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Sweeping Areas
In Part I: Detection we established the concept of effective sweep width (usually shortened to just sweep width) by using floor sweeping as an analogy for searching. We then found that sweep width, W, is used in search theory as a standard method for expressing detectability.  In this article, we will first develop a definition for effort.  Combining this definition with sweep width we will define the amount of area effectively swept (called effective search effort in a SAR context).  Next, we will see how to relate the area effectively swept to the actual physical size of the area being swept using a value called effective coverage.  Effective coverage will represent the degree of “thoroughness” with which an area has been swept.  We will then see how effective coverage may be used to determine what fraction of the material present in the area is swept up.  In our floor sweeping analogy, this fraction will be represented as the percentage of dirt (pod) originally present that is swept up, although we are using sand as a substitute for dirt in our experiments.  Finally, we will provide an example showing how these concepts are used to estimate Probability of Detection  (POD).  An underlying assumption in all that follows is that effort is applied as uniformly as possible over the entire test area and is not confined to a single, small, portion.  We also define a broom’s track as the line followed by the center of the broom head and the track spacing in a pattern of parallel sweeps as the distance between adjacent tracks.

Effort
In the floor sweeping experiments described in Part I, we covered a 10 meter square area uniformly with sand at a “density” of 10 grams per square meter.  Then, we pushed each of four different brooms (B1, B2, B3 and B4), across the width of the square, recorded how much sand each swept up and analyzed each broom’s performance profile.  Pushing a broom a distance of 10 meters represents a certain amount of effort.  In fact, effort is defined as the distance traversed within the area of interest.  Effort may be equivalently defined as the amount of time spent in the area of interest times the average speed of the broom.  If multiple brooms are used simultaneously, then the effort will be multiplied accordingly.
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or, equivalently,
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It should be easy to see that the amount of sand swept up depends on the amount of effort expended.  The farther a broom moves the greater the amount of sand we expect to sweep up.  Effort has units of length (e.g., meters).   Note that this is different from the more usual purely time-based definition used in the work place (i.e. labor hours) although the time-based definition is a component of search theory’s effort.

Area Effectively Swept

Just knowing how far a broom moved (i.e. the effort) in an experiment will not tell us how much floor sweeping was effectively done.  However, if we also know the effective sweep width of the broom, then we can compute the amount of area that was effectively swept.  This computation simply requires multiplying the effective sweep width by the effort (i.e., the distance the broom moved).
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Provided no portions of the area are swept more than once, we can quickly compute the amount of sand swept up by multiplying the area effectively swept by the density (in grams per square meter) of sand on the floor.  We will momentarily defer the important issues raised when the broom passes over parts of the floor more than once.

Effective Coverage

Effective coverage (usually shortened to just coverage) is defined as the ratio of the amount of area effectively swept to the actual physical size of the area where the sweeping was done.  
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Thus, if the area effectively swept, computed using Equation [4] above, is one half the actual physical area involved, then the coverage is said to be 0.5.  One can think of coverage as a measure of how “thoroughly” the floor has been swept.  Note that for a given sweep width, the coverage is proportional to the area effectively swept which in turn is proportional to the level of effort.  How much sand is swept up, as we shall see, may also depend on the broom’s performance profile, or it may not, depending on the coverage and/or exactly how the broom is used.  Coverage is the ratio of two areas and therefore has no units.

Parallel Sweeps


Most people given the job of sweeping a square area with a push broom would elect to do so using a pattern of parallel sweeps.  When the sand is uniformly distributed over an open floor’s area, this technique is the most efficient method.  We will now describe a series of experiments using parallel sweeps with each of the brooms to see what we can learn.  But first let us re-state the initial conditions:  We have a square test area measuring 10 meters on a side for a total area of 100 square meters, the sand is distributed uniformly over the area at a “density” of 10 grams per square meter making the total amount of sand in the test area 1000 grams (1 kilogram).

