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Abstract: This research systematically evaluates the 

effectiveness of 14 distinct camouflage patterns across various arid 

environments. The study employs a comprehensive quantitative 

measurement framework, integrating two advanced image 

processing techniques: Gabor filters and Local Binary Patterns 

(LBP). These techniques provide an objective analysis of 

camouflage concealment by assessing the patterns' ability to blend 

into a diverse range of arid environmental backdrops. The 

research emphasizes the structural and textural aspects of 

camouflage patterns while deliberately excluding the influence of 

color palettes to isolate the impact of design elements. Data is 

collected and analyzed to quantify the performance of each pattern 

under controlled conditions, ensuring consistent and replicable 

results. The findings offer valuable insights into optimizing 

camouflage design, with practical implications for enhancing 

concealment strategies in military operations and wildlife 

research. By focusing on pattern design alone, this study 

contributes to a more nuanced understanding of how texture and 

structure influence the effectiveness of visual camouflage in arid 

landscapes. 

Keywords: Camouflage, Image Processing, Pattern Analysis, 

Concealment Effectiveness.  

Abbreviations:  

LBP: Local Binary Pattern 

DPCU: Disruptive Pattern Camouflage Uniform 

CNNs: Convolutional Neural Networks 

I. INTRODUCTION

Camouflage is a critical strategy for concealing personnel

and equipment by enabling them to blend into their 

environment [1]. Advances in computational imaging have 

introduced new methodologies for objectively assessing the 

effectiveness of various camouflage designs. This study 

applies image processing techniques—specifically Gabor 

filters and Local Binary Patterns (LBP)—to evaluate and 

compare 14 distinct camouflage patterns across a spectrum of 

arid environments [2]. 

The primary objectives of this research are: 

A. To investigate the application of advanced image analysis

in the evaluation of camouflage patterns.

B. To assess the comparative performance of 14 camouflage

patterns in diverse arid environmental conditions.

C. To identify the most effective camouflage pattern for

broad application in arid terrains.
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It is important to note that this study focuses solely on the 

structural design and texture of the selected camouflage 

patterns, without accounting for the influence of their 

respective color palettes [3]. 

II. METHODOLOGY

The study systematically evaluates 14 distinct camouflage 

patterns against 30 unique arid environment backdrops, 

encompassing a range of terrains such as sand dunes, rocky 

outcrops, and scrublands [4]. The patterns under analysis 

include [5]: 

A. 3 Color Desert: Introduced in the 1990s to replace the 6-

color "chocolate chip" pattern, improving concealment

in desert regions [6].

B. All Over Brush: Developed during the U.S. Army's

universal camouflage trials, featuring complex, brush-

like swirls designed for multifaceted environments [7].

C. Auscam Arid: Adapted from the Australian Disruptive

Pattern Camouflage Uniform (DPCU), optimized for

arid and semi-arid conditions [8].

D. British DPM: Originating in the 1960s, this pattern's

irregular shapes provide effective concealment across

diverse terrains.

E. Brushstroke: Developed in the 1940s, characterized by

irregular brush-like strokes intended to disrupt the

human silhouette.

F. Chocolate Chip: Introduced in the 1980s for desert

warfare, notable for its tan and brown block shapes with

contrasting spots [7].

G. Flecktarn: A German pattern from the 1980s featuring

irregular spots designed for woodland environments but

adaptable to arid conditions [9].

H. French Lizard: Originating in the 1940s for French

colonial operations, incorporating jagged green and

brown shapes.

I. Italian Flora: Introduced in 1990, this pattern,

influenced by U.S. Woodland designs, utilizes organic

shapes for effective concealment.

J. MARPAT Arid: A pixelated digital camouflage created

by the U.S. Marine Corps, specifically designed for

desert conditions [10].

K. Multicam: Developed by Crye Precision, this versatile

pattern blends seven colors to provide concealment

across various environments [11].

L. Tigerstripe: Originating during the Vietnam War,

featuring bold, jagged stripes tailored for dense foliage

concealment.

M. Tropentarn: A 1990s 

German camouflage 
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pattern designed for tropical and arid regions with tan, 

brown, and green irregularities [9]. 

