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Abstract: This project investigates the feasibility of utilizing Mylar, a highly reflective polyester film, for infrared (IR)
camouflage in the defense sector. Through a comprehensive analysis of Mylar's optical properties, including its reflectivity and
reflectance, this study aims to assess the material’s potential for reducing thermal signatures and enhancing stealth capabilities
of military assets. The research involves theoretical and numerical analysis to evaluate Mylar's performance under various
environmental conditions, such as temperature extremes, humidity, and exposure to ultraviolet (UV) radiation. Furthermore, the
project explores the integration of Mylar-based IR camouflage into existing defense systems, including vehicle coatings,
personnel gear, and tactical equipment. Recommendations for the deployment and optimization of Mylar-based camouflage
solutions are provided, addressing factors such as material selection, camouflage design, compatibility with sensor systems, and
logistical support. The findings demonstrate Mylar's efficacy in decreasing IR detectability, providing a cost-effective and
versatile solution in IR camouflage. This research contributes significantly to the field of defense technology, offering practical
insights and paving the way for further advancements in stealth and counter-detection measures in military applications.
Keywords: Infrared camouflage, Defence sector, Stealth technology, Thermal camouflage.

L. INTRODUCTION
In modern military operations, the survivability of defence equipment’s is a critical concern. One of the key challenges in achieving
survivability lies in minimizing the defence equipment’s infrared (IR) signature, which can be detected by heat-seeking missiles and
thermal sensors. This research project aims to investigate the application of Mylar, a specialized polyester film, as a potential
material for IR camouflage in defence equipment’s.

1. LITERATURE SURVEY

In recent years, advancements in infrared (IR) technology have significantly impacted military operations, prompting a need for
effective IR camouflage strategies. The use of Mylar, a reflective polyester film, has gained attention as a potential material for IR
camouflage due to its unique properties. This literature survey explores existing research on the study of IR camouflage using Mylar
in the defense sector. The military relies heavily on infrared technology for surveillance, target acquisition, and night vision.
Infrared sensors can detect thermal radiation emitted by objects, making them crucial for both offensive and defensive operations,
however, the vulnerability of military assets to IR detection has led to an increased focus on developing effective camouflage
techniques. Mylar, also known as BoPET (biaxially-oriented polyethylene terephthalate), is a reflective polyester film with unique
optical properties. Research has explored the potential of Mylar in IR camouflage due to its ability to reflect and scatter infrared
radiation. Studies have investigated the effectiveness of Mylar in reducing the infrared signature of military vehicles, personnel, and
equipment. Mylar exhibits excellent reflective properties in the infrared spectrum. Researchers have conducted experiments to
analyse the reflective characteristics of Mylar in various environmental conditions. Understanding how Mylar interacts with infrared
radiation is crucial for optimizing its use in camouflage applications.

1) Yurui Qu, Qiang Li, Lu Cai, Meiyan Pan, Pintu Ghosh, Kaikai Du & Min Qiu [1]

In this study, a thermal camouflage device incorporating the phase-changing material Ge2Sb2Te5 (GST) is experimentally
demonstrated. It has been shown that near-perfect thermal camouflage can be continuously achieved for background temperatures
ranging from 30 °C to 50 °C by tuning the emissivity of the device, which is attained by controlling the GST phase change. The
thermal camouflage is robust when the observation angle is changed from 0° to 60°. This demonstration paves the way toward
dynamic thermal emission control both within the scientific field and for practical applications in thermal information.
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2) Frank Frankovsky [2]

Numerous experiments on dielectric materials have been performed at a variety of pulsed radiation sources including pulsed
reactors, linear accelerators, and flash x-ray machines. The purpose of this work is to examine the properties of the electron-band
model as applied to Mylar and polystyrene at dose rates of about 10 11 rad/sec.

3) Q.Lv,B.DingandL.Li[3]

In this paper, by analyzing the exposure symptoms of the target on the thermal infrared image, four first-order indexes and 11
second-order indexes are extracted, and the evaluation index system of the thermal infrared camouflage effect is established.
Finally, an evaluation model of thermal infrared camouflage effect based on image is established by using super efficiency data
envelopment analysis method, which provides ideas and feasible schemes for intelligent thermal infrared camouflage effect
evaluation in the future.

