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Slant path extinction in a stratified atmosphere
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Introduction ,Cig /

Helicopter FLIR systems are used for detection and observation of ship targets in support of a variety of
coastal naval operations. The coastal environment is complex with large scale conditions strongly -
modified by local variations of topographic and sea surface conditions. The ambient atmosphere is often
stratified with different atmospheric layers characterized by substantially different moisture and signal
propagation conditions. These conditions can
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strongly affect tactical operations. Atidel) . . ‘
" This report describes the detection of a destroyer S g 1. -
- target by a standard helicopter FLIR during 1500 : 3
operational exercises in the Arabian Gulf. The
(observations show the detection range to be
dependent on approach altitude, first increasing , 1000 g A
then decreasing as altitude increases. This P ( Y S
- results suggests that the tactical user may have an 500 : /
optimal altitude for maximum detection range i :
during FLIR operations. The altitude is o é p p . o
. potentially dependent on the characteristics of the Detection Range (n mi)
target, the sensor, and the intervening ’
atmosphere. We have developed a closed form Figure 1. Detection range of destroyer using FLIR

model of detection range in a stratified imager.
atmosphere. This model is used to describe the
sensitivity of FLIR extinction to stratification and extinction charactensucs of the atmosphere.
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Observations

Structured FLIR detection riins were conducted dui'mg the SHAREM 115 exercise in the central Arabian
Gulif on 23 and 24 April, 1996. A UH 60B helicopter was deployed with a standard FLIR imager during
the exercise. FLIR performance was evaluated with a Spruance class destroyer, USS Caron, as a
detection target. The destroyer moved at a steady speed of 5 knots to the northwest. The helicopter
approached the destroyer first from starboard and then from the stern at different altitudes, ranging from
200 to 1500 ft. At each altitude, the helicopter would move away from the ship until the ship could no
longer be seen on the video screen. The helicopter would the approach the ship until the target could be
recognized as a warship. Detection was determined when the yardarms of the ship were distinguishable.
Range was found from the ship radar, which provided ground range, the distance on the surface between
the ship and the spot on the ocean directly under the helicopter. This procedure was eompleted for
altitudes with first a starboard approach, followed by a stern approach.
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The resulting ranges are shown in Figure 1 for the starboard and stern approaches. In general, the
starboard approach had a longer detection range than the stern approach. This is obviously expected since

the perceived cross section of the ship is greaterina b
consistently longer detection range at an altitude of 10
The observation of longer ranges at 1000 ft was substantiat
flight. The reason for this observation was not clear. It was conj

eam approach. Both approaches showed a

00 ft with a significantly reduced range at 1500 ft.
ed by the helicopter pilots in debriefs after each
ectured that this could simply be due to

the geometry of the approach, to the structure of the intervening atmosphere, or to the characteristics of

the target or the sensor. To evaluate these
possibilities a2 model was built which included
these effects.

Extinction Model

The effect of atmospheric stratification on the
extinction was modeled with a simple profile of
atmospheric extinction . The atmosphere is
assumed to consist of two layers; a lower layer of
high extinction, and an upper layer of less
extinction. This corresponds to the mixed layer
models (Deardorff 1976, Roll, 1965, Hsu, 1988).
The vertical behaviour is described using a
parametrization of Moore(1991), originally
applied to horizontal variation of sea surface
temperature, but found to be reasonably useful
for this application. This parametrization has
the advantage of not only describing the vertical
profile reasonably well, but also of being
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Figure 2. Extinction coefficient model for different
parameter values.

integrable. The vertical profile of the extinction coefficient , k(z), is ,
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where k., Kaog are the surface and aloft volume extinction coefficients respectively, z is altitude, z; is the
altitude of center of the transition, and z is the depth of the transition zone. An example of the
dependence of the volume extinction coefficient for different parameter values is shown in Figure 2.