N. US Woodland: A four-color disruptive design adopted 

by the U.S. military in the 1970s for temperate and 

woodland environments [12]. 

To maintain consistency, each pattern was tested under 

identical lighting conditions and standardized image capture 

protocols [13]. The evaluation was conducted by averaging 

results from 30 random arid backdrops, ensuring a 

comprehensive and reproducible assessment. 

Further methodological rigor was ensured through 

randomized testing sequences and standardized image 

preprocessing, including normalization of resolution and 

aspect ratios. This robust experimental design minimizes bias 

and enhances the replicability of the findings [14]. 

III. ALGORITHM 

The evaluation algorithm integrates Gabor filter and LBP 

analyses to quantify the effectiveness of each camouflage 

pattern. 

A. Gabor Filter Analysis 

Gabor filters are widely used for texture analysis due to 

their ability to capture spatial frequency, orientation, and 

scale. Each camouflage pattern is analyzed using a set of 

Gabor filters with varying frequencies and orientations [15]. 

The Gabor function is defined as [16]: 

 

𝐺(𝑥, 𝑦;  𝜆, θ, 𝜓, 𝜎, 𝛾)

= 𝑒𝑥𝑝 (−
𝑥′2 + 𝛾2𝑦′2

2𝜎2
) 𝑐𝑜𝑠 (2𝜋

𝑥′

𝜆
+ 𝜓) 

 

Where: 

𝑥′ = 𝑥 𝑐𝑜𝑠(𝜃) + 𝑦 𝑠𝑖𝑛(𝜃) 

 

𝑦′ = 𝑦 𝑐𝑜𝑠(𝜃) − 𝑥 𝑠𝑖𝑛(𝜃) 
 

Parameters: 
 

𝜆 − Wavelength of the sinusoidal factor 

𝜃 − Orientation of the Gabor kernel 

𝜓 − Phase offset 

𝜎 − Standard deviation of the Gaussian envelope 

𝛾 − Spatial aspect ratio 
 

By applying multi-scale, multi-orientation Gabor filters, we 

extract key texture features and compare them against 

environmental backdrops quantifying them into discrete 

numeric values. 

B. Local Binary Patterns Analysis 

Local Binary Patterns (LBP) offer a robust, efficient means 

of texture characterization [17]. Each pixel in an image is 

compared to its surrounding neighbors to form a binary 

pattern [18]. The LBP for a given pixel is calculated as [19]: 

 

𝐿𝐵𝑃𝑃
𝑅 =  ∑ 𝑠(𝑔𝑝 − 𝑔𝑐)2𝑝

𝑃−1

𝑝=0

 

Where: 

𝑔𝑐 − the intensity of the center pixel 

𝑔𝑝 − the intensities of the surrounding P pixels 

 

𝑠(𝑥) =  {
1      𝑖𝑓 𝑥 ≥ 0
0      𝑖𝑓 𝑥 < 0

 

 

LBP histograms are generated for each camouflage-

background pair to quantify texture similarity, and these 

histograms are compared using Chi-square distance metrics. 

The combined outputs of Gabor filter analysis and LBP 

histograms provide a comprehensive assessment of 

camouflage effectiveness. 

C. Combined Effectiveness Calculation 

The combined effectiveness score for each pattern is 

computed by averaging the normalized outputs of the Gabor 

filter and LBP analyses: 

 

𝐸 =  𝛼 𝐸𝐺𝑎𝑏𝑜𝑟 + (1 − 𝛼) 𝐸𝐿𝐵𝑃  
 

Where: 
 

𝐸𝐺𝑎𝑏𝑜𝑟 − the effectiveness score from Gabor filter analysis 

𝐸𝐿𝐵𝑃 − the effectiveness score from LBP analysis 

𝛼 − weighting factor that balances the contribution of each 

method 
 

The combined outputs of Gabor filter analysis and LBP 

histograms provide a comprehensive assessment of 

camouflage effectiveness. Please note that a value of 0.4 was 

selected for α as it provides an optimum output for the 

combined effectiveness score. 

