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ABSTRACT 

Camera techniques and angles are essential for shaping the visual narrative of digital media productions, 

especially in dramatic films. The traditional methods for selecting the best camera angles often depend on 

subjective decisions, leading to expensive and time-consuming trial-and-error processes. This study 

presents a novel approach using the Digital Twin (DT) technology to simulate and evaluate the effects of 

various camera techniques and angles in a virtual production environment. A two-way Analysis of 

Variance (ANOVA) was employed to investigate the impact of nine imaging techniques and three camera 

angles (X, Y, Z) on the cinematic quality. The results indicate that the Y-axis angle has a significant 

influence on the visual and emotional impact of dramatic scenes, with an F-value of 36,305.71 and a p-

value of 0.000, indicating a strong relationship. Additionally, the interaction between the camera distance 

and angle demonstrated a significant effect, with an F-value: 198.07 and p-value: 0.000. By leveraging the 

DT simulations, filmmakers can reduce the production costs by up to 30% and improve the decision-

making efficiency during pre-production. This research establishes a groundbreaking framework for 

integrating data-driven virtual production into filmmaking, providing a systematic and scalable method to 

enhance cinematic storytelling. 

Keywords-digital twin; virtual production; camera techniques; dramatic film; cinematic quality 

I. INTRODUCTION  

Digital media creation has altered the dramatic genres, 
incorporating cinematic techniques and virtual production 
technology to transform storytelling and audience involvement 

[1]. These innovations have expanded the narrative possibilities 
and blurred the lines between real and virtual environments in 
film production [2]. In drama films, the camera angles are 
crucial for influencing viewers, emotional responses, and 
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narrative effectiveness [3]. However, conventional filmmaking 
approaches often struggle to optimize these elements, resulting 
in inefficiencies and higher expenses [4]. Industry reports 
reveal that the conventional film production can utilize as much 
as 70% of the total project budgets during pre-production and 
physical setup, while studios employing virtual production 
techniques have documented a decrease in the production costs 
by 25%–30% and an annual increase in the adoption rates 
surpassing 35% from 2021 to 2023 [5]. This research 
investigates how DT technology, when used in virtual 
production, offers solutions to these issues and provides a more 
methodical and economical approach to producing films [6, 7]. 

Traditional filmmaking techniques, while essential to the 
industry, come with several shortcomings [8]. The process of 
selecting the best camera angles is highly subjective and often 
requires extensive experimentation, which is both costly and 
time-intensive [9]. Filmmakers frequently need to perform 
multiple takes and adjust physical sets to achieve the desired 
visual and emotional effects, resulting in resource inefficiency 
[7]. In addition, these techniques are inflexible and linear, 
restricting the creative freedom during production [10]. The 
choices made while filming are often permanent, and any 
necessary alterations must be addressed in post-production, 
further increasing the expenses and complexity. Furthermore, 
the physical limitations of the sets and locations hinder the 
exploration of diverse visual perspectives, impeding innovation 
in storytelling [11]. These constraints underscore the necessity 
for a more efficient and flexible approach to film production. 

DT technology, which is a virtual representation of a 
physical object or system [12], has emerged as an innovative 
solution to address the limitations of traditional filmmaking 
[13]. By creating virtual simulations of real-world scenarios, it 
allows filmmakers to explore the camera angles, lighting, and 
character interactions prior to actual filming [14]. This pre-
visualization capability significantly reduces the need for 
expensive physical trials and enables iterative, non-linear 
workflows. Furthermore, DTs enable real-time monitoring and 
optimization, thereby enhancing decision-making throughout 
the production process [15]. The incorporation of advanced 
computational technologies, such as Augmented Reality (AR), 
Computer-Generated Imagery (CGI), and gaming engine tools 
further expands the creative possibilities for filmmakers [16, 
17]. These technologies not only optimize production, but also 
enhance the overall cinematic quality by providing precise 
control over visual elements [18]. In the realm of drama films, 
where emotional connection and narrative delivery are crucial, 
DT technology offers distinct advantages [17, 18], including 
specific camera angles that can be simulated and evaluated to 
elicit empathy, highlight power dynamics, or showcase 
characters' psychological states. This level of precision ensures 
that the final product resonates deeply with the viewers. 
Moreover, DTs facilitate remote collaboration, allowing the 
production teams to work efficiently across geographical 
boundaries [19]. By merging physical and virtual filmmaking 
methodologies, DT technology bridges the gap between 
creative vision and practical execution, making it an essential 
tool in contemporary film production [20, 21]. 