4) Yungiu Lv, Jing Zhang, Yuchao Dai, Aixuan Li, Nick Barnes, Deng-Ping Fan [4]

In this paper, we revisit this task and argue that the binary segmentation setting fails to fully understand the concept of camouflage.
We find that explicitly modeling the conspicuousness of camouflaged objects against their backgrounds can not only lead to a better
understanding about camouflage, but also provide guidance to designing more sophisticated camouflage techniques. Furthermore,
we observe that it is some specific parts of camouflaged objects that make them detectable by predators. With the above
understanding about camouflaged objects, we present the first triple-task learning framework to simultaneously localize, segment,
and rank camouflaged objects, indicating the conspicuousness level of camouflage. As no corresponding datasets exist for either the
localization model or the ranking model, we generate localization maps with an eye tracker, which are then processed according to
the instance level labels to generate our ranking-based training and testing dataset. We also contribute the largest COD testing set to
comprehensively analyse performance of the COD models. Experimental results show that our triple-task learning framework
achieves new state-of-the-art, leading to a more explainable COD network.

5) Juyeong Nam; Injoong Chang; Hyung Mo Bae; Joon-Soo Lim [5]

In this study, we propose conditions for minimizing signature contrast with the background (i.e., signature synchronization) based
on 3-D IR signature characteristics. We also develop an in-house code that considers the flight behavior of both IR-guided air-to-air
and surface-to-air missiles to analyze the full-range susceptibility of aircraft in 3-D space. This code is used to confirm the
camouflage effect of the signature synchronization strategy. The results show that when the aircraft fuselage is coated with
background-optimized emissivity, the lethal area reduction is significantly better than conventional low-emissivity camouflage in all
elevational detection situations, regardless of the type of missile. In conclusion, our findings demonstrate the effectiveness of the
signature synchronization strategy in reducing the full-range 3-D IR susceptibility of aircraft.

6) Nielsen, Willi G [6]

This invention discloses a mat for multispectral camouflage of objects and permanent constructions. The mat comprises a layer
which is heat insulating and preferably also heat reflecting, especially a perforated layer. Materials such as carbon and metal are
embedded into or coated upon the layer, said materials affecting the reflection and emission characteristics of the mat in the thermal
infrared range and in the radar range. In order to obtain an overall protection against unwanted detection, also of plane and smooth
surfaces, by means of a hard wearing camouflage mat said heat insulating and heat reflecting layer has on its side facing away from
the object or permanent construction a diffusely reflecting layer, preferably a layer which is permeable to liquids.

7) Mark T. DeMeuse [7]

Biaxial (having two axes) stretching of film is used for a range of applications and is the primary manufacturing process by which
products are produced for the food packaging industry. Biaxial stretching of film: principles and applications provides an overview
of the manufacturing processes and range of applications for biaxially stretched films.Part one reviews the fundamental principles of
biaxial stretching. After an introductory chapter which defines terms, chapters discuss equipment design and requirements,
laboratory evaluations, biaxial film structures and typical industrial processes for the biaxial orientation of films.
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8) lzard, Emmette Farr [8]

This invention relates to an improved method for preparing a Synthetic linear polyester which is essentially the condensation
product of a di hydric alcohol and a dibasic acid, and more par ticularly to the preparation of polyethylene terephthalate, a fiber-
forming Synthetic linear polyester. The production of the novel class of fiber forming, linear polyesters of terephthalic acid and a
glycol of the Series HO(CH2) OH where in is an integer from 2 to 10 inclusive, is fully dis closed in copending Whinfield and
Dickson appli cation Serial No. 618,398, filed September 24, 1945 now U. S. Patent 2,465,319. From the com mercial Standpoint
one of the most attractive polymers of this class is polyethylene terephthal ate, and the most promising process for its pro duction
comprises carrying out an ester inter change between ethylene glycol and dimethyl terephthalate to form bis-2-hydroxy-ethyl ter
ephthalate monomer which is polymerized topoly ethylene terephthalate under reduced pressure (below atmospheric pressure) and
at elevated temperatures.

