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Target Range Analysis for the LOFTI Triple Field-of-View Camera 
 
Introduction 
 
The following is a brief summary of a target detection analysis, performed to demonstrate the 
flexible range capabilities of the Critical Imaging triple field-of-view LOFTI Camera.   The 
analysis utilizes the NV Therm Version 1.0, Rev. 7, created by the Army Night Vision and 
Electronic Sensors Directorate. An aftermarket atmospheric transmission model is integrated 
with this software to simulate the desired viewing environment.  
 
Method of Analysis 
 
The NV Therm target program was used for this analysis.  This assures that standard, militarily 
accepted analytical methods are used.  The program takes into consideration the scene signal to 
noise ratio (thermal contrast), sampling method, detector response and noise levels, optics and 
observer parameters. 
 
The input Johnson Criterion for the program is the number of cycles per critical dimension at the 
50% confidence level, N50.  Here, the critical dimension of the target is taken to be the diagonal 
(i.e. square root) of its approximate rectangular face area.  Table 1, adapted from Holst1, shows 
the distinction between different tasks related to target interpretation.  The values provided in the 
third column represent the number of critical dimension cycles required by NV Therm at the 
50% confidence level for each task. 
 

Table 1 
Task Description Crit. Dim. N50 

Detection 
The blob has a reasonable 

probability of being an object 
being sought. 

0.75 

Recognition 
Object discerned with sufficient 

clarity that its specific class could 
be differentiated. 

3.0 

Identification 
Object discerned with sufficient 
clarity to specify the type within 

the class. 
6.0 

 
Target Definition 
 
The target that is used for this particular analysis is a waterborne vehicle having approximate 
dimensions of 8, 4, and 2 meters - defining its length, width, and height, respectively.  The 
vehicle is assumed to present its broadest aspect, which is effectively the maximum length of the 
visible surface.  This maximum visible surface length is termed the “critical dimension,”  and 

                                                 
1 G. C. Holst, Holst’s Practical Guide to Electro-Optical Systems, pp.234-238, JCD Publishing, Winter Park, FL 
(2003) 
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comes out to approximately 9.17 meters for the dimensions stated above.  The image in Figure 1 
shows potential targets that an observer may be interested in viewing. 
 

 
Figure 1 – Example targets used in analysis 

 
The critical dimension satisfies the need for a characteristic target size and also provides a likely 
scenario for target distinction.  An extensive number of additional circumstances - such as 
abnormal observation angles and targets obscured by scenery in the foreground - can impact the 
critical dimension.  An approaching target is considered later on in the analysis. 
 
Lens and Field-of-View Options 
 
The LOFTI Camera is a triple field-of-view system, equipped with three separate lenses: 
105mm, 400mm, and 1500mm focal lengths.  The lenses are all serviced by the same focal plane, 
and may be individually selected without manual exchange.  Each lens provides a different field 
of view and has optimal performance at a different target range.  The individual characteristics 
are provided in Table 2.   
 
The 105mm and 400mm lenses are designed to a speed of F/5.0, while the 1500mm lens is 
designed to F/5.3.  Elements are optimized for transmission within the 3-5 mm range of the 
thermal radiation spectrum.  Transmission of thermal radiation through the system varies based 
on the number and types of elements that are employed.  However, for analytical purposes, the 
transmission of each lens is approximately 93-94%. 
 

Table 2 
Focal 

Length 
Horizontal 

Field-of-View 
Transmission Minimum Distance 

105mm 5.0° .93-.94 100 ft 
400mm 1.37° 93-.94 400 ft 
1500mm 0.37° 93-.94 1000 ft 

 
Observation Range 
 
LOFTI is most effective when mounted at an elevation above the viewing plane.  Elevated 
mounting extends the visible range (i.e. horizon distance), effectively increasing the available 
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viewing area and taking full advantage of the flexible range capabilities.  Figure 2 shows a 
coastal surveillance application, in which the LOFTI camera is mounted on high ground, 
providing an enhanced view over the area of interest. 
 