Parallel Sweeps with Broom B1

Recall from Part I that B1 is 100% effective over a width of 50 cm and completely ineffective outside that width.  Suppose we expend an effort of 50 m (or 100 seconds at 0.5 m/s) inside the test area.  To satisfy our assumption of uniformly applying the effort to the degree possible, we divide the area into five strips, each two meters wide.  We then push B1 down the center of each strip, as shown in Figure 8.  (Note that when sweeping the rightmost and leftmost strips, the center of the broom will follow a track one meter from the nearest edge of the test area while the spacing between broom tracks will be two meters.  This is the standard method used in parallel track searches of rectangular areas.)
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Figure 8


The physical area swept and the area effectively swept are both 25 square meters (50 m times 0.5 m), making the coverage 0.25 (25 m2/100 m2).  The amount of sand swept up is 250 grams or 25% of the total in the area.  Hence the fraction of the sand swept up is exactly equal to the coverage in this case.  It is easy to see that if we divide identical “virgin” test areas into more strips and push B1 down the center of each, the equality between the fraction of sand swept up and coverage will continue until we reach a coverage of 1.0.  At that point, we will have divided the area into 20 strips having a width of 0.5 m each. After sweeping each of these strips, broom B1 will have swept up all of the sand (100%).  Any further sweeping, i.e. any coverage greater than 1.0, would be pointless since it would not improve the results.


Before proceeding further, we need to make a few observations.  Even though our first experiment involved five equally spaced parallel broom tracks, we could have achieved the same result using any non-overlapping sweeps as long as a total distance of 50 m is swept.  Provided the broom remains within the test area and the sweeps do not overlap, the spacing between the broom tracks is irrelevant.  The point to remember is that the fraction of sand swept up depends on coverage, not on track spacing.  Also observe that we have the advantages of  (a) an open floor free of obstructions, (b) precise navigation, and (c) the ability to see exactly where we’ve already swept.  Presently we will investigate more realistic situations where we do not have these advantages.

Parallel Sweeps with Broom B2


Recall that broom B2 was uniformly 50% effective across a width of one meter and completely ineffective outside that width.  Pushing B2 down the centers of each of five strips two meters in width produces the effect illustrated in Figure 9.  
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Figure 9


Although B2 passed over 50 square meters of physical floor area, the area effectively swept will still be 25 square meters because the effective sweep width is still 0.5 m and the effort is still 50 m.  Hence, we will again have a coverage of 0.25 and we will again collect 250 grams of sand or 25% of the total in the area.  It is easy to see that if we divide identical “virgin” test areas into more strips and push B2 down the center of each, this equality between the fraction of the sand swept up and the coverage will continue until we have divided the area into ten strips, each one meter wide.  At this point, broom B2 will pass over every point in the test area once but will achieve a coverage of only 0.5.  To reach a coverage of 1.0 using parallel sweeps, we must move B2 a total distance of 200 meters along tracks that are only 50 cm apart, just as we did with B1. Because B2 is twice as wide as B1, it will pass over each part of the test area twice at this coverage.  Since B2 removes 50% of the remaining sand with each pass, it will remove 75% of the sand from the test area at a coverage of 1.0.


We should pause again to make a few observations.  The most striking of these is the difference in performance between brooms B1 and B2 at higher coverages.  While both brooms achieve identical results for coverages at or below 0.5, the performance of B2 at higher coverages falls farther and farther behind that of B1 up to a coverage of 1.0.  At that point, B1’s performance reaches the maximum possible value (100%), and since it can go no higher, broom B2 begins to catch up.  At a coverage of 2.0 using a standard parallel track search pattern, B2 will sweep over the test area four times and will sweep up 93.75% of the sand in the area.  For ease of comparison, the percentage of dirt (pod) swept up by each broom versus coverage will be graphed after we have examined brooms B3 and B4.

