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Abstract 

The use of mobile device cameras often suffers from rotational instability caused by jitter and 

sudden orientation changes, reducing visual quality and user experience in virtual camera 

applications. This study evaluates the effectiveness of a low-pass filter in stabilizing gyroscope-

based virtual camera rotation. Experiments were conducted using an iPhone 12 under six 

movement scenarios: slow rotation, fast rotation, random movement, walking, stair climbing, and 

motorcycle riding. Euler angle and inter-frame jitter data were analyzed before and after filter 

implementation. The results show that the low-pass filter significantly reduces rotational jitter in 

five of the six scenarios. The greatest improvement was observed during walking, with an 86.55% 

reduction, followed by fast rotation (72.21%) and random movement (68.87%). These findings 

confirm that the low-pass filter effectively suppresses high-frequency rotational disturbances, 

enhancing virtual camera stability and providing a practical foundation for developing more 

reliable gyroscope-based rotation stabilization systems on mobile devices. 
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 Abstrak 

 Penggunaan kamera perangkat seluler sering kali mengalami ketidakstabilan rotasi yang 

disebabkan oleh getaran dan perubahan orientasi mendadak, sehingga mengurangi 

kualitas visual dan pengalaman pengguna dalam aplikasi kamera virtual. Penelitian ini 

mengevaluasi keefektifan filter low-pass dalam menstabilkan rotasi kamera virtual 

berbasis giroskop. Eksperimen dilakukan menggunakan iPhone 12 dalam enam skenario 

gerakan: rotasi lambat, rotasi cepat, gerakan acak, berjalan, menaiki tangga, dan 

mengendarai sepeda motor. Data sudut Euler dan jitter antar-bingkai dianalisis sebelum 

dan sesudah penerapan filter. Hasilnya menunjukkan bahwa filter low-pass secara 

signifikan mengurangi jitter rotasi pada lima dari enam skenario tersebut. Peningkatan 

terbesar teramati saat berjalan, dengan pengurangan sebesar 86,55%, diikuti oleh rotasi 

cepat (72,21%) dan gerakan acak (68,87%). Temuan ini menegaskan bahwa filter low-pass 

secara efektif menekan gangguan rotasi frekuensi tinggi, meningkatkan stabilitas kamera 

virtual, dan memberikan landasan praktis untuk mengembangkan sistem stabilisasi rotasi 

berbasis giroskop yang lebih andal pada perangkat seluler. 
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1. Introduction 

The development of mobile device technology has rapidly advanced, especially in camera 

features. Mobile cameras are not only used for documentation but also for digital content 

creation, video streaming, visual-based learning, and applications involving visual reality. 

Camera rotation stability has become a crucial aspect because uncontrolled vibrations and 

orientation changes can reduce visual quality and disturb user experience. The use of 

smartphone cameras in real-time applications also shows that capture quality and image stability 

are strongly influenced by device and environmental conditions, particularly when the device is 

moved dynamically, such as by hand shaking or rapid positional changes [1]. 

Although modern mobile devices are equipped with Optical Image Stabilization (OIS) and 

Electronic Image Stabilization (EIS), these technologies are designed for physical camera 

hardware and cannot be directly applied to virtual cameras implemented in development 

environments such as Unity. As a result, virtual camera systems require alternative stabilization 

approaches that rely on internal sensor data rather than hardware-based mechanisms. Unity 

provides access to gyroscope sensors on iOS devices, enabling real-time acquisition of device 

orientation data that can be utilized for virtual camera rotation stabilization. 

Some technical terms used in this study need to be clarified for readers. A gyroscope sensor 

is an inertial sensor that measures angular velocity and changes in device orientation along the 

pitch, roll, and yaw axes [2] Jitter is defined as rapid and undesired fluctuations in inter-frame 

rotation angles, causing virtual camera rotation to appear shaky and unstable [1] These rotation 

fluctuations are influenced by sensor noise and dynamic user movements. Jitter damping is 

achieved using a low-pass filter, a signal processing method that suppresses high-frequency 

components to produce smoother and more stable rotation signals [3], [4] 

Previous studies have shown that gyroscopes play an important role in maintaining device 

orientation stability. Han et al. (2021) and Karpenko et al. (2011 emphasized that integrating 

gyroscopes can reduce jitter and improve movement accuracy in video stabilization processes. 

