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[bookmark: _Toc196739327]Introduction
Since "Avatar" initiated the visual revolution, special effects films have continuously broken through technical boundaries. Alita: Battle Angel, a sci-fi blockbuster supervised by James Cameron and directed by Robert Rodriguez, is adapted from the novel Ghost in the Shell by Japanese manga artist Yukito Kinjo and produced by 20th Century Fox. The film stars Rosa. Salazar, Christopher. Waltz, Mahshala. Starring Ali and Jennifer Connelly. The story is set in the 26th century and tells of a mechanical girl who, in a post-apocalyptic world, is fortunate enough to be reborn and bravely strives to change the world, embarking on a journey to explore the truth. This not only pays tribute to the original work "Ghost in the Shell", but also becomes a new milestone in the special effects industry.
With the development of technology, the status of digital images in film production is increasingly rising, and "Alita: Battle Angel" is a representative work that has brought CG technology to the extreme. Since the trailer was released, the audience has been stunned by its highly realistic character modeling, delicate and smooth motion capture, and futuristic world construction. Behind these stunning visual effects lies a vast and precise animation production system that is silently supporting them.
To have a clearer understanding of the industrial process behind a science fiction special effects film, let's start with the overall budget allocation of the film and analyze its investment in personnel, equipment, special effects, post-production and other links. Next, we will focus on the core highlight of the film - the construction and performance capture technology of Alita, a fully CG character, and delve into the application of key technologies such as facial modeling, hair simulation, and muscle dynamic systems. Subsequently, this report will focus on dissecting the most captivating fight scenes in the film, from motion capture to the final rendering, at every stage, attempting to calculate the time and cost spent behind each minute of footage.
Through these contents, we hope not only to present the high technical achievements of this film, but also to enable readers to understand the true costs and challenges of special effects production in the contemporary film industry. Now, let's officially step into the world of animation production and behind-the-scenes special effects of "Alita: Battle Angel".
1. [bookmark: _Toc196739328]Overall cost composition
According to public information, the production budget of "Alita: Battle Angel" ranges from 150 million to 200 million US dollars. As a high-tech film supervised by James Cameron and with the main participation of Weta Digital, the budget scale was already at the top level of special effects films at that time (in 2019). The funds of the film are mainly invested in the following core parts:
[bookmark: _Toc196739329]1.1 Special effects and animation production (accounting for approximately 55% - 60%)
Visual effects are the most core technical highlight of this film, especially in the modeling and performance capture of the "all-CG character" Alita, which consumed a great deal of human and computing resources. Weta Digital employed approximately 800 special effects artists, used over 30,000 rendering devices, and the total rendering time exceeded 432 million hours. This part of the budget is expected to be as high as more than 90 million US dollars.
[bookmark: _Toc196739330]1.2 Shooting and on-site construction (accounting for approximately 20%)
Although the film features a large number of CG scenes, some urban ruins and indoor Spaces are still constructed by combining real scenes with green screens. It is reported that the main shooting location was in Austin, Texas, USA. The production team recreated a scene of over 9,000 square feet of "Scrap Iron Town" at the shooting base. This part of the cost mainly includes the rental of photography equipment, sets, props and the salaries of on-site personnel, etc.
[bookmark: _Toc196739331]1.3 Actor compensation and human resources (accounting for approximately 10%)
As a medium to large-scale production, the actors' remuneration does not account for a very high proportion. The contract of the lead actress Rosa Salazar may adopt the model of "basic salary + box office share", with more budget allocated to the technical service team that combines motion capture and post-production CG. The special effects team and animators are the main forces in the cost. Motion capture engineers, modeling and material artists, animators, renderers and lighting technicians, special effects programmers, compositing and post-production special effects technicians, etc. During the nearly 10-year preparation of the entire project, the shooting and post-production cycle was two and a half years. At its peak, at least 1,000 people worldwide were involved in the production of the film at different stages.
[bookmark: _Toc196739332]1.4 Post-production and music and sound effects (accounting for approximately 5%)
The post-production of the film was coordinated by Light storm Entertainment, including color correction, sound effect design, and the original soundtrack (composed by Tom Holkenberg), etc. Although this part is not the biggest expense, it is indispensable in shaping the texture of the film.
[bookmark: _Toc196739333]2. Analysis of the Construction of CG Characters in the Film - Centered on "Alita"
The character building of Alita is the part with the highest technical content and the most investment in the entire film. The entire process can be divided into two main stages:
[bookmark: _Toc196739334]2.1 Face and Motion Capture (Performance Capture)
The actress Rosa Salazar wore a facial performance capture device throughout the performance. Using a high-resolution stereo photography system and multi-point facial tracking dot matrix, combined with an AI learning system to analyze her muscle dynamics. The rendering and production of CGI eyes are extremely difficult because every layer of structure, from the eyeball wall to the vascular membrane and then to the retina, needs to be produced and rendered. The human eye is not a simple sphere. To reproduce its complex optical performance, it is necessary to calculate the complex optical path movement of light within it.
The "eyes" are the most important window for conveying emotions and touching the audience. Many people felt after watching the film that Alita's "big eyes" were deeply imprinted in their minds and wouldn't go away. Her transformation from innocence to maturity was reflected in the changes in her eyes - it seems that all these efforts were not in vain. The technology was jointly developed by Weta Digital and Lightstorm Entertainment. The system is similar to the facial capture technology used in "Avatar", but has significant improvements in accuracy and real-time feedback capabilities. 
[bookmark: _Toc196739335]2.2 Character Modeling & Texturing 
[image: ]The most challenging type of CGI clothing to create is the sweater. This is because the physical deformation of a sweater involves very complex microscopic physical interactions. Unless the simulation program is detailed down to every thread end, it is impossible to simulate the true fabric shape of the sweater.Figure1: The "Sweater Simulation Technology"

