similarly, Jeremy Pronk’s thesis on Spatial Image Based Lighting 

(SIBL) presents a practical model of how to overcome spatially constant illumination 

in IBL when dealing with live-action footage that demands complicated and varying 

light sources. When describing IBL, Pronk states, ‘A problem with this technique is it 

assumes light to be uniform in the scene.’ (Pronk, 2006: 1). For him this doesn’t go 

far enough in addressing spatially variant real world light and as a result various 

HDRIs from different real world positions are used to create a more complex lighting 

environment. Additionally, custom built surface shaders are ‘applied to geometry in a 

scene which acts as both the light and depth information.’ (Pronk, 2006: 34). 

 

So where can IBL position itself critically within the ideas laid out by Prince and 

Buckland? It’s clear that both have attempted to place CGI within the larger context 

of film theory and cinematic representation, but this approach seems too broad. Prince 

has addressed the vast manipulability of CGI to create cinematic realism by 

recognising the infinite possibilities employed through computational algorithms; 

‘indexical referencing is no longer required for the appearance of photographic 

realism in the digital image.’ (Prince, 1996: 33) Again Prince concerns himself within 

the framework of cinematic realism, opting for a belief that realism is controlled by 

‘perceptual cues’ that the audience relate to through their own experience of the 

world. ‘Complex sets of perceptual correspondences…include such variables as 

surface texture, color, light, shadow, reflectance, motion speed and direction.’ (Prince, 

1996: 33). His critique is vast and appears to reflect the language of cinema, 

supporting the powerful use of digital imaging to effectively simulate synthetic 

images over any live-action scene. Similarly, Buckland outlines the methods 

originally laid out by Bazin concerning filmic techniques that heighten the perception 

of realism in CGI. These include depth-of-field, motion blur, camera movement and 

the interaction between live-action and CGI. Again he places digital imagining within 

the foundations of filmic practices, attempting to define its place in moving image 



theories. More relevant then is Buckland’s theory of ‘possible worlds’ and ‘modal 

logic’, which we will take here to mean ‘visualizing the concept of possibility’ 

(Kripke, 1980: 43). It affirms that CGI’s existence does not pertain to real life, instead 

possessing an entirely different ontological status. ‘Possible worlds are mind-

dependent because they cannot be located in nature, only in the thought processes and 

language of humans’ (Buckland, 2002: 212). In the case of ‘Sixes Last’, we can 

position the cyberflora in a ‘conceptual possible world’ by illuding to the fact they 

have profilmic referents and therefore perceive them to be real. 

 

 

Conclusions 

 

 

Photography, as a means of lighting synthetic objects, allows non-indexical CGI to 

position themselves within a critical framework of perceptual realism by 

incorporating physical, spatial and reflective illumination techniques. If natural 

lighting in CGI becomes an instrument by which realism can be determined, then lens 

captured lighting data is fundamental for verisimilitude. Varying elements in CGI 

production help contribute to its general realism but as we have discussed, ‘lighting 

and compositing are the most important.’ (Interview with Palep)  

 

CGI’s fascination with simulating perceptual realism allows synthetic objects based in 

‘Cartesian space’ to be integrated into live-action ‘such that its computerized 

components seem to fulfil the indexicalized conditions of photographic realism’. 

(Prince, 1996: 33) Digital imaging’s triumph over the ‘indexicalized conditions’ of 

the camera also ‘possesses a flexibility that frees it from the indexicality of 

photography’s relationship with the referent.’ (Prince, 1996: 30). However its ability 

to transcend any physical boundary of reality also constitutes its inherent failure to 

engrain a certificate of presence according to the laws of nature. Challenging these 

assumptions, HDRI has allowed the photographic referent to indexicalize synthetic 

objects, positioning CGI within the same truth claim as the photograph. 

 

 

 

 



 

 

This discourse has assessed the perceptual realism of ‘Sixes Last’ in its connection 

with the indexical nature of HDRI through IBL, addressing the synthetic objects in 

this work as being ‘referentially fictional’ (Prince, 1996: 32) while being perceptually 

real. Therefore I have created a case in point for IBL to simulate accurate lighting 

data that renders CGI in a photo-real manner to overcome previous ontological 

problems of CGI realism. With the development of IBL to simulate physical 

omnidirectional illumination, these previous directional lighting techniques appear 

unrealistic in comparison. However as discussed there is still room for improving 

these techniques as seen in the continuing works of Debevec and Pronk (SIBL). For 

perceptual realism to fully develop, CGI must address all areas of production 

successively, in particular those deemed the most difficult to physically simulate, i.e. 

movement and kinetics. As Manovich reveals, ‘realism of computer animation is 

highly uneven, reflecting the range of problems addressed and solved’ (Manovich, 

2001: 193). To expand, for CGI to fully mimic the real world, all of its varying 

elements (modelling, animating, lighting, texturing) must evolve to a similar level and 

exhibit the same degree of realism. Advancing technologies that physically engage 

the viewer within 3D environments will further develop our perceptions of reality. We 

have only considered the nature of simulated objects as images on a flat screen, the 

vast potential of virtual reality is still largely undiscovered where similar IBL lighting 

techniques can be used in fully integrated simulations. 
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