Hadi et al. (2019) and Asnada & Sulistyono, (2020) reported that stable gyroscopes are used in 

determining device orientation. Li et al. (2023) demonstrated that using gyroscopes can improve 

motion estimation reliability under unstable conditions. Research by Ren et al. (2024), Milanović 

et al. (2021), and a local study by Teguh Santoso et al. (2021) further confirm that gyroscopes are 

effective in maintaining orientation stability across various systems. 
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However, most existing research focuses on physical camera stabilization or post-

processing of recorded video, while real-time stabilization of virtual camera rotation using 

gyroscope data in Unity-based mobile applications remains relatively unexplored. In addition, 

many studies emphasize qualitative improvements without providing a detailed quantitative 

analysis of inter-frame jitter reduction under diverse motion scenarios. This study addresses this 

gap by applying a low-pass filter algorithm directly to gyroscope-based virtual camera rotation 

in a real-time mobile environment and evaluating its performance quantitatively using jitter and 

angular deviation metrics across multiple realistic motion conditions. 

Therefore, this study aims to analyze the performance of a low-pass filter algorithm in 

stabilizing virtual camera rotation using gyroscope sensor data on iOS devices. The evaluation is 

conducted by comparing angular deviation and jitter values before and after applying the 

algorithm under several motion scenarios. The results are expected to provide an objective and 

quantitative assessment of the effectiveness of the proposed method in improving virtual camera 

orientation stability under dynamic usage conditions. 

 

2. Method 

This study employs a quantitative approach to analyze the effectiveness of a low-pass 

filter algorithm in stabilizing virtual camera rotation using gyroscope data on a Unity 

application for iOS devices. A quantitative approach was chosen because camera rotation 

stability can be numerically represented through angular rotation changes (Euler angles) and 

inter-frame jitter values. The test device used in this study was an iPhone 12. The research stages 

are illustrated in Figure 1. 

 

Figure 1. Research Stages 
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Figure 1 presents the research stages, which include collecting orientation data from the 

gyroscope sensor, processing the data using the low-pass filter algorithm, analyzing the 

stabilization results based on angular deviation and jitter values, and evaluating the 

effectiveness of the virtual camera rotation stabilization method. 

2.1 Data Collection 

Orientation data was collected using the gyroscope sensor on the iPhone 12 via the 

Input.gyro module in Unity. The obtained data consisted of device orientation along three axes: 

pitch, roll, and yaw, recorded at every frame of the application. Data collection was performed 

under two conditions: before and after applying the low-pass filter algorithm. A summary of the 

testing scenarios is presented in Table 1. 

Table 1. Motion Scenarios 

Scenario Description Data Recorded 

Slow rotation 
Device rotated slowly along pitch, roll, 

and yaw axes 
Euler angles, jitter, rotation 
graphs, stability indicators 

Fast rotation 
Device rotated quickly to test stabilization 

response to large changes 
Euler angles, jitter, rotation 
graphs, stability indicators 

Random 
movement 

Device moved without a specific pattern 
Euler angles, jitter, rotation 
graphs, stability indicators 

Walking User walks while holding the device 
Euler angles, jitter, rotation 
graphs, stability indicators 

Stair climbing 
Intense vertical vibrations from walking 

up and down stairs 
Euler angles, jitter, rotation 
graphs, stability indicators 

Motorcycle 
riding 

Complex vibrations from motorcycle 
movement on road surfaces 

Euler angles, jitter, rotation 
graphs, stability indicators 

 

Each motion scenario was performed for 10 seconds at approximately 60 frames per second 

(fps), resulting in around 600 orientation data points per scenario. The duration of 10 seconds 

was selected to ensure sufficient temporal coverage for capturing both short-term fluctuations 

and repetitive motion patterns, while maintaining consistent user movement and avoiding 

excessive fatigue that could introduce unintended motion bias. At a frame rate of 60 fps, this 

duration provides an adequate dataset for calculating reliable inter-frame jitter statistics and 

observing stabilization trends across different motion scenarios. 