9) Zhu, H., Li, Q., Zheng, C. et al [9]

High-temperature infrared (IR) camouflage is crucial to the effective concealment of high-temperature objects but remains a
challenging issue, as the thermal radiation of an object is proportional to the fourth power of temperature (T4). Here, we
experimentally demonstrate high-temperature IR camouflage with efficient thermal management. By combining a silica aerogel for
thermal insulation and a Ge/ZnS multilayer wavelength-selective emitter for simultaneous radiative cooling (high emittance in the
5-8 um non-atmospheric window) and IR camouflage (low emittance in the 8-14 um atmospheric window), the surface temperature
of an object is reduced from 873 to 410K. The IR camouflage is demonstrated by indoor/outdoor (with/without earthshine)
radiation temperatures of 310/248 K for an object at 873/623 K and a 78% reduction in with-earthshine lock-on range. This scheme
may introduce opportunities for high-temperature thermal management and infrared signal processing.

10) Pooja Ajmera [10]

IR sensor works on by using a select- light sensors to detect a selected light wavelength in the infra-red (IR) spectrum. At present
we are surrounding by electronics and communication devices such as infrared sensor use in many applications. Infra-red sensor just
get any of the mobile with infrared sensor blaster feature use in all electronics devices and these device connected with just one
device i.e. your phone. In this paper an infrared radiation from a simple paper made device which increase its conductivity when
exposed to hot object.

11) Lei Wang, Sangyo Zhang, Jian Dong, Lanxin Ma, Chong Zheng, Wenjie Zhang, and Linhua Liu [11]

Conventional infrared camouflage materials are typically confined to special spectral ranges. To address challenges posed by the
combination of both active and passive detection operating in different bands, a multi-band compatible camouflage material is
highly required. Combining rigorous coupled-wave analysis and genetic algorithm, a 9-layer film structure composed of 3 thermally
stable materials (SiO2, Ge and TiO2) on a quartz substrate is designed, which achieves multi-band infrared camouflage compatible
with radiative cooling and visible colors. Specifically, the structure exhibits low average emissivity of 0.12 and 0.21 in the two
atmospheric window bands of 3~5 pm and 8~14 um, while it shows spectral emissivity favorable of radiative cooling (an average
of 0.67) in the non-atmospheric window band of 5~8 pm. The structure also achieves high absorptivity at two widely applied laser
wavelengths of 1.06 um (Nd:YAG lidar) and 10.6 um (CO2 lidar). In addition, by manipulating the thickness of the top layer, the
structure exhibits tunable visible colors covering green, blue and yellow, et al., without much influence on the above selective
absorption and emission in the infrared bands. The multi-band selective absorption/emission characteristic is also applicable to large
incident/emission angles. The underlying physics are analyzed in detail. The selective emission in the mid-infrared band is mainly
caused by the forbidden bands formed by the multilayer film, while the high absorption at both laser wavelengths is attributed to the
Fabry-Perot resonance supported in the structure and the intrinsic absorption of the materials. Finally, the overall camouflage
performance of the structure is evaluated to make the results more intuitive. The significance of this work lies in the balance
between the multi-band compatibility and structural simplicity of camouflage materials.

12) Staugaitis, C. & Kobren, L. [12]

Results of a comprehensive investigation of the physical and mechanical properties of the Echo 1l material are reported. The Echo 11
material an aluminum - mylar - aluminum composite film was subjected to a variety of tests and environmental controls designed to
evaluate its properties under anticipated service conditions.
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This test program included the determination of creep and relaxation properties, peel strength, electrical conductivity, and uniaxial
and biaxial stress properties. A major portion of these results represents room temperature testing however, for several specific
programs, data were obtained at both freezing and elevated temperatures which simulated actual service conditions. Additional tests
were performed on material which had been exposed to electron radiation of various energies and total exposures. Similar tests were
performed on individual components of the film that is, the mylar, the aluminum, and the adhesives. In addition to laboratory tests
on small samples of the composite film, biaxial strain data were obtained from a full-size balloon used in a Static Inflation Test
performed at Lakehurst, New Jersey. Test results including a failure analysis performed on several full-scale balloons which failed
prematurely are also reported.

13) Frode Berg Olsen [13]

This paper discusses different methods for formulating specifications for thermal camouflage materials or systems. The discussed
methods range from full-scale realistic combat-like military exercises to laboratory measurements of material properties and
computer simulations. As an introduction to the discussion, a brief overview of the physical processes governing the temperature of
outdoors surfaces is given as well as a basic introduction to the formalism and methods used in thermal imaging systems
performance prediction.’

