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Abstract
This study examines the effects of video compression on the believable integration of computer-generated (CG) characters among live-action film elements. Compression is requisite for the delivery of moving-image content to a variety of end-user applications, including cinema, online streaming, Blu-ray, and digital video files. The most common standards for compressing consumer-targeted video content include H.264/AVC and H.265/HEVC, each of which provide separate pros and cons depending on the type of footage and the degree of compression required. This research investigates a previously unexplored question: to what extent does the type and degree of compression affect how well virtual actors (vactors) appear to coexist within profilmic scenes? By extension, what visual results linked to compression have the greatest impact on compromising a vactor’s believable integration within a shot? Analyses of two feature films and a web-based advertisement at various compressions strengths provide data that strongly suggests that compression is more detrimental to the believability of CG versus profilmic characters within the same shot. Additionally, as compression strength increases, CG characters become more graphically abstracted, negatively impacting the quality of their visual integration, whereas profilmic actors remain recognisably human and plausibly integrated – a phenomenon I dub as “epiphanic resolution”. This research provides novel insights regarding the relationship between the finished video product as delivered by a film company versus how it may be perceived when viewed at different formats by a variety of audiences.
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1.      Introduction
Once the sole province of big-budget cinematic productions, computer-generated (CG) characters now commonly appear across a wide range of film, television, streaming, video-on-demand, and social media content. Unlike characters in fully animated productions, CG characters that appear within profilmic contexts are known as “vactors”, a portmanteau of “virtual” + “actor”. Vactors include digitally augmented humans as well as fully CG characters (Kennedy 2021: 173).
Since a vactor necessarily exists alongside live-action elements, part of a production’s spectacle is the degree to which the digital character believably inhabits a screen-space composed of elements that were recorded in front of a physical camera (i.e.: profilmic): the more realistic this coexistence, the greater the spectacle and believability. “Realism” and “believability” are slippery terms that are interrelated but not indistinct. The animation of a vactor is understood to be increasingly realistic the more it “adheres to the laws of physics and biology, whereby every motion is distinguished by subtle, unrepeatable nuances based on a performer’s ‘behavioural pattern’” (Joon 2008: 2). In the case of a vactor serving as a simulacrum of a human actor, the degree of animated realism depends on the extent to which the vactor’s movement and expressiveness mirror its flesh-and-blood counterpart. However, most vactors are not digital replicas of actors, so it is useful to identify other characteristics that, when taken together, enable an audience to suspend its disbelief and recognise a vactor as believably integrated within a shot. To match the ecology of a given shot, the vactor must exhibit the following features: plausible materiality, lighting consistent with the shot, matched perspective, movement tracked to the motion of the camera, subtlety and range of expression, and a performance that is consistent with the vactor’s size, proportions, and physical features. It is also vital that the vactor has the same degree of visible detail as the profilmic elements that surround it, or else the character will appear distinct from the rest of the world, thus reducing the believability of its integration. (Kennedy, 2019; 2022). Therefore, within the context of this article, the degree of vactor believability is positively correlated with the gestalt of visual details that are consistent with our real-world experience, and which are specific to the setting and circumstances at any moment within the story.
While the screen size, performance power, and available bandwidth of any device significantly influences the experience of watching moving image content, video compression also plays a critical role in the quality of that experience. In this article, I explore the effects of video compression on the believability of a vactor’s integration among live-action elements. A key observation is that compression artefacts are more detrimental to the believability of CG characters than profilmic characters within the same shot. As visual effects companies pursue techniques to generate ever more finely detailed vactors, it remains that profilmic characters possess details that are invariant to compression, whereas CG characters (currently) do not.
2.     Video Compression
Video compression is the process of compacting moving-image data into smaller file sizes, generally toward the goal of maximising the perceived visual quality between the original and compressed versions. This is achieved through removing redundant information from the video signal. In lossless compression, the redundant data can be reconstructed so that the quality of the video when played back matches the quality before compression. However, lossless methods only result in modest amounts of compression. By contrast, lossy compression may significantly reduce file sizes, but it is not possible to faithfully reconstruct the original video signal from the compressed data. However, the choice of data to be removed is based on subjective measures that are not intended to “significantly [affect] the viewer’s perception of visual quality” (Richardson 2003: 27).
At lesser degrees of compression, such changes may go unnoticed, but greater amounts of compression result in characteristic visual artefacts. Such artefacts also depend on the type of system used to compress (encode) the source data and decompress (decode) it back to a representation of the original data. An encoder/decoder pair is known as a codec (Richardson 2003: 27). This research is specifically concerned with the most common formats with which audiences engage with digital video for entertainment purposes. The three most common standards used to encode/decode consumer-targeted video content include MPEG-4 Visual, H.264/AVC (Advanced Video Coding), and H.265/HEVC (High-Efficiency Video Coding) (Richardson 2003: 6; Uhrina et al. 2014: 368).

