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Abstract

The article presents an approach toward the implementation of an Auto-
nomous Intelligent Actor’s (AIA) [1] fuzzy control mechanism, when each
step of it is based on dynamically defined scale. Such a scale is directed by
fuzzy conditional inference rule. The approach, offered in the article, allows
“soft landing” of AIA on a Target even in a case of “unfriendly” docking situ-
ation.
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1. Introduction

The article introduces a multi-step fuzzy control mechanism as a “tactical” deci-
sion making process for Intelligent Actor (AIA) to approach a Target. For this
purpose, we have proposed to use a set of dynamically defined scales for each
AIA positioning coordinates. Such scales would reflect a “quasi” speed of AIA
movement at each moment of time. For this purpose, we are using “human like
behavior” approach toward an AJA control, namely “the further AJA from a
Target, the faster AIA is moving (the larger steps AZA makes)” and “the closer
AIAto a Target, the slower AZA moves (the smaller A7A4 steps)”.

2. Logical Principles of AIA Orientation
2.1. Preliminary Considerations

Let consider that both Target and Object, a subject of mutual navigation, to be
presented as octagons, depicted on Figure 1 [1]. Also, we use octagons for sim-
plification’s sake only. Given the fact that we are studying a projection-based

model, both targets and objects could be presented as follows [1]:
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Figure 1. [1] Object and target space representation.

T= {t ; } ;j=1,n.Where jis number of heights of a Target, whereas
0= {oi};i =1L,m and 7is number of heights of an Object. Both a target and an

object could be presented in three-dimensional space as follows:

3 eT={x;.,y;,z;};j=l,_n, 0, eO={xl.”,yl.”,zl.”};i=1,_m. (2.1)

On the other hand, from Figure 1 each value of both a Target and an Object

coordinate could be presented as a pair of minimal and maximal (per 3D coor-
dinate) values of them. For targets, in particular

vj €[L,n]| x;;, =min, {x;},x:m = max; {x;.},y:ﬂn = min, {y;},

Vo = MAX {y; } ,min ; {z; } s Zay = MAX {z; }  Zpi =N, {z;} 22
By analogy, for objects we are getting:
vje[ln]|xy, = min {x;},xnolax =max, {xj},yﬁm =min; {y;}, 23
2.3

o _ o . o o _ o o _ - o
ymx—maxj{yj},mmj{zj},zmax—maxj{zj},zmin—mlnj{zj}

2.2. Predicates of Two Entities Mutual Relations

Considering (2.2)-(2.3) we can formulate some logical predicates, which would
describe mutual positioning of two players in the paradigm of a projection-based
model. Let us define predicates as relation symbols, describing a variety of posi-

tions of two entities in a space in a connection to each other.

2.3. Preconditions for Actions and Entity Shape Estimation

Before formulation of a possible actions, which could be performed by certain

entities, and given (2.2) and (2.3) we have to consider for each entity the follow-

ing points in 3-dimentional space T, = {chemr, ycTemr,chemer} for a Target and
_{,0 o o . . .
O, oier = {xcemr, ycemer,zcemr} for an Object correspondingly, These points could
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define some conditional center of a gravity for each of them (median points in

space)
CTenter — x:mx + x;in , Zmer — xgax + xgin (2.4)
2 2
T T 0 0
ymax +ymin ymax +ymin
ycTenter = T > yfentey = T (25)
L o o
Li'nter = M > coenter = Zmax—mm (2'6)
2 2
2.4. Docking Positioning Predicates
We define the following predicates [2] by using (2.4)-(2.6)
1) Object docks in front of a Target (DIF)
DIF(O T) :> xcenter - xcinler & ZZ‘;}’IIE)” = c(fznter & ymax yzlﬂ (2'7)
AX' = xcznter - che:nter (28)
(xcz';nfer/ cem‘er) 100 Ax < O
clX = (2.9)
(xgnter /xcenter) 100 OtherVISe
AV = Vit = Vi (2.10)
o / T
(ym;n Vo ) *100,Ay <0,
clY = (2.11)
( yE / o ) #100, othervise
AZ = ZZ;nter - Zgnter (2 12)
T / o
(Zcemer center ) * 100 AZ < 0
clZ = (2.13)
(ZC(‘Z}’UL’V /Zcenler) 100 OtherVISC
2) Object docks at back of a Target (DAB)
DAB(O T) = xcenter - Center & Zcenter - center & y;in = ynomx (2‘14)
Ax = xcenter - xgnter (2'15)
r / o
(xcénter center ) * 100 Ax < 0
clX = (2.16)
(xcoefme, / Xt ) *100, othervise
AV = Yo = Vi (2.17)
o T
(ymax/ymm)*looﬂAy < 09
clY = (2.18)
( yE / yo ) %100, othervise
AZ = Zcenter - Zgnter (219)
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(ZT?. / u.nte; ) 100 AZ < O