The device was held in portrait orientation without additional stabilization tools to reflect 

realistic mobile usage conditions. The same data collection procedure was applied across all 

scenarios to maintain consistency and comparability of the recorded orientation data. The 

acquired rotation data were stored for subsequent processing and jitter analysis. 
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2.2 Data Processing 

The orientation data obtained from the gyroscope sensor were processed to calculate 

angular deviation and inter-frame jitter. Virtual camera rotation stabilization was applied using 

a low-pass filter algorithm, which is commonly used to suppress high-frequency noise caused 

by sudden vibrations and rapid orientation changes. The low-pass filter was applied 

independently to each rotation axis (pitch, roll, and yaw) to ensure that stabilization was 

performed without coupling errors between axes and to preserve the natural rotational 

characteristics of the device motion. 

In this study, the low-pass filter smoothing parameter α was set to 0.1. The sensitivity of 

the α parameter was considered based on its effect on the trade-off between rotation smoothness 

and system responsiveness. Smaller α values provide stronger noise suppression and smoother 

rotation but may introduce noticeable latency and delayed response to rapid orientation changes. 

Conversely, larger α values allow faster system response but reduce the effectiveness of jitter 

suppression. The selected value of α = 0.1 was empirically determined as a balanced setting that 

sufficiently reduces high-frequency rotational fluctuations while maintaining acceptable 

responsiveness for real-time virtual camera applications. 

Jitter, defined as rapid and undesired fluctuations in inter-frame rotation angles, was 

calculated as the absolute difference in rotation angles between consecutive frames using 

Equation (1): 

∆𝜃 =  |𝜃𝓃 − 𝜃𝓃−1| (1) 

Notation: 

θ_n :angular orientation at the current frame 

θ_{n-1}: angular orientation at the previous frame 

This equation measures the angular change (Δθ) between two consecutive frames. A larger 

Δθ indicates greater rotation instability. 

Average jitter was calculated using Equation (2): 

𝐽𝑖𝑡𝑡𝑒𝑟 =
1

𝑁 − 1
∑ ∆𝜃𝑡

𝑁−1

𝒾=2

 
(2) 

 

Notation: 

N: total number of frames 

Δθ_i: angular change between frame i and the previous frame 
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This equation calculates the average jitter across all frames. Jitter serves as an indicator of 

the rotation instability level. 

The percentage of jitter reduction was determined using Equation (3): 

𝑃𝑒𝑛𝑢𝑟𝑢𝑛𝑎𝑛 𝐽𝑖𝑡𝑡𝑒𝑟(%)

=
𝐽 𝑠𝑒𝑏𝑒𝑙𝑢𝑚 − 𝐽 𝑠𝑒𝑠𝑢𝑑𝑎ℎ

𝐽 𝑠𝑒𝑏𝑒𝑙𝑢𝑚
 𝑋 100% 

(3) 

Notation: 

J_before: jitter value before stabilization 

J_after: jitter value after stabilization 

A higher percentage indicates a more effective stabilization performance of the applied low-pass filter. 

2.3 Data Analysis 

Data analysis focused on comparing virtual camera jitter values before and after applying 

the low-pass filter algorithm for each test scenario. Jitter served as the primary indicator of 

rotation fluctuations. Descriptive analysis was conducted to assess the algorithm's ability to 

improve camera rotation stability under various usage conditions. 

2.4 Evaluation 

The evaluation assessed the effectiveness of the low-pass filter algorithm in stabilizing 

virtual camera rotation using the gyroscope sensor on the iPhone 12. The evaluation included 

analysis of average jitter values, percentage of jitter reduction, and visual observation of the 

application through rotation graphs, stability bar indicators, and text status. The evaluation 

results were used as the basis for drawing conclusions about the algorithm’s performance. 