Parallel Sweeps with Broom B3


Recall that broom B3 is two meters wide but only 25% effective over that width.  When it is pushed down the centers of five “virgin” two-meter strips, a coverage of 0.25 is again achieved and 25% of the sand present in the area is swept up.  However, B3 has also passed over the entire area of 100 square meters once, as illustrated in Figure 10.
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Figure 10


At a coverage of 0.5 it will pass over the area twice and will sweep up 43.75% of the sand.  At a coverage of 1.0, about 68% of the sand will be swept up.

Parallel Sweeps with Broom B4


Recall the hybrid design and “stair-step” performance profile of broom B4 over its one-meter width.  Figure 11 illustrates sweeping the area with B4 using a coverage of 0.25.  
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Figure 11


Like B1 and B2, the fraction of sand swept up by B4 equals the coverage up to a coverage of 0.5.  However, at higher coverages, broom B4 outperforms B2, but does not do as well as broom B1.  At a coverage of 1.0, broom B4 sweeps up about 80% of the sand in the test area.

Graphing the Experimental Results

Figure 12 graphs each broom’s performance when used to sweep the test area with equally spaced parallel sweeps.  On this graph, the percentage of dirt (pod) swept up is plotted on the vertical axis against coverage on the horizontal axis.
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Figure 12


The significance of the fifth, and lowest, curve is discussed below.

Randomizing Influences


Random variations are a fact of life in our activities and in our environment.  Failure to account for them is frequently the reason mathematically precise solutions that look good on paper do not always work in the real world.  There could be several sources for “randomness” in a real floor sweeping problem.  There might obstructions in the area that prevent the sweepers from moving along straight equally spaced parallel tracks or the sweepers might not choose to use such tracks for some reason even if they were possible.  The density of the sand might not be uniformly distributed over the area but randomly piled up in mounds of higher density in some places and lower density in other places.  This would make it difficult to predict the amount of sand being swept up, particularly at lower coverages or for non-uniform detection profiles like that of broom B4.  Finally, we could be trying to sweep up randomly scurrying ants instead of stationary grains of sand.  Even if a swath was swept clean, some of the ants might run into it after the broom had passed.  Although we cannot predict with certainty the fraction of sand (or ants) that will be swept up in any single floor-sweeping problem having random variations in one or more of its elements, it is possible to determine what the average results of many such sweepings would be.  The graph of that answer is the curve labeled “Random Sweeping” in Figure 12.


Note that the lower, broader and flatter the broom’s performance profile, the closer its performance over the area will be to the “random sweeping” curve, even though perfectly straight, parallel tracks are still being used.  Although not obvious, using any of the brooms in a random fashion, rather than parallel sweeps, or having other significant random influences present, would place their average performances on the “random sweeping” curve.  Therefore, when it is feasible to use straight, equally spaced, parallel tracks uniformly distributed over an area free of significant random variations, this tactic will make more efficient use of the available effort than “random” sweeping. How often such favorable conditions occur in real-world situations is another question.


We now have the answer to the question posed at the end of Part I, but the answer is not a simple one.  When used in a pattern of perfectly parallel, equally spaced tracks to sweep a floor uniformly covered with sand, the four different broom designs perform equivalently at low coverages (less than or equal to 0.25) and very high coverages (greater than 4 where even the curve for B3 surpasses 99%).  However, they do not perform equivalently at intermediate coverages when sweeping areas.  The differences among the brooms in this intermediate, and most useful, range are significant.  Alternatively, when the brooms are used in a somewhat “random” fashion or when significant randomizing influences are present, all four broom designs perform equivalently at all coverages, as shown by the so-called “random sweeping” curve.

