
  

 

Abstract— Thermal infrared imaging (TIRI) employs a focal 

plane array (FPA) of infrared detectors, with associated optics 

and optoelectronics to remotely detect and topographically map 

thermal emittance. Thermal and optical properties of human 

physioanatomy are not fully understood yet confounding 

diagnostic interpretation of human TIRI’s. Elucidation of the 

specific physical mechanism via which thermal emission arises 

from human anatomy in-vivo requires empirical investigation 

under objective clinical protocols. This paper characterizes the 

fundamental architecture of the clinical TIRI system with a view 

to facilitation of objective protocol development, elucidation of 

the mechanism/s of human thermal infrared emittance, and 

eventual validation of TIRI as a diagnostic medical tool. Relevant 

recent and ongoing empirical studies by the authors are also 

summarized. 

 

I.   INTRODUCTION 

 

HERMAL  infrared imaging (TIRI) employs a focal plane 

array of infrared detectors, with associated optics and 

readout circuitry to remotely detect and topographically 

map thermal emittance. A body’s thermal emittance 

(W/m
2
/µm) is a function of both temperature and emissivity, 

where emissivity (Є) is an index value from 0-1 describing 

ability of a surface to emit energy via radiation relative to a 

perfect blackbody radiator. The passive, non-invasive, non-

ionizing nature of TIRI has raised interest in potential 

applications in medicine. The specific mechanism/s of spectral 

human emittance are currently poorly understood, precluding 

meaningful interpretation of clinical TIRI’s. This paper 

characterizes the fundamental architecture of the clinical TIRI 

system (Fig. 1) with a view to facilitation of objective protocol 

development, elucidation of the mechanism of human thermal 

infrared emittance, and eventual validation of TIRI as a 

diagnostic medical tool. With objective validation, such a tool 

would find widespread application in non-invasive; 

diagnostics, prognostics, biometrics, patient monitoring, and 

surgery [1-3]. 
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At the 2010 EMBC workshop entitled ‘Lessons Learned from 

Medical Systems Development’, several pertinent 

contemporary issues were raised, namely that;  currently 

available methods for inference of spatiotemporal tissue-

temperature profiles, as used in development of tumor ablation 

devices, are costly and difficult to implement; emphasis must 

be placed upon both lower-priced and faster alternatives to 

existing systems with similar function; and that a winning 

medical system design must gain acceptance from all 

stakeholders [4]. 

 

 
 

Fig. 1.  Schematic representation of the clinical TIR image acquisition system 

architecture. The 3 subsystem entities shown include i) the thermal camera 

(FPA + associated optoelectronics), ii) the ambient atmosphere, and iii) the 

tissue volume of interest. Where; Tr = temperature of ambient sources, τ(1-

Єs)Wr = TIR radiation from ambient sources reaching the lens of the camera,  

τЄsWs = TIR radiation from human subject reaching the lens, Wr = emittance 

from ambient sources, τ = atmospheric transmittance, Ta = temperature of 

ambient atmosphere, (1-Єs)Wr = emittance from human tissue due to 

reflection of radiation from ambient sources, ЄsWs= emittance from human 

tissue due to intrinsic temperature and emissivity, Єs= emissivity of tissue 

volume, Ts = surface temperature of tissue volume. 

 

II. TISSUE VOLUME OF INTEREST 

Diagnostic interpretation of human TIRI’s will require 

accurate dynamic modelling of both the thermal and optical 

properties of the physioanatomic milieu.  Existing models 

attempt to characterize transient 3D tissue temperature profiles 

in terms of conduction and convection, based upon allocation 

of the thermal topography of the TIRI to the outer surface of 
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the skin, and application of augmented versions of Pennes’ 

Bioheat Equation (1) to computational bioheat transfer models 

as represented by Fig. 2.  
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Equation 1: Pennes’ Bioheat equation describing transient temperature 

distribution within human tissue layers of thickness ‘n’, where ρn = tissue 

density, Cn = specific heat of tissue, Tn = local tissue temperature, kn = tissue 

thermal conductivity, Qn = metabolic heat generation per unit tissue volume, 

ρb = blood density, Cb = blood specific heat, ωb = blood perfusion rate, and 

Tb = arterial blood temperature [5]. 

 

 
 

Fig. 2.  Schematic cross-sectional depiction of a generic volume of interest 

(VOI), featuring;  i) the lesion/kill-zone at the pathothermal hypocenter; ii) 

the lesion’s host tissue/s; iii) interstitial tissue/s; iv) embedded vascular 

network; and v) the pathothermal epicenter on the outer surface of the 

superficial tissue layer, constituting the thermal infrared region of interest 

(ROI). 