The following methodology was utilized in the selection of 

the α value [19] as 0.4: 

▪ A range of values for α (0.1 to 0.9) was tested, adjusting 

the balance between Gabor filter and LBP analysis 

contributions [20]. 

▪ When α < 0.4, the model became overly sensitive to 

high-frequency textures [21], causing it to favor patterns 

with excessive detail, even when they did not blend 

effectively with the environment [22]. 

▪ When α > 0.4, the model placed excessive weight on 

LBP similarity, which reduced its ability to capture 

large-scale texture disruption (essential for effective 

camouflage) [23]. 

The optimal trade-off was observed at α = 0.4, where the 

variance of effectiveness scores across different terrains was 

minimized while maintaining strong differentiation between 

effective and ineffective patterns [24]. 

IV. RESULTS 

The combined Gabor filter and LBP analyses produced the 

following quantitative assessments across the 14 camouflage 

patterns are as illustrated in Table I. 
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Table-I: Calculated Values and Variance of the 14 

Camouflage Patterns 

Camouflage 

Pattern 

Calculated Value 

(Average) 
Variance 

All Over Brush 0.69 0.0096 

MARPAT Arid 0.47 0.0036 

Chocolate Chip 0.46 0.004 

Flecktarn 0.46 0.0055 

Tigerstripe 0.44 0.0035 

Tropentarn 0.43 0.0026 

Auscam Arid 0.4 0.003 

British DPM 0.39 0.0039 

Brushstroke 0.38 0.0062 

US Woodland 0.35 0.0055 

French Lizard 0.32 0.0046 

3 Color Desert 0.3 0.0056 

Multicam 0.28 0.0045 

Italian Flora 0.24 0.0054 

 

From Table I it can be observed that the "All Over Brush" 

pattern exhibited the highest overall effectiveness, while 

MARPAT Arid demonstrated consistent performance across 

diverse arid landscapes as illustrated by its smaller variance. 

V. CONCLUSION 

The analysis of 14 distinct camouflage patterns in arid 

environments reveals that the "All Over Brush" pattern is the 

most effective in providing visual concealment. Its superior 

average calculated value of 0.69 indicates a higher degree of 

blending with arid landscapes. This pattern's intricate 

brushstroke design allows it to disrupt visual detection across 

a variety of terrains, making it ideal for multi-environment 

deployment. 

The MARPAT Arid pattern, while not achieving the highest 

score, demonstrated exceptional consistency with a 

calculated value of 0.47 and the lowest variance (0.0036). 

This suggests that MARPAT Arid performs reliably across 

diverse arid environments, making it a strong candidate for 

applications where stability across varying conditions is 

paramount. 

Patterns such as Chocolate Chip and Flecktarn, which 

scored 0.46 each, also showed effective concealment 

capabilities but with slightly higher variance, indicating more 

variable performance across different backdrops. Patterns 

with simpler designs, such as the Multicam (0.28) and Italian 

Flora (0.24), were found to be less effective in providing 

adequate camouflage in arid environments. 

VI. FUTURE SCOPE 

Future research could expand upon this study by 

incorporating additional environmental parameters, such as 

varying lighting conditions, surface reflectivity, and 

atmospheric effects. Integrating advanced machine learning 

models, particularly convolutional neural networks (CNNs), 

could enhance the accuracy and efficiency of camouflage 

detection and evaluation. Additionally, extending the scope 

to include a wider range of terrain types—such as 

mountainous and urban environments—would provide a 

more comprehensive understanding of pattern efficacy. Field 

testing in real-world scenarios could validate the model's 

performance and identify practical limitations. Furthermore, 

combining pattern and color analyses may yield more holistic 

insights into optimizing camouflage design for dynamic 

operational environmentstext actually exist.  

APPENDIX A: PYTHON CODE 

The Python code utilized for this camouflage analysis study 

can be found in the following GitHub repository:  

https://github.com/adithyasakthivel/Canouflage-Texture-

Analysis/ 

The code in the above repository is free to use and can be 

executed locally. Python must be installed on your system to 

run the script. 
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