2.1.      Perceived Visual Quality in Moving Images
Numerous techniques exist to quantify the visual quality of a video signal. While statistical methods exist for measuring the visual quality of video images, these do not necessarily reflect a viewer’s subjective perception of visual quality. Video quality assessment has been developed based on models of the human visual system (HVS) as a means for an algorithmic process to “see” a video in a manner similar to a human response (Seshadrinathan & Bovik 2010: 336). However, human perception of visual quality is also influenced by external factors, such as the viewer’s degree of engagement (active versus passive watching), the type of device used to watch a video, the viewing environment, the viewer’s state-of-mind, and whether the user is subjected to any distractions while viewing. (Richardson 2003: 21)
The field of image forensics is often concerned with the authenticity and provenance of an image or video. Within this context, authenticity refers to the “absence of manipulation”; (Hadwiger 2021: 11, original emphasis). In a strict theoretical sense, any processing, including compression/decompression, can be considered manipulation. However, not all manipulation necessarily results in changes perceivable by the HVS. Therefore, certain low-level manipulations may maintain semantic authenticity. For instance, the HVS is less sensitive to variations in colour than in luminance (brightness). Chroma subsampling is a common method to achieve lossy compression while maintaining perceived image quality, whereby the colour channels (Cb and Cr) are downsampled (given less resolution) than the luminance information (Y) of the same pixel (Hadwiger 2021: 23-24). By comparison, higher-level manipulations that involve inpainting, copy-pasting, splicing, or CG-based compositing violate the authenticity of the original video image (Hadwiger 2021: 11).

2.2.     Compression Artefacts
Since one of the main goals of video compression is to reduce the overall amount of data within a video sequence, it is not practical to encode information about every pixel. Instead, small rectangular regions (or blocks) of the frame are encoded and their relative motion estimated between frames within a given time interval (Richardson 2003: 32). While block-based motion compensation is relatively straightforward to define and solve by computer algorithms, it also has disadvantages (Richardson, 2003: 33). These include artefacts in the form of spatially and/or temporally inconsistent blocking patterns within the video frame, which may become more pronounced at higher levels of compression (Hadwiger 2021: 27).
Artefacts may also take other forms, including “blur, ringing, and motion compensation mismatches around object edges” (Seshadrinathan et al. 2010: 1429-1430). In lossy compression, more compression leads to less information preserved over unit of time (i.e.: a lower bitrate), resulting in an increased likelihood of visible artefacts. (Hadwiger 2021: 17-18). Certain features of the video image are robust against image compression, including intensity variations and colour characteristics. Other features, such as object boundaries, may become fuzzy at higher levels of compression due to blocking artefacts (2021: 52).
In general, the amount of distortion produced through encoding is heavily influenced by the motion and texture characteristics of the video images. For instance, there is greater difficulty in efficiently encoding sequences with high-motion content, high texture complexity, profilmic content composited with CG imagery, and/or frequent cutting between shots when compared to sequences with a balance of low-to-high-motion content and moderate texture complexity (Seeling & Reisslein 2014: 6; Katsenou et al. 2020: 26). The HVS is especially sensitive to the perception of inconsistencies (e.g.: visual artefacts) in the human face and body (Green et al. 2008), and therefore may be more likely to detect artefacts in shots depicting human subjects close to camera, especially at lower bitrates.  

3.     Methods
This section is devoted to a personal account and reflection of my phenomenological experience of vactors vis-à-vis data compression using H.264 and H.265 encoding standards. Here I engage with an autoethnographic approach to examine my perceptions of vactor believability in different contexts over time across two films and an online advertisement. This is informed by my twenty years’ experience as a 3D generalist, including proficiency in modelling, texturing, lighting, rendering, compositing, and character animation. A detailed description of the technical considerations of my methodology is included at the end of this article.
For the purposes of this research, I selected specific scenes from Infinity War that prominently feature Thanos. The relevant time markers and scene descriptions are listed below:

	Scene Code

	Time Markers 
(h:mm:ss)

	                    Scene Description

	AIW01:
	0:43:03 – 0:44:27
	Thanos confronts child Gamora


	AIW02:
	1:05:29 – 1:10:53
	Thanos learns the location of the Soul Stone


	AIW03:
	1:26:49 – 1:30:32
	Thanos sacrifices Gamora to get the Soul Stone


	AIW04:
	1:46:00 – 1:52:55
	Thanos battles The Avengers on Titan


	AIW05:
	2:08:32 – 2:11:10
	Thanos captures the Mind Stone




To test the impact of encoding on vactor integration, each of these scenes were compressed using x264 and x265 encoding and subjected to a range of compression strengths (x264 and x265 are implementations of the H.264 and H.265 standards, respectively). For this research, I used HandBrake for Windows 10 (HandBrake Team), a free open-source video transcoder that produces high-quality compression results, to compress the files. Each file was saved in .MP4 format. 
The compression strength is determined by HandBrake’s constant rate factor (RF) value, which spans from 0 to 51. For each of the selected scenes, I produced versions in both x264 and x265 encodings at the following RF values: 5, 15, 25, and 35. The versions at higher RF values reduce file sizes but progressively introduce more artefacts.
While VLC provided faithful colour playback of the film, it only offered a means for advancing a single frame at a time. To interactively “scrub” backwards and forwards over a region of video (for instance, while examining the effect of temporal compression artefacts), a dedicated video editing software was useful. By using a Premiere Pro (Adobe 2022), an industry-standard video editing software, I was also able to create synced side-by-side analyses of the videos.
The software settings used in this research are included in a detailed account at the end of this article.