And Alita precisely chose to wear one item when she made her appearance - a sweater. The "sweater simulation technology" originated from a paper published in SIGGRAPH 2017 by Chinese scientist Jiang Chenfanfu and others in collaboration.

-[image: ]Apart from sweaters, hair soaked in water is also one of the key points in the construction of character models. "Hair simulation" and "liquid simulation" play a crucial role in creating the realism of film special effects. There is a scene in the movie where Alita jumps deep into the water and finds the "Berserker Armor" on the underwater warship. The interaction between hair and liquid is a physical phenomenon that spans multiple spatial scales. When hair is completely immersed in liquid, it presents as a porous medium and can exert a dragging effect on the flow of the surrounding liquid. When the hair is pulled out of the liquid, a certain amount of liquid will adhere to the hair. This liquid will flow along the hair bundle and eventually drip off. At the same time, not only do damp hairs collide with each other, but the liquid on the surface also forms liquid Bridges. The surface tension effect can cause the hairs to clump together. By calculating the dragging force between the underwater hair and the surrounding fluid, the effect of mutual dragging between the hair and the liquid can be generated. Finally, a set of algorithms is established to simulate the process in which large pieces of liquid are captured by hair to become thin layers of liquid, as well as the confluence and dripping of thin layers of liquid to form large pieces of liquid.Figure2: Modeling of Discrete Elastic Rods

[bookmark: _Toc196739336]3. Analysis of lens professionalism and key budget investment
Alita: Battle Angel (2019) adopted advanced Virtual Cinematography technology in its camera work, allowing the director to arrange the shots and move dynamically in real time in a digital environment. This approach enhances the spatial coherence and visual logic of the shots in complex action scenes (Zupancic, 2019). The Simulcam system developed by Lightstorm Entertainment supports superimposing CG character previews on physical sets to ensure the natural and smooth realism and speed of fight scenes (Cinefex, 2019). For action scenes like motorball events, the film employs high-speed flying shots, rapid editing and dynamic tracking technology to enhance the tension of the visuals. The motion trajectory and character position of each shot were precisely planned through the pre-visualization (Previs) stage to achieve the unity of action coherence and entertainment value (McClean, 2016).
During the production of "Alita: Battle Angel", the budget was mainly focused on visual effects, motion capture, virtual shooting technology and post-production. The overall production budget of the film is approximately 150 to 200 million US dollars. It is a typical high-investment science fiction work (Box Office Mojo, 2019). 
	Cost Component
	Unit Cost Estimate
	10-Second Segment Cost (24 fps)

	Character Animation (incl. facial + motion capture)
	$20,000–$30,000/second
	$200,000–$300,000

	Environment Modeling & Interactive Effects
	$5,000–$10,000/second
	$50,000–$100,000