The total extinction over a slant path S, from the surface to a givexi altitude Z is

~0'=j‘k(z)ds

- —L—Z[k(z)dz,
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where p is the depression angle from the horizontal at the sensor. For a given altitude and depression
angle, the total optical extinction can be evaluated in closed form as, ’
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The detection range is defined for our purposes as that range where the total optical depth exceeds a given
threshold. A common criterion is the 5% contrast threshold (Lloyd, 1975), where the detection range is
defined as the separation where total loss of signal is 5%, or,

R= 3912 . : : @

Using the range model defined by equations (1)
Altitude(m) and (2), the calculated optical depth for a given

— T range, R, is obtained as a function of altitude for
- i ] different horizontal ranges between targetand -
A : detector. For a detector directly overhead (R=0),
oo : g the extinction increases most rapidly in the
o : { ] lower layer, and then decreases more slowly in
; ‘-.\ the upper layer. At any value of range, the
200 ! \ 1 extinction increases as a function of altitude in
) : '\' IR the lower layer, but then decreases in the lowest
RN part of the upper layer. This occurs because a
1000 RS 1 part of the slant path in the lower layer is
s —Range=0m : ] replaced by part of the path being in the upper
; -%2}%;’1‘ ‘layer, decreasing the total extinction. The
o o5 p e ) altitude dependence of the optical depth is
Oxtical Depth shown for several values of ground range in
Figure 3.

- Figure 3. Optical depth as function of range for

The detection range also depends on the cross
several surface range values.

sectional area of the target presented to the
detector. For a target of significant width, the
presented area thus increases with altitude to a maximum, and then decreases. In this model, the optical
depth required for detection is scaled by the ratio of presented area at a particular depression angle to the
presented area at the surface. For a target of width W, length L, and height H, the effective cross section
at a depression angle 0 is given by

Hcos@+ Wsiné
0 H .
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Sensitivity

The model of equations (3) and (4) is used to describe the sensitivity of the detection range to the details
of atmospheric structure and to the characteristics of the sensor. The most general characteristic of the
detection range behaviour with altitude is that as altitude increases, range increases because of the
increased presented area. As the altitude increases farther, the range starts to decrease because of the
increase in total optical depth from the increased altitude. This general behaviour is modified by the
stratification, the difference between surface and aloft extinction, and the sensitivity of the detector.
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The dependence on kind of stratification is seen
from the change in z, the depth of the transition
zone. The gradual stratification is accompanied
by a more abrupt increase in range at the
transition zone. The range also exhibits a
maximum with height, but the abrupt
stratification exhibits a slightly longer detection
range. This is due to the shorter path in the
high extinction zone for the abrupt stratification
by comparison to the smoother profile. The
dependence on stratification is shown in Figure
4.

The dependence on surface extinction is shown
in Figure 5. With higher surface extinction, the
detection range shows a pronounced maximum
in the range. With a lower extinction, the
profile is more diffuse, without a clear
maximum in range with altitude.

The dependence on receiver sensitivity can be
shown by varying the optical depth necessary for
detection. Figure 6 shows the changes as this
optical depth is changed by 30%. The less
sensitive receiver has a more pronounced
maximum in range with altitude. The more
sensitive receiver has less altitude dependence,
with a range of altitudes where the range is not
changing significantly.

Conclusions

The optimal choice of altitude for using a FLIR
sensor depends on the environment, as well as
operational and equipment conditions. The
geometry of the detection, determined by the
size of target, separation of target and sensor,
and the sensitivity of the sensor are generally
modified by the specifics of the intervening
atmosphere. Operational observations and
theoretical modeling indicate that atmospheric
stratification, strength of extinction, and the
sensitivity of the sensor modify the optimal
altitude for best system performance. The model
shows that the stratification of the atmosphere
modifies the optimal altitude by increasing the
best altitude, but resulting in a longer altitude
range than an unstratified profile. The relative
volume extinction at the surface and aloft affect
the shape of the detection range profile. With a
higher surface extinction, the optimal detection
range is restricted to a smaller range of altitudes
by comparison to the lower surface extinction.
Sensor sensitivity exhibits similar results, in that
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Figure 4. Vertical detection range profile for slight
and strong stratification. Range scale is in non-
dimensional units.
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Figure S. Detection range dependence on surface
extinction (expressed as range).
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Figure 6. Detection range profiles for different
receiver sensitivities.

4 Y




’ l—-' l____l L1 | — | t... 1 . L .2

the more sensitive system, has a less well defined optimal altitude than the less sensitive system.
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