5.     Analysis of Avengers: Infinity War
In this section, I analyse my perceived experience of Thanos’ believability in each of the scenes I outlined in Section 4. I separate the analyses based on RF value, and all scenes encoded at a particular RF value are discussed together.
5.1.     RF 5
As previously mentioned, the video result obtained at RF 5 is perceptibly identical to the source video. Therefore, the analysis at this level is not concerned with compression artefacts. Instead, my attention is drawn to any other visual features embedded in the original Ultra HD disc encoding that stand out to me.
Thanos’ digital skin is highly detailed and contains many high-resolution characteristics similar to humans, such as skin pores, wrinkles, and stubble. However, his skin appears to have greater colour saturation compared to his profilmic counterparts. (Thanos’ skin is fractionally more saturated in the x264 version. This difference in saturation is isolated to Thanos and does not affect the background or profilmic actors.) While Thanos is meant to be a humanoid alien with purple skin, the degree of saturation feels exaggerated based on several factors: 
1. the lighting in the scene; 
2. my personal experience of subsurface scattering (i.e.: the nature of how light penetrates and scatters through a translucent object, like skin); and
3. direct comparison to the profilmic actors accompanying him, who are subject to the same lighting and whose subsurface scattering is physically accurate by definition.
This is a subtle observation, but when dealing with vactor characters that are extremely realistic, any deviation from our tacit expectation becomes amplified à la the uncanny valley (Mori 1970). While great care was taken in the look development of Thanos for Infinity War, the amount of subsurface scattering and resulting colour saturation is ultimately a creative choice on behalf of a team of artists, directors, and producers. There is no real-world Titanian Eternal with purple skin to compare Thanos against, so the fact that he is so believable whilst his saturation is marginally incongruous is a testament to how difficult it is to produce fully believable vactor integrations.
A direct comparison between the RF 5 versions and the source video reveal several subtle but important differences. While RF 5 is perceptibly identical to the source video when played at full size, these differences are more apparent when the resolution is magnified. The small variations noticeable between RF 5 and the source video become progressively more exaggerated the higher the RF value (i.e.: compression strength). For instance, when viewed at a 400%-800% magnification, the source video has more apparent granularity in the texture of Thanos’ face compared to the RF 5 version. This granularity produces more realistic colouration and highlight/shadow details. Already at RF 5, there is a loss of fine microdetails, resulting in splotchier colouration overall. These differences are only directly noticeable at the enhanced magnification, but on a large, ultra-high-definition screen, they may result in a subconscious response that something does not “feel right” about the character. 
Problems along the border between the character and background are more noticeable in shots where Thanos is composited with a live-action plate, such as in AIW05. By comparison, in AIW01-AIW04, Thanos is primarily composited against CG backdrops. Based on my professional visual effects experience, creating a believable integration of a CG character into a CG backdrop is more controllable than compositing against live-action elements. There are two shots I examine here: in AIW04 when the character Mantis straddles Thanos’ head; and in AIW05, when Thanos is composited against the forest background. In each of these shots, there is a highly detailed granular pattern of pixels at the narrow border between Thanos’ body and the background elements. This edge grain is important in creating a believable transition between a CG character and the background because the granularity is a key visual element in depicting depth of field in a way that is consistent with optical properties of a physical camera. When Thanos’ edges are less in focus, the border becomes wider, resulting in a region in which pixels associated with the foreground (CG) and background (profilmic) details narrowly overlap. The virtual cinematography and rendering team would have replicated the positions, movements, and settings of the physical cameras used to film the live-action elements to ensure that the rendering details, including the edge grain, were consistent. In the source video, this edge grain is preserved well, but even at RF 5, some of the edge grain is blurred due to compression. Again, these differences are noticeable only at significant magnification, but they are indicative of a compounding issue at higher degrees of compression. 

5.2.     RF 15
At standard magnification, there is not much perceptible difference between RF 5 and RF 15. There is a continued smoothing of high-frequency details, especially grain and noise, but these modifications become apparent only when zooming into the video. In these examples, the x264 compression retains microdetails better than x265 (although the details that are preserved with x265 are slightly sharper than with x264).
In AIW01, some granular-level details begin to blur with the x265 encoding. In close-up shots of Thanos’ head, the compression leads to splotches of increased saturation, resulting in a more purple-coloured face overall – a result that was not present in the RF 5 footage. By comparison, the colouration of young Gamora (who is painted green by practical makeup artists) does not exhibit any comparable saturation change. 
Changes to the vactor’s saturation appear in isolated patches among larger swathes of correct colours. As Lui points out in his extensive Handbrake compression test comparisons, as the RF increases, it is more likely for colours to posterise (2016) – a process where, due to a reduced bit depth, smooth gradations between colours are replaced by regions of fewer tones with abrupt and noticeable changes between each (Scientific Volume Imaging 2023). Posterisation is present in both the x264 and x265 encodings at RF 15, but it is more acute in darker regions with x264 encoding, and in brighter regions with x265 encoding. 
The x264 encoding does a better job of preserving micro-highlights (on features like skin bumps), which provides key information about microdetails, even when the other granular detail is lost. By comparison, the x265 encoding often eliminates the micro-highlights, including highlights of vellus hair, when smoothing the video image. While the smoothing of these features does not make profilmic actors look less real, it has the effect of making vactors appear more graphically stylised and less real by comparison. A combination of smoothed features and more saturated colours amplify the stylised appearance, which is out of place within the verisimilar realistic aesthetic of the rest of the film.