Multiple Low-Coverage Sweepings vs. Single High-Coverage Sweepings

One might ask whether there is any advantage to sweeping the floor twice at a coverage of 0.5 as opposed to once at a coverage of 1.0 since both require the same effort. When using broom B2, it should be easy to see that it doesn’t matter whether the floor is swept once at a coverage of 1.0 (track spacing = 0.5 m) or twice at a coverage of 0.5 (track spacing = 1.0 m).  The broom is uniformly effective across its width.  After one pass the sand left behind is uniformly distributed over the swept area.  Whether the area between two adjacent tracks is immediately swept over a second time as the broom moves down the adjacent track, or later as the result of a second complete sweeping of the area, makes no difference.  Either technique will sweep up 75% of the sand.  A similar argument may be applied to B3.  However, let us examine the situations created by brooms B1 and B4.  Unlike B2 and B3, which left the remaining sand uniformly distributed over the test area, broom B1 left half of the test area cleanly swept in the form of 10 “bare” 50 cm corridors separated by 10 untouched corridors also 50 cm wide.  Only by a very precise placement of the second set of sweeps will we get the same results from two sweepings at a coverage of 0.5 that we got with one sweeping at a coverage of 1.0.  Even a small error in the placement of broom B1 will produce a substantial decline in the amount of sand obtained from the second sweeping.  Broom B4 presents a similar problem.


In general, two sweepings of an area at one-half of a given coverage can produce results no better than one sweeping at the given coverage, and the two low-coverage sweepings could easily do worse. Because B1 and B4 are very effective close to their tracks, accurate broom placement, relative to the first set of tracks, is necessary if the results of two sweepings are to match those of expending the same total effort in a single sweeping.  Therefore, the outcome of two low-coverage sweepings is not as predictable as with B2 and B3 since the results of two sweepings are so sensitive to where the second set of tracks is placed with respect to the first set.  However, if the placement of the second set of parallel sweeps is independent, i.e., randomly offset, from the first set, then on average over many sweepings, we will get substantially less sand for two sweepings at a coverage of 0.5 than for one sweeping at a coverage of 1.0.  Situations often arise where close coordination between sweepings is not possible.  For example, when we think of searching instead of sweeping floors, it seems unlikely that two independent parallel track searches of an area using 5-person teams would exactly replicate the tracks of a single 10-person team.

Returning to Searching


Let us restate Equations [2] - [5] in the terminology of searching and search theory.  Effort, z, is defined as the distance traversed by the searcher(s) while operating in the area being searched.  Stated as a formula,
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where L is the distance traveled by the searchers in the searched area.  Note that this is the distance traveled along the searcher’s actual path, not the lengths of the beelines connecting the searcher’s position on one side of the searched area with his position when he reaches the other side.  Equivalently,
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where v is the average speed of the searcher(s) while searching and t is the time spent searching.  The area effectively searched is called the effective search effort (or just search effort for short), Z, and is defined as the product of effective sweep width and effort.  That is, 

[8]


[image: image12.wmf]Z

W

L

W

z

W

v

t

=

´

=

´

=

´

´

,

where W is the effective sweep width.  (Note that effort has units of length while search effort has units of area.)  Finally, coverage, C, is defined as the ratio of the effective search effort to the area being searched.  Expressed as an equation,

[9]
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where A is the physical size of the area being searched. If multiple searchers or several similar resources are used simultaneously in an area, then the effort is multiplied accordingly, causing corresponding increases in search effort and coverage.  (However, simultaneous searching by dissimilar resources, such as searchers on the ground and in an aircraft, should normally be treated as separate, independent searches.)  For the very special case of perfectly straight equally spaced parallel tracks uniformly distributed over a rectangular area, we may take a short cut and compute coverage as the ratio of sweep width to track spacing (S), i.e.,
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POD vs. Coverage


When we try to transfer the findings of the parallel track experiments described above to searching, we find that searching is rarely, in fact almost never, as clean and straightforward a proposition as sweeping floors.  There are always all sorts of random influences on the searching and detection processes that are beyond the searchers’ (or anyone else’s) control.  This is sometimes true even when searching for objects adrift on the open ocean and probably even more frequently true for searches conducted on or over the ground.  For this reason, a search model that accounts for random variations is probably a very good unbiased estimator of actual organized search performance in the field.