 
Figure 2 – LOFTI coastal surveillance application 

 
The spherical nature of Earth’s surface makes long-range viewing at or near sea level 
impractical.  Since viewing distance is limited to the horizon, the observing equipment must be 
elevated to extend the visible horizon distance.   Figure 3 illustrates the geometric dependence of 
the horizon distance on observation elevation. 
 

Horizon Distance vs. Observation Height
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Figure 3 – Hor izon distance as a function of observation elevation 

 
According to Figure 3, an elevation of approximately 70 meters (230 ft) above sea level is 
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required in order to provide an unobscured view of the horizon at 30 km.  Assuming that the 
target is waterborne and travels above the surface, the object height may increase the potential 
viewing range slightly beyond 30 km.  At the same time, wave action will tend to obscure the 
target, effectively canceling out the object height advantage. 
 
Scene and Atmospheric Parameters 
 
The probability of sensing and interpreting targets over a long range is highly dependant on 
atmospheric transmission.  This analysis used the US Standard Atmosphere (1976) combined 
with Navy Maritime extinction aerosols within the MODTRAN model.  A critical aspect of 
target recognition is the scene signal to noise ratio.  The signal is the target temperature delta as 
an RSS value and the “noise”  is the background clutter, or scene temperature delta.  In highly 
uniform, open environments such as maritime or coastal operations, the scene temperature delta 
is likely to vary over time, but is assumed to be no greater than 4� C over operational hours.  The 
target temperature delta is likely to be greater given that the target has a relatively broad surface 
with the potential for simultaneous heating and cooling.  For this reason, a temperature variation 
of 10� C is assigned to the target. 
 
Analytical Uncertainties 
 
Standard, militarily accepted analytical models (NV Therm/MODTRAN) were used, providing a 
high degree in confidence in the results given the input parameters.  However, several input 
parameters could vary from field conditions during operation.  Specifically, the target contrast 
RSS temperature (assumed to be 10� C) and the background contrast (assumed to be 4� C) play a 
large role in determining the discrimination confidence level.  Mitigating this uncertainty are the 
facts that the analyst can selectively enhance and even colorize the contrast of the target within 
the scene.  He/she can also digitally zoom the image to aid in recognition and can stare at it for 
long periods to improve confidence.  
 
In all analytical cases, the target is assumed to be compliant.  For example, a vehicle traveling in 
the field-of-view is not attempting to evade recognition and is not intentionally obscuring itself 
by scenery in the foreground.  In practice, this will not always be the case, and exact conditions 
surrounding human/operator uncertainty must be taken into account whenever possible. 
 
Analytical Results 
 
The analytical results for detection, recognition, and identification probability of the prescribed 
target are presented graphically in Figure 4 (105mm), Figure 5 (400mm) and Figure 6 
(1500mm).  Probabilities are presented on a 0 to 1 scale where 0 = no likelihood, and 1 = 
certainty.  In this analysis, the 50% confidence level is used as the common metric for range 
comparison and lens performance.  The target range is analyzed up to 30 km, corresponding to a 
mounting elevation of approximately 70m. 
 
Performance results for the 105mm lens (Figure 4) indicate strong detection capability in the 
short-range view (50% detection probability at 11 km).  When combined with its relatively broad 
field-of-view, this detection capability makes the 105mm lens ideal for coarse scanning and 
initial discovery of targets.  For point-of-entry applications – or any surveillance application 
where targets tend to approach the observation position – the field-of-view offered by the 
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105mm lens is complimented by reasonably strong recognition and identification capabilities.  
The 50% probability marks for recognition and identification are located at approximately 2.7 
and 1.4 km, respectively. 
 