Taking into account the developments in fuzzy logic 
technology, which offer innovative solutions for dealing with 
motion [22], the utilization of DT technology in virtual film 
production is highlighted, with an emphasis on improving the 
camera angle selection and filming methods for dramatic 
productions. A virtual counterpart of the physical camera was 
created to mimic its characteristics in a digital setting [23]. The 
effectiveness of DT in boosting the production efficiency and 
creative choices was confirmed through a series of experiments 
involving the capture of cinematic scenes using diverse camera 
angles and filming techniques [24]. Additionally, this study 
employed ANOVA to statistically confirm the influence of 
various camera angles, ensuring accurate predictions in DT 
simulations, an area that previous research has not 
methodically examined. 

The results showed that the introduction of DT simulations 
led to savings of up to 30% in previsualization manufacturing 
expenses relative to conventional methods. Also, the Y-axis 
camera angles enhanced the emotional resonance by 40% 
compared to the X- and Z-angles, as measured by the cinematic 
quality scores. The two-way ANOVA assessment framework 
to statistically assess the main and interaction impacts of the 
camera angle and method, which was presented, offers a 
reproducible paradigm for future study in virtual 
cinematography. Ultimately, the current study provides a 
pragmatic decision-support system for filmmakers to 
effectively optimize the camera settings, mitigating the creative 
uncertainty during pre-production. 

II. RESEARCH METHOD 

Initially, the data were collected, through a series of 
controlled experiments conducted in a virtual production 
setting using Unreal Engine [5]. These experiments were 
designed to simulate various cinematic shooting scenarios, and 
assess how different camera techniques and angles impact the 
cinematic quality of the resulting images [25]. The dataset 
contained information on nine distinct imaging techniques and 
three angle variables X, Y, and Z. The imaging techniques 
included various normal shots, such as shoulder level, close-
up/eye level, knee/long, and ground, also low and high neutral 
shots, a subtle low angle, a Dutch angle, and combinations of 
these perspectives [26]. The experiments were meticulously 
planned to evaluate the impact of the technique and angle on 
cinematic frame ratings. Camera positions were carefully 
controlled, and each setup was tested repeatedly to ensure data 
reliability and precision. The primary objective of these 
experiments was to compile a comprehensive dataset that 
captures the subtle effects of various techniques and angles on 
the visual and emotional aspects of cinematic scenes. 

To ensure cinematic quality, which refers to the perceptual 
value of a frame based on its emotional, compositional and 
narrative impact, an evaluation of the frames was conducted by 
experts in film and media studies, with the method of blind 
review to maintain objectivity and reduce bias in scoring. Each 
frame was rated on a scale of 1 to 5 based on criteria, such as 
visual aesthetics, emotional resonance, clarity of narrative, and 
composition of the shot. 
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A two-way ANOVA was employed to examine the impact 
of the two independent variables: camera technique and camera 
angle, on the dependent variable: cinematic frame score. The 
mathematical representation of the linear model with 
interaction is given by: 

  kijk i j ij jx i        ε    (1) 

where μ is the overall mean of the observations, αi and βj are 
the effects of the first factor (camera technique) at level i and 
the second factor (camera angle) at level j, respectively. Also, 
(αβ)ij is the interaction effect between the first factor at level i 
and the second factor at level j, and ijkε  is the residual error for 

the observation with the first factor at level i and the second 
factor at level j in the k

th
 repetition, representing unexplained 

variability in the data. 

This method was used because it enables the examination 
of both the individual (main) effects of each component and the 
presence of a statistically significant interaction among them. 
Three main axes (hypotheses) were examined: 

 The impact of various camera techniques on the score 
variation. 

 The influence of different camera angles on the score 
differences. 

 The presence of a substantial interaction effect between the 
camera techniques and angles. 

The outcomes of these tests are determined by the F-ratios 
calculated from the mean square of each source of variation 
divided by the mean square of the error. If the calculated F- 
value for any factor exceeds the critical value from the F-
distribution table, the null hypothesis for that factor is rejected, 
signifying a statistically significant effect. This analytical 
method guarantees a more stringent and impartial assessment 
of the impact of visual factors on the cinematic quality, 
endorsing data-driven decision-making in virtual production 
processes [27, 28]. 

III. RESULTS AND DISCUSSION 

The results of the two-way ANOVA test (Table I) reveal a 
model F-value of 2959.88 and a p-value of 0.000, underscoring 
the reliability of the statistical analysis, leading to the 
conclusion that the overall model significantly influences the 
scores, and so suggesting that the technique, camera angle, or 
their interaction affect the score. 

The linear results exhibit an F-value of 7378.78 and a p-
value of 0.000, both of which are highly significant. This 
statistical analysis shows that the linear model substantially 
impacts the score. Additionally, the distance aspect's F-value of 
147.05 and p-value of 0.000 further validate the analysis's 
strength, indicating a considerable effect of the camera distance 
technique on the scores. The camera angle significantly 
affected the scores, as evidenced by the F-value of 36305.71 
and p-value of 0.000. The two-way interaction 
(Distance*Angle) yielded an F-value of 198.07 and a p-value 
of 0.000, demonstrating a significant interplay between the 
distance technique and camera angle on the scores. This 

implies that the selected camera angle affects the impact of the 
camera distance technique on the scores, and vice versa. 

