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Thermal Signature Characteristics of Clothed Human
Considering Thermoregulation Effects
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Abstract

Survivability of soldiers has been greatly threatened by the development of thermal observation device(TOD). Therefore, infrared,
especially thermal, stealth technology is applied to combat suit to avoid detection from TOD. In this study, prior to the thermal
camouflage performance evaluation of combat suit, thermal signature characteristic from clothed the human body was analyzed
considering the realistic condition for human surface temperature compared to that from unclothed human body. To get the realistic
surface temperature distribution of human, thermoregulation and multi-layer skin structure model is applied to the human model.
Based on temperature distribution, surface diffuse radiance in thermal range is calculated and by assuming the background
conditions, contrast radiance intensity(CRI) characteristic of human body is analyzed. By wearing clothing, the CRI between
background and human body became reduced in low emissive background but in high emissive background, the contrast is much
more prominent. Therefore, this issue should be considered in design process of thermal camouflage combat suit.

Keywords | Human thermal signature, clothing, contrast radiance intensity, numerical analysis
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Fig. 1 (a) Analyzed human model with body compartment, (b) schematic of clothed multi-layer compartments
and heat transfer phenomena with thermoregulation process in hypothalamus

Table 1 Properties of garment and body element covered by each clothing

. L;l Re,cl
Clothing (mQK/W) fo (mZkPa/W) Body element covered

Shirts: Long-sleeve, shirts collar(broadcloth) 0.125 1.235 0.0119 Chest, Back, Shoulders, Arms

Trousers: Straight, long, loose(denim) 0.129 1.444 0.0151 Thighs, Lower Legs, Abdomen(outer)

Underwear : Brief(knit) 0.089 1.083 0.0079 Abdomen (inner)

Footwear: Calf length dress socks(knit) 0.075 1.077 0.0417 Feet
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Table 2 Boundary conditions and activity level for
numerical analysis

Parameters Value
Ambient air temeprature(C) 35
Air flow speed(m/s) 0.05
Relative Humidity(%) 0
Room wall temperature(C) 35
Room wall emissivity 1
Activity level(met ) 3.8(Walking)

*1 met = 58.2W/m?

Radiation
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Radiative heat transfer

Imposed Heat
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Bioheat Equation with
Thermoregulation
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Fig. 2 Computational grid of human model with thermal
boundary conditions applied on the model
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