 

Current bioheat modelling research is focussed upon 

development of algorithmic arguments to accurately account 

for the dominant processes involved in the arterial transport 

phenomenon [6]. Most prominent among these are the 

Staverman filtration and osmotic reflection coefficients, 

accounting for selective rejection of species by the 

endothelium and internal elastic lamina, porous membranes, 

and the effects of osmotic pressure. Also of interest are the 

mechanical effects of blood flow upon heat transfer 

characteristics of the lumen and arterial wall, with the porous-

media approach currently in favour [7]. 

 Considering optical properties, in-vivo TIRI of the in-tact 

human body is highly illumination invariant, implying a large 

degree of bodily absorption and correspondingly high effective 

emissivity [8]. Recent studies have reported significantly 

greater thermal emission from a human body with an outer 

surface temperature of 32°C, than from a blackbody in the 

same scene, also with an outer surface temperature of 32°C 

[8]. As a real graybody cannot emit more efficiently than a 

blackbody of equal surface temperature, the outer skin layer 

cannot be considered the sole graybody source for the imaged 

emittance from a human body. This phenomenon tends to 

agree with the independence of visible skin colour and bodily 

thermal emissivity [8].  

 The authors are currently investigating the specific 

phenomenology of human emittance, aswell as the correlation 

of  TIRI ‘hotspots’ to MRI signs of osseous stress  

 
 

Fig. 3.  Validation of TIRI aberration due to tibial stress injury [9] via 

intrasubject registration of 2D TIRI to cortico-periosteal interface in 3D MRI 

volume. 3D MRI model generation and TIRI registration are being performed 

within the AvisoFire and Drishti-2 volume exploration environments at the 

iVEC supercomputing facility.  

 

pathophysiology via registration of thermographic, 

spectroscopic, and normal magnetic resonance sequences to 

multispectral 2D TIRI data, as illustrated in Fig 3. As the 

specific mechanism/s of human emittance are currently 

unknown, the biosignal of interest (Fig. 1, ЄsWs) may best be 

characterized in terms of the spectral power distributions and 

measurement wavebands shown in Fig. 4, showing the two 

relevant measurement wavebands, the interstitial band of 

atmospheric opacity and the spectral power distribution of skin 

within characteristic temperature range. 

 

 
 

Fig. 4.  Spectral power distributions of human tissues as characterized in 

context of TIRI within approximately characteristic pathophysiological 

temperature range (18-40°C). Relevant measurement bandwidths are shown; 

3-5µm MWIR, 5-8µm band of atmospheric opacity, 8-14µm LWIR. 

6147



 

III. AMBIENT CLINICAL ATMOSPHERE 

The ambient clinical image-acquisition atmosphere (Fig. 1ii) 

serves as; an optical medium for interacting TIR signals, a 

source of TIR noise, a dictator of FPA performance, and a set 

of thermophysiological stimuli to the tissue volume. 

 

A. As an Optical Medium 

As aforementioned, the 5-8µm band between the (Figs. 4 and 

5) is almost completely opaque to the IR signal of interest. 

Figure 4 shows 0% transmission within the 5.4-7.6µm band 

due to the absorption of IR by atmospheric H2O molecules 

[10]. The MWIR and LWIR wavebands feature varying 

degrees of absorption due to atmospheric H2O, CO2, and O2, 

but remain significantly transmissive (>80%) for the most part.  

 

 
Fig. 5 Spectral atmospheric transmittance corresponding to ‘τ’ in Fig. 1ii 

above. Red vertical lines showing wavebands corresponding to Fig. 3; a) 3-

5µm MWIR, (b) 5-8µm atmospheric opacity, (c) 8-14µm LWIR. Adapted 

from [10]. 

 

 

B. As a Source of IR Noise 

A comprehensive analysis of the factors dictating the 

emissivity and temperature of the atmosphere is beyond the 

scope of this paper. It should however be noted that 

illumination invariance in the LWIR is not completely ideal, 

and identification of optimal illumination parameters requires 

further investigation [8].  