 

3. Results and Discussion 

This study aims to analyze the performance of a low-pass filter algorithm in stabilizing 

virtual camera rotation based on gyroscope sensor data in a mobile application. Testing was 

conducted using an iPhone 12. The results are presented based on six motion scenarios to 

compare conditions before and after applying the low-pass filter algorithm [6].  In this study, 

jitter is quantitatively expressed in degrees per frame (°/frame), which represents the absolute 

angular change between two consecutive frames. Lower jitter values indicate smoother and more 

stable virtual camera rotation, while higher values reflect greater inter-frame rotational 

instability. 
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3.1 Data Collection 

Data collection was performed using the gyroscope sensor on the iPhone 12. The collected 

data consisted of device orientation in the form of Euler angles (pitch, roll, and yaw) for six 

motion scenarios: slow rotation, fast rotation, random movement, walking, stair climbing, and 

motorcycle riding. Each scenario was conducted for 10 seconds at approximately 60 frames per 

second, resulting in around 600 rotation data points. Data were recorded under two conditions: 

before and after applying the low-pass filter. These data served as input for the subsequent 

processing and analysis stages. 

3.2 Data Processing 

Data processing was carried out by applying the low-pass filter algorithm to the orientation 

signal from the gyroscope sensor. This process produced virtual camera rotation data with 

reduced angular fluctuations. The processed results were visualized using rotation graphs and 

stability indicators within the application. 

3.2.1 Slow Rotation Scenario 

The slow rotation scenario evaluated the system's response to gradual changes in angles. 

Before applying the low-pass filter, rotation fluctuations were observed due to sensor noise (Kok 

et al., 2017). After applying the low-pass filter, the angular changes became smoother as high-

frequency components were suppressed [2]. 

   
(a)                                  (b) 

Figure 2 .Application View In The Slow Rotation Scenario: (A) Before Applying The Low-Pass 

Filter Algorithm (B) After Applying The Low-Pass Filter Algorithm 

Figure 2 shows the condition before and after applying the low-pass filter. The left view 

illustrates fluctuations in pitch, roll, and yaw. The right view demonstrates smoother rotation 

after filtering. 
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3.2.2 Fast Rotation Scenario 

The fast rotation scenario tested the system's response to rapid orientation changes. Before 

filtering, sharp angular spikes occurred due to high angular acceleration [12]. After applying the 

low-pass filter, the rotation movement was significantly damped. 

    
(a)                               (b) 

 

Figure 3. Application View In The Fast Rotation Scenario: (A) Before Applying The Low-Pass 

Filter Algorithm (B) After Applying The Low-Pass Filter Algorithm 

Figure 3 illustrates the left view before applying the low-pass filter with sharp rotation 

spikes. The right view shows the result after applying the filter, with damped rotation according 

to the jitter reduction. 

3.2.3 Random Movement Scenario 

The random movement scenario represented usage without a specific pattern. Before 

filtering, irregular orientation fluctuations were caused by sensor disturbances Click or tap here 

to enter text.[12]. After applying the low-pass filter, the amplitude of angular fluctuations 

decreased, producing smoother and more consistent rotation.  

   
(a)                                (b) 

Figure 4 Application View In The Random Movement Scenario: (A) Before Applying The Low-

Pass Filter Algorithm (B) After Applying The Low-Pass Filter Algorithm 
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Figure 4 shows the left view before filtering with irregular rotation changes. The right view 

shows smoother rotation after applying the low-pass filter. 

3.2.4 Walking Scenario 

The walking scenario simulated daily usage with periodic vibrations caused by footsteps. 

Before filtering, repeated rotation fluctuations were observed. After applying the low-pass filter, 

jitter was reduced, resulting in more stable virtual camera rotation [3]. 

    
(a)      (b) 

 

Figure 5. Application View in the Walking Scenario: (A) Before Applying the Low-Pass Filter 

Algorithm (B) After Applying The Low-Pass Filter Algorithm. 

Figure 5 illustrates the left view before filtering with repeated vibration patterns. The right 

view shows more stable rotation after applying the low-pass filter. 