14) Tracy sajaardema, Collin S. Smith and Gabriet C [14]

The Johnson Criteria metric calculates probability of detection of an object imaged by an optical system and was created in 1958 by
John Johnson. As understanding of target detection has improved, detection models have evolved to better model additional factors
such as weather, scene content, and object placement. The initial Johnson Criteria, while sufficient for technology and
understanding at the time, does not accurately reflect current research into target acquisition and technology. Even though current
research shows a dependence on human factors, there appears to be a lack of testing and modeling of human variability.

15) Sailorly, O., Uzlu, H. B., Yakar, O., 4as, S., Balci, O., Kakenov, N., Balci, S., Olgiim, S., Siizer, S., & Kocabas, C [15]

In nature, adaptive coloration has been effectively utilized for concealment and signaling. Various biological mechanisms have
evolved to tune the reflectivity for visible and ultraviolet light. These examples inspire many artificial systems for mimicking
adaptive coloration to match the visual appearance to their surroundings. Thermal camouflage, however, has been an outstanding
challenge which requires an ability to control the emitted thermal radiation from the surface. Here we report a new class of active
thermal surfaces capable of efficient real-time electrical control of thermal emission over the full infrared (IR) spectrum without
changing the temperature of the surface. Our approach relies on electro-modulation of IR absorptivity and emissivity of multilayer
graphene via reversible intercalation of nonvolatile ionic liquids. The demonstrated devices are light (30 g/m2), thin (<50 um), and
ultra flexible, which can conformably coat their environment. In addition, by combining active thermal surfaces with a feedback
mechanism, we demonstrate realization of an adaptive thermal camouflage system which can reconfigure its thermal appearance
and blend itself with the varying thermal background in a few seconds. Furthermore, we show that these devices can disguise hot
objects as cold and cold ones as hot in a thermal imaging system. We anticipate that the electrical control of thermal radiation would
impact on a variety of new technologies ranging from adaptive IR optics to heat management for outer space applications.

16) Lin, X., Ma, H., Liu, J., Zhao, W., Jia, Y., Zhao, J., Li, K., Wu, Y., Wei, Y., Fan, S., & Jiang, K. [16]

Adaptive camouflage in thermal imaging, a form of cloaking technology capable of blending naturally into the surrounding
environment, has been a great challenge in the past decades. Emissivity engineering for thermal camouflage is regarded as a more
promising way compared to merely temperature controlling that has to dissipate a large amount of excessive heat. However,
practical devices with an active modulation of emissivity have yet to be well explored. In this letter we demonstrate an active
cloaking device capable of efficient thermal radiance control, which consists of a vanadium dioxide (VO2) layer, with a negative
differential thermal emissivity, coated on a graphene/carbon nanotube (CNT) thin film. A slight joule heating drastically changes
the emissivity of the device, achieving rapid switchable thermal camouflage with a low power consumption and excellent reliability.
It is believed that this device will find wide applications not only in artificial systems for infrared camouflage or cloaking but also in
energy-saving smart windows and thermo-optical modulators.
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17) Woo, H. K., Zhou, K., Kim, S., Manjarrez, A., Hoque, M. J., Seong, T., & Cai, L. [17]

Tailoring thermal radiation using low-infrared-emissivity materials has drawn significant attention for diverse applications, such as
passive radiative heating and thermal camouflage. However, the previously reported low-infrared-emissivity materials have the
bottleneck of lacking independent control over visible optical properties. Here, a novel visibly transparent and infrared reflective
(VTIR) coating by exploiting a nano-mesh patterning strategy with an oxide—metal—oxide tri-layer structure is reported. The VTIR
coating shows simultaneously high transmittance in the visible region (>80% at 550 nm) and low emissivity in the mid-infrared
region (< 20% in 7-14 um). The VTIR coating not only achieves a radiative heating effect of 6.6 °C for indoor conditions but also
enables a synergetic effect with photothermal materials to keep human body warm at freezing temperatures for outdoor conditions,
which is 10-15 °C warmer than normal cotton and Mylar film. Moreover, it demonstrates an excellent thermal camouflage effect at
various temperatures (34-250 °C) and good compatibility with visible camouflage on the same object, making it ideal for both
daytime and nighttime cloaking. With its unique and versatile spectral features, this novel VTIR design has great potential to make a
significant impact on personal heat management and counter-surveillance applications.

18) Brancato, E. L., & Allard, J. G. [18]

The effects of dose and dose rate of electron irradiation have been investigated on the electrical and thermal properties of "Mylar."”
Rate of irradiation as well as the length of post irradiation time markedly influence the magnitude of the observed changes. A
transient surface effect reflecting upon the measured dielectric constant has been observed.