The mathematical derivation of the so-called “random search formula” (also called the exponential detection function) is beyond the scope of this article, so we will simply state, without proof, the formula derived by Koopman [1, 2]:

[11]
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In this formula, e is the base of the natural logarithms (( 2.71828) and C is the coverage.  Koopman’s definition of “random” in this context contains the restriction that the effort be uniformly distributed over the area being searched.  In that sense, the searchers’ movements cannot be completely random as they must fill the area to the same degree everywhere, like a liquid fills an open bucket, in order to satisfy Koopman’s restriction.


The exponential detection function has some interesting properties.  Unlike perfect parallel track searching, the shape of the detection profile does not affect the POD computed by Equation [11], and perfectly straight equally spaced parallel tracks are not required.  In other words, all detection profiles perform equally at equal coverages whenever significant random variations in the search parameters are present – as long as the effort is uniformly spread over the area.  The exponential detection function also has the property that splitting a given amount of effort in two and performing two successive searches of an area always produces the same cumulative POD as using all the effort to do a single search of the area.
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Figure 13 shows the graphs of POD vs. Coverage for three detection profiles that often arise in search theory. 
Figure 13


The upper “curve” that is linear from the origin to (1,100%) is the POD graph for a definite range detection profile (like the performance profile of B1 shown in Part I) following perfectly straight equally spaced parallel tracks.  The middle curve is based on Koopman’s [1, 2] mathematical model of how warships underway are detected visually from the air – the so-called inverse cube law whose detection profile was shown near the end of Part I.  This middle curve is the same one that appears in Figure 5-19 on page 5-29 of the U. S. National SAR Manual (1991) [3] for estimating the POD of any single search.  It is based on using Koopman’s inverse cube law of detection along perfectly straight equally spaced parallel tracks.  The lower curve is the graph of the exponential detection function.  As Koopman [1, 2] observed, 

“At one extreme is the definite range law, at the other the case of ran​dom search. All actual 
situations can be regarded as leading to intermediate curves, those lying in the shaded region. The 
inverse cube law is close to a middle case, a circumstance which indicates its frequent empirical use, even in cases where the special assumptions upon which its derivation was based are largely 
rejected.”  


In other words, provided there is no systematic error or bias af​fecting the searches, the average results of any search technique over many searches must fall on or be​tween the upper and lower curves shown in Figure 13.  Under ideal search conditions where sweep widths are relatively large and the parallel tracks are accurately navigated, Coast Guard experiments show the middle curve in Figure 13 predicts POD remarkably well for experimentally determined sweep widths, even those of drifting objects that leave no wake.  However, as search conditions deteriorate, not only do sweep widths decline, the actual detection profiles become much lower and flatter than that of Koopman’s inverse cube law.  As with our broom experiments, this change in the detection profiles drives POD values toward the exponential detection function, even for perfect parallel tracks.  In other words, a coverage 1.0 parallel sweep search for a boat under ideal conditions would have a POD of about 78% while a coverage 1.0 search for the same boat under poor or difficult search conditions would not only require more effort (due to the reduction in sweep width), it would have a POD of only about 63%.

The Case for Exponential Detection


Many would argue that most actual search results fall closest to those predicted by the exponential detection function in Figure 13.  Searching is a difficult, demanding, and sometimes dangerous business.  Under actual operational conditions, no searcher or sensor package can perform with mathematical precision free from random variations, nor can any search pattern be followed with absolute precision, nor is the search environment perfectly uniform.  Even though GPS now makes it possible to come very close to perfect navigation, statistical modeling shows that it takes surprisingly little variation from perfectly straight equally spaced parallel tracks for expected POD values to be close to the exponential detection function.  Furthermore, the smaller the sweep width, i.e. the harder detection becomes, the less variation from a mathematically perfect pattern it takes to make the exponential detection function the most reliable predictor of POD.  Adding other sources of random variability or uncertainty about the search parameters will only reinforce the exponential detection function as the most reliable estimator of POD.