center

clzZ = (2.20)
(zgm / Zoior ) 100, othervise
3) Object docks at left of a Target (DAL)
DAL(O’ T) :> y;nter = yCOEﬂlel” & Z:enter - center & x zax (2'21)
Ax =x- —x% (2.22)
(xzix/xﬁm ) %100, Ax <0,
clX = (2.23)
(x,iin / x& ) *100, othervise
Ay = yczmer - ycoé.mer (224)
r / o
(ycénter ycénter ) * 1009 Ay S 09
clY = (2.25)
( yg,,,e, / yim ) %100, othervise
AZ. = ZLenter - Zcoe:nter (226)
(Zcinter/ Center) 100 AZ < 0
clZ = (2.27)
(Zcoé.mer/zcenter) 100 OtherVISe
4) Object docks at right of a Target (DAR)
DAR(O’T) = ycy;nter = ycoenter & Zjenter - center & xmax - rgm (228)
AX =X — X, (2:29)
(3% /7 | #1002 <0,
clX = (2.30)
(x:;ax / X% ) 100, othervise
Y = Veuser = Veturer (2.31)
r / o
(ycenter ycenter ) * 100’ Ay S 0’
cY = (2.32)
(ycoe:nler /ycgnler ) * 100’ OtherVise
AZ = ZLenter - Zcoé.nter (233)
(ZC’I‘;VU{,’I‘/ center) 100 AZ < 0
clZ = (2.34)
(ZC(‘ZVUL’I” /ZC(:’)ZICY) 100 OtherVISe
5) Object docks on top of a Target (DOT)
DOT(O T) :> xcenter - xcimer & chnler = ycgmer & Z (2'35)
AX = Xy = Xy (2.36)
DOI: 10.4236/jsea.2023.167016 304 Journal of Software Engineering and Applications
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(W /2 )*IOO,AxS 0,

center center

clX = (2.37)
(xgm / xt ) *100, othervise
Ay = yZ;nter - ycoé.nter (238)
(yZ;nter /ycoe:nter ) * 1009 Ay S O’
clY = (2.39)
( ygn,e, / yim ) *100, othervise
Az =z — 2o, (2.40)
(zggn /2% ) %100, Az <0,
clZ = (2.41)
(zgax / z2 ) %100, othervise
6) Object docks under (at bottom) of a Target (DUN)
DUN(O’ T) :> x;nt@r = xc(inter & ycTenter = yCO(’ntEI‘ & Zrim = ZrZax (2'42)
AX = Xy = Xy (2.43)
(x211ter /'xcoe:nter ) * 1009 Ax S 09
clX = (2.44)
(xfé'm / Xt ) *100, othervise
Ay = y(yr;nter - ycoé.nter (245)
(ycTe.f.nter /yc(znter ) * 100’ Ay S 0?
clY = (2.46)
(y?;,ter [V ) %100, othervise
Az = zp, — 2y, (247)
(zgm/zf;fax ) %100, Az <0,
clz = (2.48)

(zo-' /2" )*100, othervise

max min

2.5. Fuzzification of Docking Positioning

We represent c/X from (2.9), (2.16), (2.23), (2.30), (2.37), (2.44), and also /Y
from (2.11), (2.18), (2.25), (2.32), (2.39), (2.46) and c/Z from (2.13), (2.20),
(2.27), (2.34), (2.41), (2.48) as a fuzzy set, forming linguistic variable, described
by a triplet of the form CL={<cli,Ud,CA’Z>},cli eT(u,),Vie[0,CardU,, ],
where T, (u
Table 1, CL isnormal fuzzy set with correspondent membership function
ty:Ug —[0,1].
We will use the following mapping

a:CL—> Uy lu, = Ent[(CardUCL —1)x clnm,m] |Vie[0,CardU,, |, were

CL= jUd to (1), (2.49)

cl

) is extended term set of the linguistic variable “Closeness” from
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Table 1. Linguistic variables for object/target closeness and control steps scale.

Value of variable vi,vje[0,10],
st,eUg,

“Closeness” “Steps_scale” ol eU,
smallest smallest 0
almost smallest almost smallest 1
small small 2
bit higher than small bit higher than small 3
almost average almost average 4
average average 5
bit higher than average bit higher than average 6
pretty large pretty large 7
large large 8
almost largest almost largest 9
largest largest 10

On the other hand, similarly to the previous cases, to determine the estimates
of the membership function in terms of singletons from (2.49) in the form
My, (cll. )/cl,. |Vie [0, CardUCL] we propose the following procedure.

1

ViE[O,CardUCL]a,Uc/ (CZZ)ZI_WCL_I

X |i —Ent[(CardUCL -1)xcl,,, ]| (2.50)

We also represent Ax' from (2.8), (2.15), (2.22), (2.29), (2.36), (2.43) and al-
so Ay from (2.10), (2.17), (2.24), (2.31), (2.38), (2.45) and finally Az from
(2.12), (2.19), (2.26), (2.33), (2.40), (2.47) as a fuzzy set, forming linguistic varia-
ble, described by a triplet of the form

ST:{<stj,UST,§f">},stj €T (u,),Vje[0,CardUg, |, where Tj(“s,) is ex-
tended term set of the linguistic variable “Steps_scale” from Table 1, ST is
normal fuzzy set with correspondent membership function 4, :U,,[0,1].

