








low risk tolerance so that it is not lost on the current mission.
This may allow it to be used on the following mission.
Another fuzzy concept and related fuzzy membership
function that will be defined is “fast.” A UAYV is said to be
fast if it takes a short time to travel a particular path. Let the
7(UAV (i), Path) be the amount of time it will take UAV(i) to

fly and make measurements along Path . The fuzzy member-
ship function for the concept “fast” is defined as follows:

H fast (UA V(i), Path) =
’ max{l (UAV (j) Path)}
J
and
Ayimp = Zlmin(lusr”unsr )_ €1l
18)
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Where &; ,07.€5 3P+ E€3,101 € (0,]] are expert assigned parame-
ters. The Heaviside step function denoted as y in (18) takes
the value one when its argument is greater than or equal to
zero and is zero otherwise.

The term Elrel mjn(]_ﬂrisk—tol’max(] — Hyps €2 0P )) in
the Heaviside step function’s argument in (18) can result in
Aprimp 80ING 10 ze10 If f1,,5 .) O f)p are small enough. If
“Risk tolerance” and “mission priority” take low values then
depending on the value of ¢, ,,,. the membership function for
the fuzzy concept “fast” may take the value zero. The pa-
rameter &, ,,» limits the effect of “mission priority.” Even if
the mission priority is very high, risk tolerance plays an im-
portant role. If the UAV has high risk tolerance and the path,
high mission priority the UAV must have a minimum reliabil-
ity given by &;,,. Finally, the motivation for the concept
“fast” is that a fast UAV experiences a lower relative risk
since it is in the field less time and may be exposed to risk for
a shorter duration.

A fuzzy concept that combines “Value” and “mission
risk” is “VMR” and its membership function denoted as
Mynm 1s defined as

Hogr = mjn(n/lin(/urisk—tol’] —Hy )’AND2 (/ufast’/ULR )) (19)

The use of AND,in (19) allows distinctions to be made
between various values of g, and p;,. If AND, were

replaced by a min in (19) then if 4, is low enough then
min(,u fast M LR) would take the value ¢ 4, independent of the
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value of ;. this would not allow fine distinctions to be

made.
The logical connective AND, is defined as

AND, (gt g )=t 4ot (20)

The fuzzy concept “RMP” combines the fuzzy concepts
st,” “nsr,” and “MP.” The fuzzy membership function for
“RMP,” denoted as iz)p is defined as
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IURMP Emjn(/usr’/unsr’/uMP) (21)

Both the membership functions for “VMR” and “RMP” can be
represented as fuzzy decision trees.

Finally, the fuzzy membership function for the fuzzy con-
cept “assignment of UAV(i) to the path” (AUP) is defined as

Haup =

, (22)
AND, [/URMP AND, (/URMP’/UVMR )] = Hryp  Hyur

The fuzzy membership function for AUP is a decision tree
that combines both “VMR” and “RMP” as subtrees. The use
of AND, in (22) in two places renders  ,;;» more sensitive to
the values of uz)» and 4, than it would be if the member-
ship function for AUP took the value min(tp,p, tinm). If
L 4pp Were to take the value min(itpp, iy, ) then a small
value of g such that fpyp < tyn,m would cause i 4pto
take the value of uj,,» independent of the value of ;% .
The use of AND, instead of min allows finer distinctions to

be made. The second degree dependence of iy, in (22)

results in a small value of £ 4;;pif fip,p is small, but g, is
still dependent on 4y, . This is consistent with expertise. If

the sensor or non-sensor reliabilities or mission priority are
small, ¢ ,;» should be small. Low reliability or priority re-

sults in a faster decline in # ,;;» than high mission risk, high
UAYV value, low UAYV risk tolerance or the fact that a reliable
and risk-tolerant UAV is slow.

The fuzzy concept AUP is depicted as a tree in Fig. 1.
Leaves of the tree, i.¢., those vertices of degree one are labeled
by the names of the fuzzy concepts described above. Vertices
are labeled by the specific logical connective used, i.e., min
or AND,. A circle on an edge indicates the fuzzy logic modi-
fier not. The fuzzy modifier not is defined as the complement
of the fuzzy set, i.e., let y, be the fuzzy membership function
for the fuzzy concept 4 then membership function for nor 4 is
givenby /-, .

Given the fuzzy grade of membership it is necessary to
defuzzify, i.e., make definite UAV-path assignments. Simply