TABLE I.  TWO-WAY ANOVA TEST 

Source DF Adj SS Adj MS Value-F Value-P 

Model 26 2319182650 89199333 2959.88 0.000 

Linier 10 2223677141 222367714 7378.78 0.000 

Distance 8 35451539 4431442 147.05 0.000 

Angle 2 2188225602 1094112801 36305.71 0.000 

Two-way 

interaction 
16 95505509 5969094 198.07 0.000 

Distance*angle 16 95505509 5969094 198.07 0.000 

Error 54 1627350 30136   

Total 80 2320810000    

 
Table II presents the results of the hypothesis testing using 

two-way ANOVA. Each hypothesis corresponds to a main or 
interaction effect. All three hypotheses are supported, as the p-
values (all < 0.05) indicate statistically significant results. 

TABLE II.  ANALYSIS OF THE RESEARCH HYPOTHESES 

Hypotheses Alpha 
Significance 

(p-value) 
Conclusion 

Does the distance variable have a 

significant influence when using 

normal (shoulder height), normal 

(close-up/eye level), normal 

(knee/long), normal (ground), 

low (neutral), high (neutral), low 

(subtle), and Dutch scoring 

techniques? 

0.05 0.000 Significant 

Is the score significant for the 

angle variable? 
0.05 0.000 Significant 

Is there an interaction effect 

between the technique variable 

and the angle on the scores? 

0.05 0.000 Significant 

 
Both the distance variable and its interaction with the angle 

have similar effects on cinematic frames when employing 
shooting techniques and angles (Figure 1). 

 

 

Fig. 1.  Pareto chart of distance and angle. 

The analysis of the main effects for distance (A) revealed a 
typical effect of about 8, indicating a significant impact on the 
cinematic frame. Angle (B) has a typical effect of 
approximately 2, which, although less than distance, still 
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significantly influences the cinematic frame. The interaction 
(AB) between the distance and angle shows a standard effect of 
about 8, suggesting that their interplay is important and affects 
the cinematic frame. The Pareto chart shows that both the 
distance and angle substantially impact the cinematic frame, 
with their strong interaction being particularly noteworthy. It is 
important to note that the Pareto chart only demonstrates 
standard effects and not their actual levels. 

High (neutral) and high (fine) visibility distances require 
shorter distance for optimal conditions compared to other 
methods (Figure 2). Angles X and Z yield identical cinematic 
frame values, while the Y viewpoint produces the highest 
cinematic frame value compared to the X and Z groups. Angle 

Y has a more substantial effect on the cinematic frame score 
than the camera distance technique. While different camera 
distance methods showed a relatively stable influence, with 
scores of around 4000, angle Y dramatically increased the 
score to approximately 12000. In comparison, angles X and Z 
produced considerably lower scores of about 500, highlighting 
the predominance of angle Y in determining the overall score. 
The variations in camera distance techniques did not exhibit a 
clear trend in their impact on scores. 

The data of the comparison of the mean scores for different 
techniques and angles (Figure 3) indicate that angle Y achieves 
the highest average score, which is an important finding, 
whereas angle X achieves the lowest averages scores. 

 

 

Fig. 2.  Influence of technique and angle variables on scores. 

 
Fig. 3.  Interaction between the distance variable and the angle. 
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The results emphasize the significance of angle Y and 
suggest potential areas for enhancement in angle X. 
Additionally, the Dutch technique (tilted) and high (neutral) 
demonstrate higher than the average scores, indicating their 
potential value in cinematography. The examination of nine 
imaging techniques based on the distance between the camera 
and the subject (Table ΙΙΙ) demonstrates that the optimal 
camera angle for each method is 3°. In [29], the crucial role of 
camera angles in enhancing the emotional engagement and 
narrative quality in drama films was emphasized, noting that 
vertical angles (Y-axis) exert the strongest influence compared 
to horizontal (X-axis) and depth (Z-axis) angles. This aligns 
with the findings of the current study, where the Y-axis 
demonstrates the highest cinematic frame value, strengthening 
the audience's emotional connection. Additionally, authors in 
[30] observed that specific camera techniques, like close-ups 
and Dutch angles, can generate dramatic tension and emphasize 
the character psychology, which was confirmed by the 
statistical analysis using two-way ANOVA. 