5.3.     RF 25
[bookmark: _Hlk200097804]At higher compression (RF 25), the vactor’s details are smoother but still believable, although now closer to a high-end video game character than a cinematic figure. In AIW03, for example, much of Thanos’ fine detail vanishes, especially in darker areas, where colours flatten and textures blur. The older x264 format exaggerates these flaws more than x265, introducing blockiness, colour blotches, and posterisation that dull the realism. Still, most of these imperfections are subtle in motion and become obvious only when closely examining still frames.

Notably, the eyes demonstrate detail loss, especially at the junction between the sclera and iris, as well as in the corneal highlights. This result in eyes that feel less “alive”, with irises and pupils possessing less “depth” – both physically and metaphorically. The x264 compression makes the iris look flatter due to a loss of detail in the furrows of the iris and an apparent flattening of the iris’ natural convexity, especially nearer the pupil. This creates the impression of a feature that is two-dimensional rather than three-dimensional. There is also less colour variation in the iris by comparison to the source. The eyes play a disproportionately large role in how “real” a digital character appears, and therefore are critical to a vactor’s believability when compared to a profilmic co-star. The x265 encoding does a better job of retaining the eye details from the source, including the same brightness, colour, and shape of the highlights and iris details. 
Similarly, colour issues throughout the body lead to a perceived “flattening” of the vactor. At RF 25, there is a reduction in the contrast between Thanos’ light and dark regions. This results in a character that feels increasingly two-dimensional. This is counterproductive when so much of the artists’ effort will have been invested in creating the illusion of a highly detailed 3D form.
At RF 25, boundary artefacts become more apparent, especially at the edge between the vactor’s body and background image. This is more problematic with x265 compression, which results in numerous block artefacts that overlap the boundary between character and background. These are especially noticeable when there is a significant difference in contrast between vactor and background, as in sections of AIW04. 
The boundaries are also regions where, due to shallow depth of field and the three-dimensional curvature of a character’s skull, details closer to the outer edge of a character are blurrier than details nearer the camera. This provides a distance-based reduction of detail that is consistent with a cinematic or photographic look, which is present in the source. However, at RF 25, these subtle variations are lost due to smoothing of all fine details, resulting in no apparent distance-based reduction. This further flattens the 3D look of the character and generates a more stylised/graphical image. This effect is even more prominent with the x264 encoding.

5.4.     RF 35
While the RF 25 level of compression still produced a result with reasonable fidelity to the source, the result at RF 35 is a significant degradation in quality. There are notable differences between the x264 and x265 encodings, which I separately describe below. 
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Figure 1: Source footage of Thanos (Josh Brolin) in AIW05 (left) alongside version compressed at RF 35 with x265 encoding, Anthony Russo & Joe Russo (dirs.), Avengers: Infinity War, 2018. USA. © Marvel Studios. Images saved as 8-bit PNG files without compression.

At x265 encoding, there is a full-scale loss of microdetails by comparison to the source. Many block artefacts are large and prominent, especially at the character-background boundaries. In shots where vactors and profilmic actors are side-by-side, the artifice of the digital characters especially contrasts with the profilmic actors. The latter retain believable details despite a loss of detail, whereas the former begin to look like stylised versions of their original designs.
In AIW01, during a long shot of young Gamora and Thanos walking toward a temple with their backs toward camera, Gamora’s colouration looks far more consistent with the dusty and greyish contrast produced by the x265 encoding, whereas the many vactors in the scene possess much greater contrast in colouration. In the source encoding for this shot, the contrast and saturation throughout the image is much more consistent and better integrated, but this integration becomes less believable as the compression strength increases. Despite the greater contrast in colour, Thanos’ skin is desaturated by comparison to the source, appearing greyer than purple.
In the same sequence, Thanos shows Gamora a baroque switchblade, holding it in his hand near her face. In this shot, compression artefacts are much more apparent on Thanos’ CG hand than on Gamora’s profilmic face. At this degree of compression, temporal artefacts become noticeable, including “halos” around the CG hand as it moves through cinematic space. There is also a significant degree of colour mismatch along the boundary between Thanos’ purple CG hand and his golden body armour, which results in blocks of green, blue, and magenta along the edge of his thumb. By comparison, the colours at the boundary between Gamora’s green face and her red-brown hair/clothing are more consistent with the source video along these same regions.
In AIW05, a long shot features Thanos against a live-action background as he walks toward camera. Here, the image of Thanos suffers from excessive spatial and temporal compression issues, especially at the boundary between the vactor and the profilmic background (Figure 1). The boundary along the character’s head and arms is unstable, constantly flickering between compression blocks that represent his body and blocks that represent the leafy green backdrop. This shifting bias elicits an ethereal quality along the edge of the character, producing a “thinning out” effect. This appears to be most problematic when the character is walking toward camera against a visually complex profilmic backdrop. A blocky compression halo traces the boundary between the character and background, which further visually separates Thanos from his surroundings, de-integrating him from the shot. Altogether, the loss of detail due to this level of compression results in a flattening of the vactor’s features, which renders further graphic stylisation of the image. While a degree of flattening also occurs on the profilmic character Wanda Maximoff, it is far less noticeable. By comparison, the x264 encoding provides better saturation fidelity within each frame; however, there is greater loss of detail overall, including far more compression-based noise throughout each frame. The degree of flattening is even more pronounced with this greater loss of detail.
During a shot in which Thanos’ hand touches Maximoff’s hair, there is a significant difference in resolution between the CG hand and the live-action hair. The source footage reveals a similar apparent level of detail between vactor and profilmic actor, but the x265 compression eliminates the majority of the CG skin details, rendering the hand at a much lower apparent resolution compared to the level of detail within the strands of Maximoff’s red hair. This visually separates the two interacting elements from each other. 
Essentially, the x265 compression is better at preserving some higher-resolution details while also smoothing the pixels to reduce noise. This smoothing is much more noticeable on CG characters than live-action performers, leading to a significant reduction in believable integration between the two. The x264 footage does not retain as much detail and is noisier. However, since the noise is relatively uniform throughout the image (including both CG and profilmic elements), the vactors and live-action elements within some shots appear to be more believably integrated.
In a two-shot where Thor drives his axe into Thanos’ chest, another issue becomes apparent while the two characters’ faces are in close proximity to each other (offering a rare direct and proportional comparison between a vactor and profilmic character). As a result of the x265 compression, the highlights on Thanos’ skin appear to lose intensity and spread out. The resulting image is one where the lighting on the CG elements does not consistently match the lighting on the profilmic elements, further loosening the integration. The x264 version appears to preserve the colouration of the skin and the intensity/location of the highlights more faithfully, while reducing the overall detail.
An area where the x264 compression’s loss of detail is more worrisome is in the ensuing shot of Thanos’ aggrieved face as Thor presses his axe further into his chest. In the source footage, there are subtle micromovements along the outer ridge of Thanos’ left zygomatic bone (the region of attachment between cheek and cheek bone). These micromovements are preserved reasonably well in the x265 footage, but they are nearly undetectable in the x264 version. This is a signal that many of the very small details we subconsciously associate with believable expressions and body movements may be lost at higher degrees of compression, resulting in less believability for a digital character.