105mm Lens Performance Over a 30km Range
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Figure 4 - 105mm Lens Per formance 

 
The 400mm lens performance predictions (Figure 5) show comparably greater detection, 
recognition, and identification probabilities over the 105mm lens.  The reduced angular field-of-
view is a reasonable trade-off when one considers the increase in target distinction.  Detection 
probability is greater than 60% at 30 km, while 50% probability marks for recognition and 
identification are located at 8.8 and 4.6 km, respectively.  The true advantage of the 400mm lens 
is that it combines a substantial long-range field-of-view with very good targeting capabilities.  
This allows for both tracking and characterization of targets over a greater distance. 
 

400mm Lens Performance Over a 30km Range
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Figure 5 - 400mm Lens Per formance 
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The 1500mm lens demonstrates the best long-range performance of the Tri-FOV system (shown 
in Figure 6).  Target detection is near certainty up to 30 km, and most likely continues beyond 
that point.  Recognition capability is also quite substantial across the entire range, remaining 
above 90% probability as far out as 15 km.  The decay of recognition over distance is very 
gradual, with the 50% mark at 24 km and a significant 20% out at 30 km.  Acknowledging that 
the step from recognition to identification is not a small one, the long-range performance of the 
1500mm lens is quite exceptional.  While feasible target identification is achievable to about 20 
km range (17% probability), targets can be identified with 90% certainty as far out as 9+ km. 
 

1500mm Lens Performance Over a 30km Range
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Figure 6 - 1500mm Lens Per formance 

 
Consider, once again, the same waterborne target.  Assume that it is traveling directly toward the 
observation point such that the observer may only obtain a frontal view - as opposed to the 
profile view considered previously.  In such a scenario, the effective visible target size is reduced 
to a critical dimension of approximately 4.47 meters.   
 
Figure 7 shows the 1500mm lens performance when presented with the reduced target aspect.  
The changes in detection, recognition, and identification are consistent with the reduction in 
target size, although the relationship is not linear.  While target detection is no longer a certainty, 
it remains quite high with 90% probability beyond 20 km and approximately 55% probability at 
30 km.  The trends for recognition and identification experience more pronounced changes due 
to the effects of the prescribed target contrast.  The 50% marks for recognition and identification 
are now found at approximately 9.5 and 5.1 km, respectively (24.0 and 14.1 km, previously). 
 
While the effective range of the 1500mm lens is reduced in a comparative sense, the 
performance is still quite good.  A 50% probability of target recognition at 9+ kilometers 
provides substantial time for threat assessment and action.  One must also consider the likelihood 
of a target presenting its smallest frontal area over the entire period of its approach.  Factors such 
as this demonstrate the importance of strategic positioning and observation location.  Angle of 
approach and point of entry should be predicted and taken into account ahead of time in order to 
optimize the observational advantage over the target. 
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1500mm Lens Performance Over a 30km Range
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Figure 7 - 1500mm Lens Per formance for  a Front-Facing Target 

 
Conclusions 
 
Using the assigned levels of 50% discrimination confidence (from Table 1), the best long-range 
performance certainly lies with the 1500mm lens.  However, exact target pinpointing is not 
always the intention.  In many cases, a larger field-of-view may be desired, or possibly a 
combination of target discrimination and field-of-view.  For example, the 1500mm lens may 
provide exceptional recognition of the target at 15 km (approximately 90% confidence), but if 
the goal is simply detection, then the 400mm lens provides nearly 98% detection confidence with 
a field-of-view that is more than 3 times as wide. 
 
While several relevant conditions have been accounted for, many factors play into the selection 
of an appropriate surveillance solution.  The conditions and results presented in this study are 
designed to provide a conservative estimate of the LOFTI camera’s performance.  Atmospheric 
conditions particular to the maritime environment result in diminished long-range transmission - 
a factor that is only compounded by the use of a target contrast that is rather poor.  A visual 
advantage is gained through elevated positioning of the camera.  This provides the opportunity to 
detect, recognize, and identify targets over a greater range.  As demonstrated through the 
analytical results, the triple field-of-view offered by Critical Imaging’s LOFTI Camera provides 
substantial flexibility for meeting a broad range of target and range requirements. 
 