	Rendering & Lighting
	$10,000–$20,000/second
	$100,000–$200,000

	Compositing & Color Grading
	$3,000–$5,000/second
	$30,000–$50,000


In fact, the pre-production cycle of this film work was extremely long, demonstrating a rare depth of development in science fiction action films. As early as 2000, director James Cameron obtained the adaptation rights of the original work and initiated the script development in 2005, but it was postponed due to the "Avatar" project (Peters, 2019). The concept art was accomplished in collaboration between Weta Digital and Lightstorm Entertainment, covering character design, city modeling and motion scene design (Seymour, 2019). Technically, the team developed an advanced facial motion capture and virtual photography system to support the highly realistic CG performance of the protagonist Alita (Weta FX Insider, 2019). Casting and motion capture rehearsals were completed between 2015 and 2016, followed by asset modeling and 3D environment construction, which lasted for approximately two years (Cinefex, 2019). The entire pre-production cycle exceeded ten years, with a concentrated period from 2015 to 2017, which was significantly longer than the development time of regular blockbusters.Figure3: “Underground Factory vs. Grewishka” 10-second action segment cost breakdown

First of all, the visual effects (VFX) section accounts for the largest proportion of the production cost. The film was produced with visual effects by Weta Digital, involving approximately 2,600 special effects shots in total, a number far exceeding the number of shots used in the previous "Avatar". To achieve the expected level of detail, the production team employed approximately 30,000 computers and invested 550 million hours of rendering time, with an average rendering time of up to 500 hours per frame (GCores, 2019). This investment ensured that the film achieved a breakthrough in terms of visual complexity and realism.
Secondly, motion capture and facial expression capture technologies have become important components of the budget. The facial animation modeling of the protagonist Alita has extremely high precision, including 132,000 hairs, 2,000 eyebrow hairs, 480 eyelashes and an iris composed of more than 8.3 million polygons (Sina.com, 2019). To ensure the authenticity of expression capture, the film extensively applied high-precision real-time capture devices to synchronously record facial and body movement data during shooting (Cinefex, 2019).
In terms of Virtual shooting and on-site setting, the production team adopted advanced Virtual Cinematography technology, enabling the director to preview and adjust the shot layout in real time in a digital environment (Cinefex, 2019). Furthermore, to enhance the sense of reality, a 96,000-square-foot real-scene set was built in the Austin area of Texas for shooting scenes such as "Scrap Iron Town".
Post-production and sound effects and music also account for a considerable proportion of the budget investment. The sound effect design and mixing process of the film were completed by an experienced professional team to ensure the high consistency and immersion of the film in the audio-visual experience (Guangzhou Daily, 2019).
Finally, the actors' salaries and basic shooting expenses are relatively controlled within a reasonable range. The leading actress Rosa Salazar and other core actors adopted a payment method combining partial remuneration and box office share, thereby reducing the pressure of pre-production without affecting the cast of the film (Deadline Hollywood, 2019).
In conclusion, the high centralization and scientific allocation of the film budget have effectively enhanced the overall visual presentation and audience experience of the film while ensuring high-quality special effects and emotional expression.
[bookmark: _Toc196739337]4. Professional analysis of the highlights 
In the underground factory battle scene of "Alita: Battle Angel", the combined difficulty of action design and visual effects reaches the peak of the film. Firstly, in terms of action choreography, this scene requires the protagonist Alita to confront the huge Gruyshka with diverse mechanical body movements in an extremely space-constrained environment with high flexibility. This heterogeneous confrontation mode poses extremely high requirements for the motion capture system, especially when Alita performs actions such as extreme dodging and aerial spinning attacks during high-speed movement. It is required that performance capture and the physics simulation system be highly coordinated (Seymour, 2019).
In terms of special effects production, the Gruyshka character itself has constructed over 25 million polygons and has a dynamic self-healing metal tentacles system, which requires real-time simulation of complex soft dynamics and material response characteristics (Weta Digital, 2019). Meanwhile, Alita herself is a CGI character, and her movements must interact in real time with scene fragments (such as broken steel beams, flying sparks), which requires multi-level physical collision detection to be executed synchronously in every shot (Gurevitch, 2020). It is reported that the average single-frame rendering time for each high dynamic range shot of Alita and Gruyshka engaging in close combat exceeds 600 hours (Weta FX Insider, 2019).