6.     Analysis of Other Vactors
The analysis of Avengers: Infinity War provides many insights, but without comparison to other examples, the details discussed above could be regarded as specific to the one film instead of being representative of a broader issue. To explore the effect of compression on vactor integration, I briefly analyse two other examples: a film and an online advertisement. Each of these examples are subjected to the same encoding processes outlined in Section 4.  

6.2.     Malaria Must Die 
For the British campaign “Malaria Must Die: A World Without Malaria”, RSA Films Amsterdam partnered with Digital Domain to produce a 60-second promotional film featuring football star David Beckham. The film begins with Beckham addressing an unseen audience from a podium, his face digitally aged forward by thirty years. Midway through his speech, the digital version transitions to reveal Beckham at his present age: 47 years old at the time of filming. RSA filmed clips of Beckham and an older stand-in delivering the same speech, which were analysed by Charlatan to produce an aged version of Beckham that matched the lighting, motions, and expressions of his original performance. Digital artists finessed the result through matte painting and compositing techniques, including modifications to the hair, skin, and beard to create a believable age transformation (Digital Domain, 2023a). 
Side-by-side comparison of an unadjusted versus an aged version of the same frame (Figure 2) reveals not just a greying of Beckham’s hair, eyebrows, and beard, but also an ashier complexion throughout his face. Long, deep crows’ feet radiate around his eyes and temples. His hairline recedes and a shadow is added beneath his cheekbones to produce a gaunter appearance. His earlobes lengthen and the skin sags below his eyes, along his naso-labial folds (laugh lines), and at the corners of his mouth. 

[image: ]
Figure 2: Side-by-side comparison of unaged vs aged version of same frame of David Beckham, Zero Malaria Britain, A World Without Malaria – Behind the Scenes, 2021. 
An original source copy of Malaria Must Die (Zero Malaria Britain, 2021) is available for download from Vimeo at a resolution of 1920x800 pixels (Felipe 2021). The shot of Beckham is continuous from 0:00:03-0:00:52, with the transition from elderly to middle-age Beckham occurring over approximately 50 frames starting from 0:00:30. Beckham is shot in front of a green screen at a London theatre; the same theatre stage was also filmed and composited behind Beckham to provide greater postproduction control of the performer as a CG element.
While the source version demonstrates a high level of age-related detail and does an admirable job following Beckham’s original performance, there is an uncanniness to the CG face that is only magnified when it is contrasted against his profilmic countenance two seconds later. The lighting in the CG version has stronger variation between light and dark colours compared to the live-action version, especially in the sheen of the digital grey hairs. The wrinkles, particularly around the eyes, are too dark for the ashy quality of the skin. Based on my own rendering experience, I would attribute this to an inadequate amount of subsurface scattering of light within the epidermis, resulting in dark creases that should be closer in value to the surrounding flesh tones. When the CG version blinks, there is no perceptible horizontal eyelid translation, although this is readily observable in Beckham’s profilmic blinks. Compared to the profilmic eyeball, the digital irises are less clearly defined and the highlights on the digital corneas are significantly dimmer and more diffuse. Likewise, the reflections on the CG skin are far more diffuse, resulting in less shininess in the highlights. When comparing similar blinks between the CG and profilmic versions, visible micromovements produced by the orbicularis oculi muscle (the concentric muscle surrounding and including the eyelids) contracting the wrinkles around the eyes on Beckham’s organic face are present but of much lower intensity on the digital counterpart. This is consistent with observations that due to age-related changes in the orbicularis oculi muscle, the blinks of older men are less likely to completely close, and do so at a lower velocity than younger men (Sforza et al. 2008). 
All of these factors result in a digitally aged face that feels more graphically abstracted than real. This is an issue also seen in the previous example, although the graphical abstraction of the CG Beckham in the Malaria Must Die source is much more pronounced than for Thanos in Infinity War. Perhaps the graphic quality is intensified because this example offers such a close comparison between the vactor and profilmic versions of the same person within the same shot.
I shall briefly compare the source to the progressive levels of compression. There is no perceptible difference between RF 5 and the source at either x264 or x265 encodings. As is typical of x265 encoding, there is greater smoothing at RF 15, while the x264 encoding retains a grainier quality that is more consistent with the detail in the source; however, these changes are only perceptible at increased magnification. 
Although the micromovements around the eyelids may be reduced for older men, they are fully eliminated in both RF 25 encodings. This results in a face with disconnected movements: eyelids close with seemingly no effect on surrounding (and contributing) tissues. Such isolated movements inhibit believable integration of the CG face alongside a profilmic face that is capable of holistic expressive deformation, and are representative of increasing graphical abstraction. As the RF values increase, there are further reductions in micromovements elsewhere on the CG face. Likewise, graphical abstraction increases by direct proportion to compression strength. At RF 35, the transition from the CG to the profilmic face feels as if a rigid mask constricting Beckham’s expressiveness is wiped away. 
Since the CG version of Beckham’s face is composited in front of a profilmic plate, it is worthwhile to examine the character/background boundary to gauge the quality of integration, as this is a problematic area in the Infinity War example at higher levels of compression. In Malaria Must Die, the integration along this boundary remains believable through RF 35 for both x264 and x265 encodings. Surprisingly, the quality of integration along the boundary of the CG face is perceptibly identical to the boundary of the profilmic face. However, the reason for this is likely due to the relative consistency, darkness, and low detail of the background; this is significantly different to the complex background in AIW05 against which Thanos’ composite became unstable at higher compressions.