3.2.5 Stair Climbing Scenario 

The stair climbing scenario tested system response to high-amplitude vertical disturbances. 

Before filtering, large orientation spikes occurred. After applying the low-pass filter, some 

fluctuations remained because the filter was limited in damping intense vertical disturbances [3] 

   
(a)                                                 (b) 

 

Figure 6 Application View In The Stair Climbing Scenario: (A) Before Applying The Low-Pass 

Filter Algorithm (B) After Applying The Low-Pass Filter Algorithm. 
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Figure 6 shows the left view before filtering with large orientation spikes. The right view 

demonstrates the result after filtering, although high-amplitude spikes are still visible. 

3.2.6 Motorcycle Riding Scenario 

The motorcycle riding scenario represented complex disturbances due to engine vibrations 

and road surface irregularities. Before filtering, orientation changes were rapid and irregular. 

After filtering, fluctuations were significantly reduced, although some vibrations persisted [3] 

   
(a)                                           (b) 

 

Figure 7. Application View In The Motorcycle Riding Scenario: (A) Before Applying The Low-

Pass Filter Algorithm (B) After Applying The Low-Pass Filter Algorithm. 

Figure 7 shows the left view before filtering with intense orientation disturbances. The 

right view illustrates smoother and more stable rotation after applying the low-pass filter. 

3.3 Analysis of Results 

The analysis was conducted based on jitter values before and after applying the low-pass 

filter for each motion scenario using the iPhone 12. Jitter was used as the primary indicator of 

virtual camera rotation instability. The reduction in jitter indicated improved rotation stability. 

The results are summarized in Table 2. 

Table 2. Analysis of Results 

Scenario Before (°/frame) After (°/frame) Reduction (%) 

Slow rotation 159.12 87.82 44.81 

Fast rotation 287.27 79.84 72.21 

Random movement 284.62 88.61 68.87 

Walking 161.51 21.72 86.55 

Stair climbing 168.85 255.55 -51.34 

Motorcycle riding 176.28 59.77 66.09 
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3.3.1 Slow Rotation Scenario 

This scenario evaluates the system response to gradually changing angles. The jitter value 

decreased from 159.12°/frame to 87.82°/frame, with a reduction of 44.81%. This result shows that 

the low-pass filter algorithm can damp small fluctuations caused by sensor noise. The virtual 

camera rotation becomes smoother after filtering. 

3.3.2 Fast Rotation Scenario 

This scenario tests the system response to large orientation changes in a short period. The 

jitter value decreased from 287.27°/frame to 79.84°/frame, with a reduction of 72.21%. The 

significant decrease indicates that the algorithm effectively suppresses high-frequency 

components caused by rapid rotation, resulting in a more stable virtual camera rotation. 

3.3.3 Random Movement Scenario 

This scenario represents usage conditions without a specific movement pattern. The jitter 

value decreased from 284.62°/frame to 88.61°/frame, with a reduction of 68.87%. The low-pass 

filter algorithm effectively reduces irregular fluctuations caused by random sensor disturbances, 

making the virtual camera rotation more consistent. 

3.3.4 Walking Scenario 

This scenario simulates everyday use with periodic vibrations from walking. The jitter 

value decreased from 161.51°/frame to 21.72°/frame, achieving the highest reduction of 86.55%. 

This demonstrates that the algorithm is very effective at damping periodic vibrations, resulting 

in a much more stable virtual camera rotation. 

3.3.5 Stair Climbing Scenario 

This scenario evaluates the system response to vertical disturbances with high amplitude. 

The jitter value increased from 168.85°/frame to 255.55°/frame, with a negative reduction of 

−51.34%. This indicates the limitation of the low-pass filter algorithm in damping intense vertical 

disturbances. Sharp orientation changes due to vertical acceleration are not fully filtered. 

3.3.6 Motorcycle Riding Scenario 

This scenario represents complex disturbances caused by engine vibrations and road 

surface irregularities. The jitter value decreased from 176.28°/frame to 59.77°/frame, with a 

reduction of 66.09%. The low-pass filter algorithm can damp most fluctuations caused by road 

vibrations, resulting in more stable virtual camera rotation, although some disturbances remain. 