 

C. As Thermophysiological Stimuli  

Determination of optimal ambient conditions for pre image-

acquisition equilibration or during image acquisition itself has 

received little attention [11-13]. As a general baseline it will 

likely be desirable, at least in context of equilibration, to foster 

thermoneutral conditions within which thermoregulation is 

actuated almost solely by peripheral vasomotion, with 

extremely limited perspiration, no shivering, and minimal 

catabolic thermogenesis. Recent efforts to establish these 

conditions have coupled CFD indoor-environment models 

(Fig.5a), with biocybernetic finite-element human 

thermoregulation models (Fig.5b) to simulate the overall 

thermal interaction between a human body and it’s climate-

controlled host indoor environment [14, 15]. Successive 

iterations of the IESD-Fiala model (Fig.5b) predict the thermal 

response of the body to the current ambient conditions 

provided by ANSYS CFX (Fig.5a). The resultant new skin 

surface properties are then fed back to CFX as inputs, with 

continued bidirectional iterations until a degree of 

convergence is reached, indicating thermoneutral conditions, 

as shown in Table 1. 

 

 

 

 

Fig. 6.  (a) ANSYS CFX CFD model of flow and heat-transfer of air within a 

controlled indoor environment in which a ideal human body (grey manikin) is 

the sole heat source; showing the thermal plume within ambient air in the 

coronal plane correlating to the false-color temperature scale (°C); (b) IESD-

Fiala cybernetic model predicting thermoregulatory reaction of the human 

central to a prescribed indoor environment as manifested at the skins surface; 

mean skin surface temperatures represented by false-color temperature scale 

(°C); thermal plumes of the environmental control system are shown in light 

blue at floor-level inlets and deep orange at ceiling outlets. Adapted with 

permission from [15]. 

 

TABLE I 

THERMONEUTRAL ENVIRONMENTAL CONDITIONS 

Tair, °C Tsr, °C Vair, m/s Rh, % Єwall, actbas, met 

30.0 30.0 0.05 40.0 0.93 0.8 

 

Atmospheric conditions required to facilitate human thermoneutrality 

Tair, ambient air temperature; Tsr, temperature of surrounding surfaces; 

Vair, ambient air velocity; rh, relative humidity; Єw, emissivity of 

surrounding wall surfaces; actbas, coefficient of metabolism due to 

physical exertion. 
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IV. THERMAL INFRARED CAMERA 

Until the precise mechanisms of human TIR emittance have 

been elucidated, evaluation of thermal camera suitability is 

limited to satisfaction of prerequisite spectral sensitivity 

requirements (MWIR or LWIR) and focal plane array (FPA) 

performance as characterised by the noise equivalent 

temperature difference index (NETD) (2). 

 
1)( −= WBLIP NCNETD ητ  (2) 

 

Equation 2: Noise equivalent temperature difference, where; τ = optical 

transmittance, C = thermal contrast, ηBLIP = ratio of photon noise to 

composite FPA noise, Nw = the number of photogenerated carriers integrated 

for one integration time [16]. 

 

bdW QtAN intη=  (3) 

 

Equation 3: Where Nw describes the number of photogenerated carriers 

integrated for one integration time in terms of the photon flux density (Qb) 

incident upon the FPA’s detector area (Ad) integrated during one integration 

time (tint). 

 

In the wavelength regions of interest, the three main third 

generation (current) detector technologies to consider are the 

cryo-cooled HgCdTe and antimonide based type-II 

superlattices, and the uncooled VOx microbolometer arrays, 

with HgCdTe currently offering the highest performance at the 

greatest financial cost [16]. With a view to elucidation of TIR 

biosignal phenomenology, the cheaper uncooled technologies 

may be sufficient for qualitative proofs of concepts, although 

the superior performance currently offered by cooled 

technologies is preferable. 

 

V. CONCLUSION 

Thermal infrared imaging holds potential to be of great benefit 

within several areas of modern clinical medicine as a non-

invasive physiological imaging modality. In order to realize 

this potential, the specific physical mechanisms of TIR 

emittance from human anatomy must be elucidated. Clinical 

TIRI must also undergo a rigorous holistic systems analysis, 

from which objective clinical protocols and contextual best 

practices may be established. This paper articulates the 

fundamental architecture of the clinical TIRI system, 

quantitatively characterizing the salient technological and 

biological factors. The many areas requiring further 

investigation are highlighted, with the state of the art alluded 

to. The authors are currently investigating the specific physical 

phenomenology of human MWIR and LWIR emittance, via 

registration of hyperspectral TIRI’s to various thermographic 

magnetic resonance sequences (Fig. 3), This paper was written 

following the authors’ recent clinical experience at the 

Australian Army Health centre, where they conducted a three 

month clinical investigation into application of TIRI to 

diagnosis and management of osseous stress pathology in the 

limbs of basic trainees under Australian Defence Force Human 

Research protocol 592-10, and Curtin University HREC 

Protocol HR62/2010. 
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