6.2.     Free Guy
This article has so far explored vactors in the form of a fully computer-generated character (Thanos), as well as a hybrid solution to digitally replace the face of a profilmic performer (David Beckham). The visual effects for these examples were fully produced by Digital Domain (2023a; 2023b). This provides consistency in technical expertise, but any integration issues common to these examples could be interpreted as intrinsic to the methodologies used by Digital Domain rather than being characteristic of a broader trend among contemporary vactors. As a final example, I investigate the digital hybrid character Dude from the film Free Guy (Levy, 2021). The film stars Ryan Reynolds in the role of Guy, a non-player character in a MMORPG who becomes self-aware. In the final act of the movie, Guy is forced to combat Dude, a musclebound (and intellectually stunted) version of himself. To produce Dude, body-builder Aaron Reed physically performed the shots on set and his face was digitally replaced with Reynold’s features. Elements such as Reed’s hair were preserved, and since Dude is shirtless, the majority of Reed’s body details remain onscreen while only his facial features are changed. While Digital Domain was responsible for producing a fully digital vactor to substitute for Reynolds during stunt scenes, the finished facial integration was produced by Lola, a visual effects company that specialises in digital cosmetic enhancements for live-action characters. (Fame Focus 2022).
[image: ]
Figure 3. Source footage of Dude and Guy (top) in FG01, and the version compressed at RF 35 with x265 encoding (bottom), Shawn Levy (dir.), Free Guy, 2021. USA. © 21 Laps Entertainment.
This section considers the full sequence that involves Guy and Dude (1:28:07-1:32:53). Within this interval, there are close-ups, mid-shots, two shots, and long shots of both characters. However, after reviewing all of the shots, I focused on the following two: 
	Scene Code

	Time Markers 
(h:mm:ss)

	                    Scene Description

	FG01:
	1:28:14 – 1:28:17
	Dude is revealed (medium close-up)


	FG02:
	1:29:46 – 1:29:49
	Dude picks up Guy by his shirt collar (two-shot)



The source footage is a MP4 file at a resolution of 3840 x 2160 pixels (2160p) and frame rate of 23.98 frames-per-second using H.265/HEVC encoding, with a file size of 47.3GB. The difference between the source and RF 5 compression is faintly perceptible only at significant magnification (400%): the x264 encoding retains better granular fidelity than x265, which fractionally loses some granular details due to smoothing.
There is minimal perceptible difference between RF 15 and RF 5. The x264 encoding still retains greater detail fidelity than the smoothing-prone x265 encoding. Both compressions produce a degree of colour splotching, particularly among the pinker flesh-tones, although the x264 version has more pronounced splotching (with larger and more spread-out patches). Again, these are only perceptible at higher magnifications of close-ups specifically, such as in FG01. This doesn’t appear to affect the believability of the integration, which remains high even in FG02.
While RF25 introduces some posterisation within the background, the integration remains surprisingly believable for the close-up shots, including FG01. This is likely due to the fact that only parts of the face are computer-generated, whereas the profilmic hairline belongs to Reed. At this level of compression, the x265 encoding has greater fidelity to the source, whereas x264 version is splotchier, less detailed, and the facial features appear slightly flatter due to the loss of some highlights. In FG02, there is more detail loss at both compression levels. The x265 encoding better retains the three-dimensionality of Dude’s face, although there is some breakdown of the character/background boundary, resulting in a slightly thicker nose and mouth region. On Reynold’s profilmic face, there is colour splotching, including some flesh tones that sit beyond the nose, but the perceptible profile of the nose and mouth remain identical to the source. In the x264 encoding, the background trespasses Dude’s profile along the nose/mouth region, whereas this does not occur on the profilmic version. The CG facial details are reduced by comparison to those in the x265 version, resulting in a face that feels flatter overall and increasingly graphical. 
At RF 35, FG01 retains better believability (especially at x265 encoding) than the same degree of compression in the three previous examples (Figure 3). While there are significant flesh-tones and green colour splotches, these are consistent with splotching throughout the rest of Dude’s profilmic body. The edges along the character/background boundary remain consistent with the source, most likely because they are profilmic. By comparison, the x264 version does not retain as much detail in the range of lights and darks, resulting in highly smoothed features. The boundary details begin to bleed with the background, which, due to dithering, is now overly bright surrounding Dude’s silhouette. In FG02, Dude no longer feels integrated at either encoding. There is a loss of colour fidelity that makes his face look overly dark, especially in the x264 version. Dude’s eyes are slightly reduced in size and are less convex than in the source. By comparison, profilmic Reynolds retains better colouration, even though the details on his face are also significantly degraded. However, they are more consistent with the colouration/lighting of the source, as well as with the rest of the compressed image. The shapes of the profilmic facial features remain unchanged.