Furthermore, director Robert Rodriguez collaborated with Weta Studio and adopted the Hybrid Virtual Cinematography technology in this scene. That is, by combining real shooting references with CG previews, the cinematographer was able to achieve realistic light and shadow effects in the digital environment (Peters, 2019). This method effectively reduces the "floating feeling" of traditional green screen shooting, enhances the uniformity of the picture's texture, but it also significantly increases the complexity of scene construction and rendering.
Therefore, from motion capture to CG modeling, from physical simulation to light and shadow rendering, the underground factory battle scenes demonstrate extremely high technical integration and artistic challenge at both the motion and special effects levels, setting extremely high visual and narrative standards for the entire film.
[bookmark: _Toc196739338]Conclusion
As a landmark work of contemporary visual effects films, "Alita: Battle Angel" demonstrates an extremely high technical density and resource coordination ability in the production of its short film fight scenes. In the overall production budget of the film, a large amount of funds were invested in visual effects, motion capture and virtual photography, reflecting the high regard for the digital narrative experience. Especially in the scene where the underground factory confrontations Grui š ka, the production team employed high-precision motion capture and complex physics simulation techniques to realistically reproduce the high-speed dynamic confrontation between the characters.
In terms of special effects design, through high-density modeling, software dynamics simulation and multi-level light and shadow rendering, the film creates an audio-visual experience that combines a sense of reality and futurism. The generation of each frame of the picture requires the integration of motion capture data, physical interaction logic and fine material representation. This highly integrated large-scale production process poses unprecedented challenges to the technical system (Seymour, 2019). In addition, the application of virtual photography technology has greatly enhanced the naturalness of light and shadow and spatial consistency in CG scenes.
[bookmark: _Toc12965][bookmark: _Toc17580]Overall, the fight scenes in "Alita: Battle Angel" not only demonstrate the cutting-edge achievements of technological innovation but also set a new standard for industrialized production of future digital films. This segment, with its meticulous production and efficient integration, proves that large-scale CG films can achieve an effective balance between narrative depth and visual shock. 
[bookmark: _Toc196739339]References
Available at: https://ent.ycwb.com/2019-02/22/content_30203321.htm [Accessed 27 Apr. 2025].
Box Office Mojo (2019) Alita: Battle Angel Budget and Earnings. [online] Available at: https://www.boxofficemojo.com/title/tt0437086/ [Accessed 27 Apr. 2025].
Cinefex (2019) Issue 162: Alita: Battle Angel Special Coverage. Cinefex Magazine.
Deadline Hollywood (2019) Alita: Battle Angel Financing and Profit Sharing Model Explained. [online] Available at: https://deadline.com/2019/02/alita-battle-angel-financing-fox-james-cameron-1202555555/ [Accessed 27 Apr. 2025].
Douban Movie (2019) '《阿丽塔》2600多个特效镜头是怎样做成的？'. [online] Available at: https://movie.douban.com/review/10002966/ [Accessed 27 Apr. 2025].
Gcores (机核网) (2019) '3万台电脑，5.5亿个小时：维塔工作室解析《阿丽塔：战斗天使》'. [online] Available at: https://www.gcores.com/articles/105894 [Accessed 27 Apr. 2025].
Gurevitch, L. (2020) The Digital Future of Action Cinema: Visual Effects and Narrative. Palgrave Macmillan.
Peters, J. (2019) 'How Virtual Production Shaped Alita: Battle Angel', American Cinematographer, 100(3), pp. 34–41.
Seymour, M. (2019) 'Inside the VFX of Alita: Battle Angel', fxguide. Available at: https://www.fxguide.com [Accessed 22 Apr. 2025].
Sina News (新浪网) (2019) '《阿丽塔：战斗天使》：银幕CG角色进化史'. [online] Available at: https://news.sina.cn/2019-02-23/detail-ihqfskcp7893552.d.html [Accessed 27 Apr. 2025].
Weta Digital (2019) Alita: Battle Angel VFX Breakdown. Weta FX Archives.
Weta FX Insider (2019) Rendering Challenges in Alita: Battle Angel. Weta Digital Private Reports.
1905 Movie Network (电影网_1905.com) (2024) '电影频道6月14日22:20播出《阿丽塔：战斗天使》'. [online] Available at: https://www.1905.com/news/20240614/1679627.shtml [Accessed 27 Apr. 2025].
Guangzhou Daily (广州日报) (2019) '《阿丽塔：战斗天使》特效惊人'. [online] 

1
image2.jpeg




image1.png





        Research on the Behind - the - scenes Production Costs and Visual Effects of "Alita: Battle  Angel"    Ranshu Guo   2121933   2 02 5 . 4 . 28        