Based on the scenario-specific results, the low-pass filter algorithm effectively reduced 

jitter in five out of six testing scenarios. The highest effectiveness was observed in the walking, 
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fast rotation, and random movement scenarios. The limitation of the algorithm is evident in the 

stair climbing scenario, which involves high-amplitude vertical disturbances. 

 
Figure 8. Comparison of Jitter Values Before and After Applying the Low-Pass Filter Algorithm 

Figure 8 shows the comparison of jitter values before and after applying the low-pass filter 

across all scenarios. The graph confirms that the algorithm can damp rotation fluctuations in 

most scenarios, except during intense vertical disturbances. 

3.4 Evaluation and Discussion 

Evaluation of the low-pass filter algorithm demonstrates its effectiveness in stabilizing 

virtual camera rotation on the iPhone 12. The highest effectiveness was observed in walking, fast 

rotation, and random movement scenarios. The algorithm was less effective in the stair climbing 

scenario due to high-amplitude vertical disturbances. These findings indicate that the low-pass 

filter significantly improves virtual camera rotation stability under typical usage conditions. 

The results align with previous studies indicating that gyroscope-based stabilization can 

reduce jitter and improve orientation consistency (Han et al., 2021; Karpenko et al., 2011; Hadi et 

al., 2019; Zheng et al., 2020). The study highlights that while low-pass filtering is effective in most 

dynamic conditions, additional techniques may be required to manage intense vertical motion, 

suggesting potential directions for future research. 

3.5 Limitations and Robustness of the Method 

The experimental results indicate that the proposed low-pass filter-based stabilization 

method is effective in reducing virtual camera rotation jitter under most motion conditions. 

However, several limitations should be acknowledged. The method shows reduced effectiveness 

in scenarios involving high-amplitude vertical disturbances, such as stair climbing, where 
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sudden acceleration changes introduce low-frequency components that are not fully suppressed 

by a single-parameter low-pass filter. This limitation is reflected in the increased jitter value 

observed in the stair climbing scenario. 

Despite this limitation, the proposed method demonstrates robust performance across 

common mobile usage scenarios, including walking, fast rotation, random movement, and 

motorcycle riding. In these scenarios, the jitter reduction reached up to 86.55%, indicating strong 

robustness against sensor noise, periodic vibrations, and irregular motion patterns typically 

encountered in real-world mobile applications. In addition, the simplicity and low computational 

cost of the low-pass filter make it suitable for real-time implementation. Future work may explore 

adaptive or hybrid filtering approaches to further improve robustness under extreme motion 

conditions. 

 

4. Conclusion 

The results of this study indicate that the low-pass filter algorithm effectively enhances the 

stability of virtual camera rotation in most motion scenarios. Significant reductions in jitter were 

observed in fast rotation, random movement, and walking scenarios, demonstrating the 

algorithm's ability to suppress fluctuations caused by sensor noise and periodic vibrations. The 

stair climbing scenario showed an increase in jitter, highlighting the algorithm’s limitation in 

handling high-amplitude vertical disturbances. 

Comparison with previous studies shows similar findings, where the use of low-pass filters 

reduced jitter and improved rotational smoothness in mobile applications [4]. The main 

advantage of this algorithm is its simplicity and suitability for real-time implementation. Its 

limitation arises under extreme disturbances or rapid vertical accelerations, which may require 

additional stabilization techniques or a combination of filtering methods. 

The novelty of this research lies in the quantitative evaluation of real-time gyroscope-based 

low-pass filter stabilization applied directly to virtual camera rotation in a Unity-based mobile 

environment, using inter-frame jitter (°/frame) as an objective performance metric across 

multiple realistic motion scenarios. 

The low-pass filter algorithm can be applied as a simple and computationally efficient 

solution for stabilizing virtual camera rotation, improving user experience in virtual camera-

based applications. Its implementation should consider conditions involving intense 
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disturbances or fast vertical movements, and future research may explore hybrid filtering 

approaches to further enhance stability under extreme scenarios. 
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