7.     Discussion and Conclusion
This article provides novel research into the relationship between compression fidelity and the believable integration of vactors within profilmic environments. The examples discussed in this research include a variety of separate (and sometimes interrelated) production techniques. The Thanos vactor was created through a standard 3D production process and was composited into profilmic and CG backgrounds. The Beckham vactor was created through a proprietary, high-end deepfakes process (Charlatan) based on live performance materials. Dude was created through a facial replacement process that combines some of these techniques while providing a more exact process for recovering lighting information from the source footage (Fame Focus, 2022).
When comparing the effects of compression on the three examples discussed in this research, a number of consistencies are identified. In every example, the RF 5 compression is perceptibly identical to the source footage. At RF 15, the perceptible quality at the intended resolution remains similar to RF 5; however, at increased magnifications (400%-800%), the x264 encoding retains better microdetail information, while the x265 encoding smooths out some of these details. As RF increases, the x265 encoding retains better details than x264 at the same compression levels. Granular details within the film image are progressively lost and there is a tendency toward colour splotching, posterisation, and a loss of facial micromovements. Some features (especially the eyes) look flatter and less “alive”. Overall, the vactor begins to show signs of graphical abstraction, resulting in a subtle separation between the vactor and its background/environment. At RF 35, these issues compound, resulting in a significantly degraded image with severely compromised vactor integration. In shots that include both vactors and profilmic characters, the profilmic elements are less affected by these same issues and remain believably integrated. The character/background boundary is a significant area in which vactor integration is compromised, due to spatial and temporal artefacts straddling this boundary, swapping character details with background details, and thus ambiguating the CG character’s outline. The vactor loses nearly all meaningful cues about its depth, resulting in a highly graphical form. 


7.1.     Epiphanic Resolution
[bookmark: OLE_LINK1]To describe the tendency of vactors toward less believable integration at higher levels of compression, I propose the term epiphanic resolution. “Epiphanic” is the adjective form of “epiphany”, a concept with a complex metaphysical history. Epiphany extends from the Greek epiphaneia, which means “manifestation” or “striking appearance” (MacDuff 2020: 23), and often relates to a festival commemorating the appearance of a deity in sight of worshippers. This extends from the verb epiphainein, which means “to manifest, display, show off; come suddenly into view” (epi [on, to] + phainein [to show, appear]) (Oxford Etymology Dictionary 2017). In the novel “Fall; or, Dodge in Hell”, author Neal Stephenson reflects on the concept of epiphany as “not just appearance in a naked, bald sense but something a little more indirect, more layered.” (2019: 257). This is consistent with modern understanding of epiphany that was popularised in the autobiographical novel “Stephen Hero” by Irish author James Joyce, which entails a “sudden manifestation or perception of the essential nature of meaning of something” (MacDuff 2020: 24). The traditional definition of epiphany suggests an apparition appears “above the site of revelation, such as the star of the magi”, whereas the modern definition accounts for a “[revealing of] something hitherto unrecognized” which may sit displaced from or beside the location in question (2020: 25). For instance, the epiphanies of Yahweh in the Hebrew Bible do not reveal a deity in literal form but rather in manifestations within dreams or through an angelic avatar (2020: 27).
I extend this understanding of “epiphany” as a metaphor to better understand how computer-generated pixels coexist amongst profilmic sources, especially within the context of spatio-temporal compression. Therefore, I define epiphanic resolution as “the phenomenon in which believably integrated computer-generated elements begin to manifest as ‘on top of’ or ‘separate to’ a related ecology of profilmic pixels as a result of video compression”. Each of the three examples explored in this article progressively result in an epiphanic resolution as the degree of video compression increases.