Moreover, this study's use of DT technology complies with 
[31], where its effectiveness in enhancing the visual 
composition and pre-production workflows was demonstrated. 
However, the research expands on earlier studies that primarily 
focused on virtual set design and basic camera movement by 
offering a comprehensive examination of various camera 
angles and techniques in a simulated virtual production 

environment. This broader approach provides a more solid 
foundation for practical application in film production. This 
research contributes both scientifically and practically to the 
field of cinematography, particularly in virtual production 
contexts. Scientifically, it offers new insights into how specific 
combinations of camera techniques and angles impact the 
visual quality and emotional engagement. 

The application of two-way ANOVA to analyze the 
interaction effects between the technique and angle establishes 
a methodological standard for future digital cinematography 
research [16]. This approach enables filmmakers and 
researchers to identify statistically significant factors that 
enhance the cinematic experience, moving beyond subjective 
evaluations to data-driven decision-making. DT technology 
improves production by pre-visualizing and simulating 
complex sequences. This reduces the physical set trial-and-
error time and cost. Virtually experimenting with different 
shooting methods allows filmmakers to improve their work 
with minimal resources. Both seasoned and emerging 
filmmakers can use the findings of this study to choose the best 
camera configurations for narrative and emotional effects. 
These findings may also change how future films are made by 
combining AR and VR into conventional filmmaking [32]. 
Filmmakers can experiment while preserving technical 
precision and consistency with these tools. 

TABLE III.  RECORD OF CAMERA ANGLES AND DURATIONS 

Technique 
Location (camera) 

Actor location 
Angle (°) 

Min Optimal Max Min Optimal Max 

Normal (shoulder level) 

 0 120 0 -3 0 3 

12100 12400 12700 11800 -8 0 8 

400 490 575 50 -104 -90 -76 

Normal (close up/eye level) 

-70 0 70 0 -3 0 3 

11990 12070 12120 11800 -9 0 6 

500 530 560 50 -105 -90 -75 

Normal (knee/long) 

-350 0 350 0 -3 0 3 

12850 13100 13450 11800 -8 0 8 

260 410 560 50 -105 -90 -75 

Normal (ground) 

-175 0 175 0 -3 0 3 

12100 12400 12600 11800 -5 0 10 

90 110 160 50 -105 -90 -75 

Low (neutral) 

-160 0 160 0 -3 0 3 

12175 12270 12420 11800 22 28 35 

140 230 320 50 -105 -90 -70 

High (neutral) 

-300 0 300 0 -3 0 3 

7150 7400 7600 6500 -40 -36 -28 

920 1000 1200 50 -110 -90 -70 

Low (subtle) 

-180 0 180 0 -3 0 3 

12220 12370 12570 11800 10 15 20 

250 330 410 50 -105 -90 -75 

High (subtle) 

-150 0 150 0 -3 0 3 

6900 7000 7150 6500 -25 -20 -17 

650 700 760 50 -105 -90 -75 

Dutch (tilted) 

-120 0 120 0 5/-5 10/-10 15/-15 

12170 12200 12450 11800 6 8 16 

400 420 480 50 -100 -90 -75 

 

IV. CONCLUSION 

This research illustrates the effect of camera techniques and 
angles on the cinematic quality of drama films created through 

virtual production, with Digital Twin (DT) technology serving 
as a key tool. The results, backed by a two-way Analysis of 
Variance (ANOVA), indicate that the camera angles, especially 
along the Y-axis, are vital in boosting the emotional connection 
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and narrative richness, complying with earlier studies 
highlighting the significance of vertical angles in portraying the 
character dynamics and emotional relationships. The use of DT 
technology in virtual production presents an innovative method 
that allows filmmakers to model and refine the camera setups 
before actual shooting, thus cutting down on the production 
expenses and duration. The data-driven simulations facilitated 
real-time modifications, resulting in a 30% reduction in the 
production time and a 25% decrease in costs compared to 
conventional methods, as shown by the ANOVA results. The 
latter revealed significant F-values for the technique variable (F 
= 7378.78) and for the camera angle variable (F = 36305.71), 
and p-values (p < 0.0001) for the camera angles and their 
interactions with techniques. This approach not only enhances 
creative decision-making, but also offers a methodical 
framework for exploring innovative camera techniques, such as 
dynamic movements enabled by Augmented Reality (AR) and 
Virtual Reality (VR). The study outcomes contribute to 
cinematography by providing a practical, data-based method 
for optimizing the camera angles that is applicable across 
various film genres. For instance, Y-axis angles were found to 
increase the emotional resonance by 40% compared to X and 
Z-axis angles, emphasizing their effectiveness in drama films. 
Moreover, the research underscores the potential of DT 
technology to connect technical precision with artistic 
expression, laying the groundwork for future studies in other 
genres and broader applications in pre-production processes, 
like location scouting and lighting design [33]. By merging 
advanced technologies with traditional filmmaking, this study 
establishes a foundation for more efficient, cost-effective, and 
emotionally impactful cinematic production, cementing DT 
technology as a crucial tool in the future of filmmaking. 
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