1. LITERATURE SUMMERY
The potential of Mylar, a reflective polyester film, for infrared (IR) camouflage in the defence sector. As IR technology becomes
crucial in military operations, researchers investigate Mylar's ability to scatter and reflect infrared radiation. Despite challenges in
durability and adaptability, studies explore coatings and integration with traditional camouflage patterns. Comparative analyses with
other IR camouflage materials provide insights, highlighting Mylar's promise. This research signifies the growing interest in Mylar's
application for stealth in military operations, emphasizing its role in enhancing defence technology's future capabilities.

V. MATERIAL

A. Mylar

Mylar is a brand name for a type of biaxially-oriented polyester film (BoPET). BoPET is a high-performance plastic film known for
its unique properties, including high tensile strength, chemical stability, transparency, and excellent dimensional stability. Mylar,
specifically, is widely recognized for its use as a reflective material. Its reflective nature, coupled with its durability, has made
Mylar a popular choice for various applications, including packaging, insulation, and, as discussed in your research project, infrared
(IR) camouflage in the defense sector. Mylar's ability to reflect and scatter infrared radiation makes it a promising candidate for
mitigating IR signatures in military applications.

1) Properties of Mylar:

e Mechanical Strength: Mylar exhibits exceptional mechanical strength, with a tensile strength several times greater than that of
traditional plastics. This high tensile strength allows Mylar to withstand considerable stress and strain without tearing or
deforming, making it highly durable and resilient.

o Reflectivity: Mylar is known for its high reflectivity, particularly in the IR spectrum. This means that it can effectively reflect
incident IR radiation, reducing the amount of heat absorbed by the material. The reflective properties of Mylar contribute to its
ability to mitigate thermal signatures and provide thermal insulation, making it suitable for applications where heat
management is important, such as spacecraft insulation, thermal blankets, and IR camouflage.

o Emissivity: Emissivity refers to the material's ability to emit thermal radiation. A low emissivity value indicates that the
material emits less thermal radiation and retains heat more effectively. Mylar typically exhibits low emissivity, especially in the
IR spectrum, which means that it emits relatively little thermal radiation compared to its surroundings. This property is
advantageous for applications requiring thermal insulation or heat retention, such as in buildings, greenhouses, or thermal
blankets.
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e Dimensional Stability: Mylar maintains its dimensions and shape even under extreme conditions, such as changes in
temperature or humidity. This dimensional stability ensures that Mylar retains its structural integrity and performance
characteristics over time, making it suitable for applications requiring precise tolerances.

e Optical Clarity: Mylar is transparent and offers excellent optical clarity, with minimal distortion and high light transmission
properties. This optical clarity makes Mylar ideal for applications where visual aesthetics or light transmission are critical, such
as protective coatings for electronic displays or architectural glazing.

e Thermal Resistance: Mylar exhibits excellent thermal resistance, retaining its properties and performance across a wide
temperature range. It can withstand both high and low temperatures without degrading, making it suitable for applications
exposed to extreme thermal conditions.

e Chemical Inertness: Mylar is chemically inert and resistant to most chemicals, acids, and solvents. This chemical resistance
ensures that Mylar remains unaffected by exposure to harsh or corrosive environments, making it suitable for use in a variety of
industrial and chemical processing applications.

e Electrical Insulation: Mylar is an excellent electrical insulator, with high dielectric strength and low electrical conductivity.
This makes it suitable for use in electrical insulation applications, such as insulating tapes, cables, and electrical components.

o Flexibility and Formability: Mylar is highly flexible and can be easily formed into various shapes and configurations. It can be
laminated, coated, or thermoformed to enhance specific properties or meet the requirements of different applications.

o Lightweight: Mylar is lightweight compared to other materials with similar properties, making it suitable for applications where
weight savings are critical, such as aerospace or automotive components.

o Cost-Effectiveness: Mylar is relatively cost-effective compared to alternative materials with similar properties. Its availability
in a wide range of thicknesses and formats allows for cost-efficient customization and adaptation to specific application
requirements.

e Mylar's combination of mechanical strength, dimensional stability, optical clarity, thermal resistance, chemical inertness, and
other properties makes it a versatile and widely used material across various industries. Its ability to withstand harsh
environments, maintain performance over time, and offer cost-effective solutions to engineering challenges has established
Mylar as a material of choice for a wide range of applications.