Note:  We are discussing the average performance over many searches and using that information to predict or estimate the results of a single search.  However, the actual POD achieved on any single search can be outside the shaded envelope of Figure 13.  One could get lucky and find the search object very early in the search without expending much effort, creating a (statistically incorrect) temptation to claim a 100% POD for a coverage of less than 1.0.  A more likely situation is one where there is some hidden bias or systematic error in the conduct of a search, such as avoiding difficult patches of terrain, making the actual POD for that search significantly less than the value predicted by the exponential detection curve.  We can never know the actual POD of any search.  We can only know the “found/not found” outcome.  However, search managers and search team leaders need to be aware that actual PODs can be less than those predicted by the exponential detection function.  These individuals need to be alert for and report any problems with the execution of individual searches that might cause such a reduction in POD.

Characteristics of POD vs. Coverage Curves


All POD vs. Coverage curves have some important properties in common.  All begin at the origin (0, 0%) with a slope of 1.0, i.e. the “rise” of the line tangent to the curve at the origin equals the “run.”  All but that of the “perfect” definite range detection profile fall away from this 45( line at some point and approach a POD of 100% more and more gradually as coverage increases.  This property produces a situation of diminishing returns.  For example, suppose five searchers can search an area with a coverage of 0.5 during one sortie.  Using the exponential detection function, this would produce a POD of about 39%.  Adding five more searchers would give a coverage of 1.0 and a POD of about 63% – an increase of about 24%.  Note that doubling the effort did not double the POD.  Adding five more searchers would give a coverage of 1.5 and a POD of about 78% – an increase of only about 15%.  Finally, adding five more searchers (for a total of 20) gives a coverage of 2.0 and a POD of about 86.5% – an increase of less than 9%.  High coverages, and hence high levels of effort, are required to achieve high PODs.  However, the POD per unit of effort expended goes down as the total amount of effort expended increases.  Another lesson is that a very high coverage probably is not the wisest way to apply limited resources unless a very high POD is required after only one search, such as an evidence search where searchers are likely to disturb or destroy evidence not found on the first pass.

An Example


We’ve covered a lot of ground in this article.  It may be helpful at this point to give an example of how to use what we’ve learned so far.  Suppose we are searching for a lost child, age 9, in the woods near his home.  Suppose we assign a three-person search team to a segment of the search area having a size of 0.25 square miles.  Finally, suppose we have previously conducted sweep width experiments in similar terrain for search objects resembling a 9-year-old child, and those experiments produced a sweep width of 106 feet for comparably trained/skilled searchers moving at 0.5 mile per hour.  We expect our search team to move at about 0.5 miles per hour and take about six hours to complete their search of the segment.  What POD should we expect?


From Equation [7], we start by computing the effort, or total distance moved, for one searcher, as
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Since we have three searchers, the total effort is 3 ( 3 or 9 miles for the team as a whole.  We will assume the sweep width determined from earlier experiments is a good estimate for the sweep width in our current situation.  Converting this value from feet to miles so our units of measure are consistent, we get
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Now we may compute the effective search effort, Z, as follows, using Equation [8]:
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We can now compute the coverage using Equation [9]:




[image: image19.wmf]C

Z

A

square

miles

square

miles

=

=

=

0

18

0

25

0

72

.

.

.



Using Figure 13, we enter at the bottom with a coverage of 0.72, go up to the exponential detection curve, and read a POD of about 51% from the vertical axis to the left.  If a scientific calculator is handy and has an exponential function button, we may also compute the POD from Equation [11] as follows:
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The added precision is, of course, completely superfluous.


Although some experienced searchers may not agree, maritime experience has shown that PODs estimated in this fashion are generally more reliable, and definitely more consistent, than direct estimates of POD provided by the searchers themselves.  POD estimates from searchers often tend to be optimistic, i.e., too high.  Based on the results of carefully designed and controlled scientific experiments, maritime search planners have adopted a philosophy of asking searchers to report those things affecting detection which they can actually observe.  This includes such things as meteorological visibility, wind velocity, sea state, and crew fatigue, to name a few, along with any other on-scene observations they think may be important.  (Ground teams would be expected to report things like the type of terrain and amount of ground cover they actually encountered, for example.)  However, searchers are not asked to estimate POD.  The search planner uses their reported observations in combination with tables of experimentally determined sweep width values and correction factors to estimate the actual sweep width, coverage and POD.