7.2.     Conclusion 
While this research is limited to two films and an online advertisement, these examples provide consistent evidence that the visual believability of a vactor heavily depends on the quality of the character’s integration among profilmic elements. As a shot is subjected to various degrees of compression for a range of delivery formats (e.g.: cinema, streaming, Blu-ray, digital video files), the compression artefacts are significantly more detrimental to the believability of a vactor’s integration than on the believability of profilmic elements within the same shot. 
The films analysed in this article were subjected to various degrees of compression using x264 and x265 encodings. As compression increases with both, finely detailed features within the video image are lost. The x265 encoding is especially aggressive at smoothing fine details, which can be far more detrimental to the believability of CG characters. For instance, in the Thanos example, the smoothing of Thanos’ features impairs the visual and performance realism of the character. Modelling artists would have invested significant labour into producing microdetails throughout Thanos’ face and body. These details are designed to closely approximate the level of detail that is intrinsic to flesh-and-blood humans. When a digital character coexists in a shot with a profilmic character, the level of detail between the two must be equivalent to produce a believable integration, with the onus placed on the vactor. However, compression-based smoothing has more deleterious effects on CG characters than profilmic ones. This suggests that (as of this writing) while a vactor model may be finely detailed, a profilmic character possesses additional details that are invariant to compression and the viewer’s recognition of a consistently integrated image. 
The detailed work of compositing artists is likewise affected by compression artefacts. The compositing process seeks to sew together many disparate elements into a seamless amalgam. While this may be perfected at the production phase, compression degradation introduced during the distribution phase tends to highlight the problematic edges between profilmic and digitally created elements. 
While it may be undesirable for compression to fracture the integration of a composited image once a film is released to the public, the techniques outlined in this paper may have additional utility. For instance, introducing a purposeful drop in compression quality during the compositing stage could be a means for revealing “weak” compositing that needs ameliorating before completion. That is, the perceived negative effects of video compression can be used during postproduction to test for epiphanic resolution. This could be done via different compositing strategies, with assessments made based on side-by-side tests of the resulting degree of epiphanic resolution from each. Artist-researcher Katerina Athanasopoulou likens this process to “the idea of virtually stretching the fabric of the work, to see if (and for how long) it can hold its structure” (personal communication, April 21, 2025).
By pursuing compression as a potential factor in believable integration, this research offers novel insights into factors accounting for believable vactor integration beyond just the techniques used by visual effects studios to produce these characters. The relationship between increased compression strength and increased graphical abstraction of vactor characters is useful information for distribution companies to understand. This research may also spur the development of future encoding implementations to create user-based options that better preserve vactor details, thereby minimising unintended graphical abstraction. 

Technical Considerations and Software Settings:
The H.264 encoding standard was designed for resolutions no greater than 1920x1080 pixels (1080p), although subsequent updates are capable of compressing larger resolutions. By comparison, the H.265-HEVC (High Efficiency Video Coding) standard introduced in 2013 provides solutions for encoding larger resolutions (e.g.: 2K, 4K) that are visually similar to H.264/MPEG-4 results but at smaller file sizes (Jayaratne et al. 2022). 
Each film/advertisement is analysed based on content with the least amount of compression available. Where this is a Blu-ray disc, as in the case of Avengers: Infinity War (Russo & Russo, 2018), I created a faithful transfer of the film as a digital file to facilitate frame-by-frame analysis using video editing software. This involved copying a version of the film in MP4 file format at a resolution of 3840 x 2160 pixels (2160p) and frame rate of 23.976 frames-per-second using H.265/HEVC encoding. The file size is 60GB, which is near the storage limit (66GB) of a dual-layer Ultra HD Blu-ray disc (Blu-ray Disk Association 2015: 32), indicating high fidelity between the digital file and its source. 
To test the quality of the MP4 file against the disc version, I synced both the Blu-ray and MP4 versions of Infinity War using VLC Media Player (VideoLAN 2022) on two identical 27-inch monitors (Philips 273V7QJAB/79), which are capable of a maximum 1920x1080-pixel (1080p) display. Through side-by-side comparison and evaluation of identical frames, I determined the MP4 copy is visually indistinguishable from the version on the 4K Ultra HD disc.
I used the following settings within HandBrake to compress each file:
	                                x264
	                               x265

	· Format: MP4
· Frame Rate: 23.976 fps (Peak) 
· Size: 3840 x 2160 pixels
· Video Codec: H.264 (x264)
· 2-Pass Encoding
· Encoder Tune: None
· Encoder Profile: Main
· Encoder Level: 5.2

	· Format: MP4
· Frame Rate: 23.976 fps (Peak)
· Size: 3840 x 2160 pixels
· Video Codec: H.265 (x265)
· 2-Pass Encoding
· Encoder Tune: None
· Encoder Profile: Main
· Encoder Level: Auto



For x264/265 encoding, Handbrake’s RF value is inversely proportional to quality and file size (e.g.: a lower RF value produces higher quality imagery and larger file sizes, and vice-versa). HandBrake’s documentation recommends the following RF settings for x264 and x265 encoders:
· RF 20-24 for 1080p Full High Definition
· RF 22-28 for 2160p 4K Ultra High Definition (Sepos, 2023)
When displayed in Adobe Premiere Pro, the scenes studied in this article appeared washed out by comparison to viewing them in VLC. This was due to different colour management profiles between each software. To visually colour-match Premiere’s results to VLC, I enabled Premiere’s “Display Colour Management” feature. This produced more vibrant contrast and saturation, but was inconsistent with the results from VLC, especially in the brightest and darkest details of the video. To calibrate for this, I added a ProcAmp video effect to the video layers with the following settings in Premiere:
· Brightness: 6.0
· Contrast: 75.0
· Hue: 0.0
· Saturation: 80.0
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