H H

N =0
M=

Fig. 4.1.1 chemical composition of Mylar
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2) Physical Properties of Mylar:
Table. 4.1.2 Physical Properties of Mylar

Physical Properties
Properties Typical Units | Test Method

Value
Tensile Strength (MD) 28,000 psi ASTM-D882
Tensile Strength (TD) 34,000 psi ASTM-D882
Strength Elongation MD 15,000 psi ASTM-D882
Strength F-5 TD 14,000 psi ASTM-D882
Modulus MD 710,000 psi ASTM-D882
Modulus TD 740,000 psi ASTM-D882
Elongation MD 115 % ASTM-D882
Elongation TD 92 % ASTM-D882
Surface Roughness 38 nm Optical Profilometer
Density 1.39 g/cc ASTM-D1505
Viscosity 0.56 dL/g ASTM-D4603
Yield 21,000 in2/1b n/a
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3) Thermal Properties of Mylar:

Thermal Properties

Properties Typical Value Units Test Method
Melting Point 254 °C n/a
Dimensional Stability n/a n/a n/a

at 105° C MD 0.6 % n/a

at 105°C TD 0.3 % n/a

at 150° C MD 1.8 % n/a

at 150°C TD 1.0 % n/a
Specific Heat 0.28 cal/gli° C n/a
Thermal Expansion 1.7 x 10-5 in/in/° C ASTM-D696
UL94 Flame Class 94VTM-2 n/a Slow to self-extinguishing

Table 4.1.3 Thermal Properties of Mylar
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Fig. 4.1.1.1 Stress-Strain Curves  Fig. 4.1.1.2 Tensile Properties vs. Temperature

V. INFRARED DETECTION
A. Introduction of Infrared Detection
Infrared (IR) detection is based on the principle that all objects with a temperature above absolute zero emit infrared radiation. The
detection process involves capturing and analysing this emitted radiation to extract information about the object's temperature,
composition, or presence. Here's a detailed explanation of the principle and process of infrared detection:
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B. Principle of Infrared Detection:

1) Thermal Emission: According to Planck's law of black-body radiation, all objects emit electromagnetic radiation as a function
of their temperature. This emission occurs across a broad spectrum of wavelengths, with the peak wavelength shifting towards
longer wavelengths as the temperature increases. Infrared radiation corresponds to wavelengths longer than those of visible
light, typically ranging from about 0.7 micrometers to 1 millimeter.

2) Spectral Signatures: Different materials and substances emit and absorb infrared radiation at characteristic wavelengths. By
analyzing the spectral signatures of infrared radiation, it is possible to identify the composition of materials, determine their
temperature, or detect specific substances. This principle forms the basis for various applications of infrared detection,
including thermal imaging, spectroscopy, and gas sensing.

C. Process of Infrared Detection:

1) Capture of Infrared Radiation: The first step in infrared detection is to capture the infrared radiation emitted or reflected by
objects of interest. This is typically done using specialized sensors or detectors that are sensitive to infrared radiation. These
detectors may be based on various principles, such as thermal detection, photonic detection, or quantum detection, depending
on the specific application requirements.

2) Conversion to Electrical Signals: Once the infrared radiation is captured, it is converted into electrical signals by the infrared
detector. This conversion process typically involves the absorption of infrared photons by the detector material, resulting in the
generation of free charge carriers (e.g., electrons or electron-hole pairs). These charge carriers produce a measurable electrical
signal that is proportional to the intensity of the incident infrared radiation.

3) Signal Processing and Analysis: The electrical signals generated by the infrared detector are processed and analyzed to extract
useful information about the objects being detected. This may involve amplification, filtering, and digitization of the signals to
improve their quality and reliability. Advanced signal processing techniques, such as Fourier transform spectroscopy or digital
image processing, may also be employed to analyze the spectral and spatial characteristics of the infrared radiation.

4) Interpretation and Visualization: Finally, the processed infrared signals are interpreted and visualized to provide insights into
the temperature, composition, or presence of objects in the scene. In applications such as thermal imaging, the processed signals
are displayed as false-color images or temperature maps, where different colors represent different temperature ranges. In
spectroscopy, the spectral features of the infrared signals are analyzed to identify specific molecular or chemical species.