It is worth considering how to deal with the situation if our search team in the above example unexpectedly returned in only three hours instead of six.  Let us examine a few of the many possibilities.  First, the searchers could have been moving at the desired search speed, traveling a total of only 4.5 miles instead of 9 miles.  This means they expended only half as much effort as expected.  If the team is sure they “covered” the entire segment, we can recompute the effective search effort and coverage using 4.5 miles of effort instead of 9 miles.  The results will be 0.09 square miles and 0.36 respectively.  Entering Figure 13 with a coverage of 0.36, we get a POD of 30% from the exponential detection function.  Second, the searchers could have “covered” only half of the segment at the desired search speed.  If it is possible to determine which half of the segment was “covered,” we can recompute the coverage by applying the effective search effort of 0.09 square miles to an area of 0.25/2 or 0.125 square miles to get a coverage of 0.72.  Using Figure 13 (exponential detection), we may assign a POD of 51% to the half of the segment that was searched, and a POD of 0% to the half that was not.  A third possibility is that they searched the segment at twice the expected search speed (1.0 mph).  In this case, they would have traveled the expected distance and expended 9 miles of effort.  However, recalling the discussion in paragraph 10 of Part I about the detrimental effects of increased speed on effective sweep width, it is likely that the actual sweep width for the search was less than the 106 feet obtained in experiments where searchers were moving at only 0.5 mph.  If sweep width data or an experimentally verified correction factor is available for the higher speed, then a sweep width value for the higher speed could be estimated and used to recompute effective search effort, coverage and POD.  Otherwise, we will have to estimate the actual sweep width as best we can and use that value to recompute effective search effort, coverage and POD.  A smaller sweep width, of course, will produce a smaller effective search effort, coverage and POD.  Finally, a fourth possibility is that the terrain was not as difficult to traverse or search as we had anticipated.  This could mean the search object should have been more detectable than originally thought, making the sweep width greater than 106 feet.  To find out, we would go back to the table of sweep width values for various environments and find the one for the terrain (and search speed, search object, etc.) that most closely corresponded with what the searchers actually encountered.  Using that new sweep width value, we would then recompute the effective search effort, coverage and POD.  A larger sweep width would, of course, produce a larger effective search effort, coverage and POD.

Looking Ahead


Determining where to send a limited number of resources and how large their assigned areas should be is the ultimate question we are striving to answer.  One requirement for answering this question is having a reliable way to estimate effective sweep widths (detectability) so we can compute the effective search effort each resource can deliver.  A second requirement is the availability of a reliable POD vs. Coverage curve so we have an objective method for estimating how changes in coverage resulting from different allocations of effort will affect PODs. That is, we need to know what PODs we can expect from concentrating our resources in small areas, and what PODs we can expect as we spread our resources out over progressively larger areas.  A third requirement is an estimate of search object’s location probability density distribution over the area.  Part III: Probability Density Distributions will address this issue.  In Part IV: Optimal Effort Allocation we will seek to answer the question of how to make the best use of the available effort.


Food for thought until next time: Suppose the area containing a lost or missing person is divided into 10 
regions.  Suppose two of these regions are each assessed as “very likely” to contain the person and all the others are assessed at varying, but lower, likelihoods.  Finally, suppose one of the top two regions is significantly larger than the other.  Does the assessment of “very likely” mean the top two regions each have about the same probability of containing (POC or POA) the person or does it mean they each have about the same probability density (probability per unit area or POC/A)?  Warning:  The answer could make a significant difference in how the available effort should be allocated when we get to Part IV.  
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