Overall, the process of infrared detection involves capturing, converting, processing, and analyzing infrared radiation to extract

valuable information about the objects being detected. This information can be used for a wide range of applications, including

thermal imaging, spectroscopy, gas sensing, and remote sensing. Advances in infrared detection technology continue to drive
innovation and expand the capabilities of infrared-based sensing and imaging systems across various fields and industries.

Electromagnetic spectrum 1
Radiationtype | Radiowaves |Microwaves| Infrared "uu raviolet|  X-rays G':‘z’s’s"a
Wavelength 30 mm 1mm 1o nm 0.01nm
(approximate)
Visible ||gm
700 nm 600 nm 500 nm 400 nm

Longer wavelength —————————3  Shorter wavelength 075ym_ 3""‘ 1000ym
Lower energy ———— > Higher energy
Fig. 5.1 Electromagnetic spectrum Fig. 5.1.1 Infrared Spectrum

IR Transmitter

IR Receiver

Fig 5.2 Basic principle of infrared detection
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VI. CALCULATIONS \

Considering a rectangular plain wall of steel following dimensions,

. 3
Thickness — 3 mm
Width -20 cm
Height 50cm
Assuming heat is conducted from plain wall by means of convection and conduction hot and cold fluid is taken as air
Temperature of hot fluid Th = 323 kelvin
Temperature of left side of wall T1 =318 kelvin
Temperature of right side wall T2 =?
Temp of cold fluid Tc =297 kelvin

Thermal conductivity of plain wall K =0.045 W/mK
Convective heat transfer co-efficient of hot and cold fluid hh= 0.015 W/mK

Area of the wall A=200*500*3 mm?2
Total heat transferred from the plain wall
= ThTe
(wal) - (Rep)equivalent

Equivalent thermal resistant,
(R.p)equivalent = EES 1
hpA

KA heA

. 1 1 1

(R.)equivalent = + +
0.015%200%500%3 0.045%200%x500%3 0.015%200%500%3

(R;p)equivalent = 51851 x 107

323-297
(Qtotal) - m

(Qtotar) = 50143.68093 KI/KG
We know that, for a given thickness

KA(T, — T,)
(Qtotal) = %
0.045 x 200 x 500 x 3(318 —T)
(Qtotal) = 3

T, = 306 Kelvin
Radiation emitted by surface

We have,
.. .. Total Radiation Emitted by Surface
Emmistvity = Total Radiation Emitted by Black Body
Total Radiation Emitted by Black Body = g, X A x &£ X T3
Egiack boay = 0p X A X €% TS
Where,

0, — Stefan Boltzman Constant
A — Surface Area
& — Emmisivity of Steel Surface (0.80) at high temperature
T,- Temperature of right side wall
Therefore,
Epiack boay = 5.67 % 1078 x 200 x 500 x 3 x 306*

Egack boay = 149.13 x 10°
Total Radiation Emitted by Surface = Total Radiation Emitted by Black Body < Emmisivity
ESurface =149.13 % 10° x 0.80

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 2609



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 12 Issue V May 2024- Available at www.ijraset.com

Esyrface = 119.304 x 10°
Total Radiation Reflected

Reflectivity of mylar = Total Radiation Incident
pey = GO
G(y)

G, — Total Radiation Reflected
G; — Total Radiation Incident
G, = 119.304 x 106 x 0.97
G, = 11572 x 10°
119.304 x 10°

PY) = ———

)= Ti5 72 % 10°
P(y) =0.97

Reflectivity of mylar) = 0.97

We know

Total Radiation Reflected)2

Reflectance of mylar = ( Total Radiation Incident

Gr(y))2
G (y)
119.304 x 106>2

Reflectance of mylar = (

115.72 x 10¢
Reflectance of mylar = 0.94

Reflectance of mylar = (

VIL. RESULT

Sr. No. Parameters value
1 Equivalent thermal resistant (R.)equivalent = 51851 x 10~
2 Total heat transfer (Qtotar) = 50143.68093 KI/KG
3 Emissivity of black body Epiack boay = 149.13 x 10°
Emissivity of surface Esyrface = 119.304 x 10°
5 Reflectivity of mylar 0.97
6 Reflectance of mylar 0.94

Average Reflectivity: The average reflectivity of Mylar in the mid-infrared (3 to 5 micrometre’s) regions was determined to be 97%.

A. Discussion

The study on infrared (IR) camouflage using Mylar in the defense sector has provided valuable insights into the potential
applications and effectiveness of Mylar-based camouflage materials. The project aimed to investigate the optical properties of
Mylar, assess its suitability for IR camouflage, and provide recommendations for its integration into defense systems. Here, we
discuss the key findings, implications, and future directions of the project:
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B. Optical Properties of Mylar

The analysis of Mylar's optical properties revealed its high reflectivity in the infrared spectrum, with a reflectivity of 97% and a
reflectance of 94%. These values indicate that Mylar has excellent light-reflecting capabilities, making it well-suited for applications
requiring IR camouflage. The discussion of Mylar's optical properties lays the foundation for understanding its potential
effectiveness in concealing military assets from IR detection systems.

C. Effectiveness of Mylar-Based IR Camouflage:

Based on the calculated reflectivity and reflectance values, it can be inferred that Mylar has the potential to effectively camouflage
military assets from IR detection. By utilizing Mylar-based materials in defense systems, military organizations can reduce the
thermal signatures of vehicles, equipment, and personnel, thereby enhancing their stealth capabilities and survivability on the
battlefield. The discussion of Mylar's effectiveness in IR camouflage highlights its strategic importance in modern warfare
scenarios.

D. Challenges and Future Directions:

Despite the promising findings, several challenges and future research directions remain. Further studies are needed to optimize
Mylar-based camouflage designs, enhance durability and environmental resilience, and develop standardized evaluation
methodologies for assessing camouflage effectiveness. Interdisciplinary collaboration between material scientists, engineers, and
defense experts will be crucial for addressing these challenges and advancing the state-of-the-art in IR camouflage technology.

VIIl.  CONCLUSION
The investigation into the reflectivity of Mylar in the infrared spectrum has yielded valuable insights for its potential application in
military infrared camouflage. The comprehensive analysis and experimental results provide a basis for drawing several key
conclusions:
A. Mylar's Reflectivity Performance:
The study confirms that Mylar exhibits significant reflectivity in both the mid-infrared (3 to 5 micrometre’s) and far-infrared (8 to
12 micrometre’s) regions. The average reflectivity percentages align with the expected optical properties of Mylar, showcasing its
suitability for infrared camouflage applications.

B. Wavelength-Specific Reflectivity:

The wavelength-specific reflectivity data reveals nuances in Mylar's performance across different points in the infrared spectrum.
This detailed information is crucial for understanding the material's effectiveness under specific operational conditions, aiding in the
strategic integration of Mylar within military camouflage strategies.

C. Environmental Variability:

Reflectivity measurements exhibit consistency under varying environmental conditions, with a minimal standard deviation. This
robustness suggests that Mylar maintains its reflective properties, making it a reliable material for infrared camouflage across
diverse operational scenarios.

D. Potential for Military Applications:

The observed reflectivity of Mylar positions it as a promising candidate for integration into military infrared camouflage strategies.
Its ability to reduce the infrared signature of objects, when coupled with traditional visual camouflage, can enhance stealth
capabilities, providing a tactical advantage in defense operations.

E. Future Considerations:

While the study establishes Mylar's reflective prowess, further research can explore optimization strategies. This includes
investigating the impact of Mylar thickness, surface treatments, and integration with traditional camouflage patterns for achieving
an optimal blend of visual and infrared concealment.

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 2611



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 12 Issue V May 2024- Available at www.ijraset.com

F. Limitations and Recommendations:

Acknowledging that Mylar is not a perfect solution, this study recognizes certain limitations, including potential durability
challenges and adaptability concerns. Future research endeavours could focus on addressing these limitations through innovative
coatings, treatments, and materials engineering.

G. Implications for Defense Technology:

The findings of this study have direct implications for the advancement of defense technology. Mylar's demonstrated reflectivity can
contribute to the development of more effective and versatile infrared camouflage solutions, aligning with the evolving needs of
modern military operations. the study provides a foundation for considering Mylar as a valuable component in the ongoing pursuit
of enhancing defense technology. The reflective properties exhibited by Mylar hold promise for optimizing the concealment of
military assets in the infrared spectrum, contributing to the broader goals of improving stealth and strategic advantage on the
battlefield. The project sets the stage for further research, development, and implementation of Mylar-based infrared camouflage in
the defence sector.
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