We will also use the following mapping
Q:ST - Ug lu, = Ent[(CardUST —1)x stj] |Vj €[0,CardUg, |, were

ST = Usr 'ué‘t(ust )/ust' (2.51)

On the other hand, similarly to the previous cases, to determine the estimates
of the membership function in terms of singletons from (2.51) in the form
Hy, (st ; ) /st Ve [0, CardU ST] we propose the following procedure.

1 x |- Ent[(CardU g ~1)xst, | (2.52)

v €[0.CardUs; |, (st,) =1-— ——
ST

To convert (2.49)-(2.52) into fuzzy logic-based statement and terms from Ta-
ble 1 we use a Fuzzy Conditional Inference Rule, formulated by means of

“common sense” as a following conditional clause:
P=“IF (CL is CL), THEN (ST is ST)” (2.53)

In other words, we use fuzzy conditional inference of the following type [3] [4]
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(5] [6]:
Ant 1: If Closeness is CL then Steps_scale is ST
Ant2: Closenessis CL

--------------------------------------------------------------- (2.54)

Cons: Steps_scaleis ST .
Where CL,CL'c U, and ST,ST'cUs;.
Note that statement (2.54) represents “modus-ponens” syllogism. Given that

we use the following type of implication [7]

(1-a)-b,a>b,
A—>B= La<h (2.55)

Now for fuzzy sets (2.49) and (2.51) a binary relationship for the fuzzy condi-

tional proposition for fuzzy logic with implication of type (2.55) is defined as
R(4,(cl), 4,(st))=CLxUy,

(2.56)
- ST X UST = '[UCLXUST (lucl (ucl )/ucl - lu.y/ (usz )/usr )/(ucl’ust)

and since we consider that CardU ., = CardU g, , then expression (2.56) looks like

t () fug = g, () /uy, = {(1 =t (1 )) g ()5 g () > 1 ()

" (2.57)
1’ 1ucl (ucl ) < /ust (ust )

By using (2.54) and given a unary relationship R(4 (cl'))=CL' one can ob-
tain the consequence R(4,(st')) by compositional rule of inference (CRI) to
R(4(cl')) and R(4(cl),4,(st)) of type (2.57):

R(A4,(st"))=CL" o R(A4(cl), 4, (st))
= [ o () o[, () = s (1) (10, ) (2:58)
=0 U, (Lt () 5t ()] > 1, (1))

But for practical purposes we will use another Fuzzy Conditional Rule (FCR)
R(A4(cl), 4, (st))=(CLxUg = ST xUg )N (=CLxUg, > Ugy x=ST)
= Jy o, (e () = g (i ) A (1= 1 (1)) = (1= 1 (1)) fogo1,)

Given (2.57) from (2.59) we are getting

R(4,(cl), 4, (st))

= (bt (1) = s (1)) A (1= 1 (1)) = (1= 12, () (2.60)
(1=t (o)) g (o ) g (1) > ()

=Lty () = 2, ()
(1=t (1)) 1t o )s pty (t) < g (1)

(2.59)

3. Scaling
3.1. Basic Principles of Object Decision Making

As it was mentioned above, “human like behavior” approach toward of an object
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control, namely “the further an Object from a Target, the faster an Object has to
move (the larger step we have to make)” or in terms of linguistic variables from
Table 1 “Closeness” and “Steps_scale”’ we use the following conditional clause:
P="“IF (CLis ‘smallest), THEN (S8Tis ‘largest)” (3.1)
To build a binary relationship matrix of type (2.53) and its basic realiza-
tion (3.1) we use a conditional clause of type (2.60).
To build membership functions for fuzzy sets CL and ST we use (2.50) and
(2.52) respectively.
In (2.50) the membership functions for fuzzy set CL (for instance from Table
1) would look like:
L (“smallest”)=1/0+0.9/1+0.8/2+0.7/3+0.6/4+0.5/5

(3.2)
+0.4/6+0.3/7+0.2/8+0.1/9+0/

Note, that the membership function (2.52) for fuzzy set ST from Table 1 is
Her (“largesl”) =0/0+0.1/1+0.2/2+0.3/3+0.4/4+0.5/5

(3.3)
+0.6/6+0.7/7+0.8/8+0.9/9+1/10

Given (2.60), (3.2) and (3.3) we have R(AI (x),A2 (y)) shown in Table 2.
Suppose that the current value of “Closeness”, represented by a fuzzy set CL’
from (2.49), is defined as

Hey (“large”)=0.1/0+0.3/1+0.4/2+0.5/3+0.6/4+0.7/5
+0.8/6+0.9/7+1/8+0.9/9+0.8/10
After applying CRI from (2.58), given an inference of a type (2.54) we get the
following
R(A4,(s1))=0.8/0+0.9/1+1/2+0.9/3+0.8/4+0.7/5
+0.6/6+0.5/7+0.4/8+0.3/9+0.2/10

Table 2. Binary relationship matrix of a proposed scaling technique.

CL—> ST 0 o1 02 03 04 05 06 07 08 0.9 1

1 0 0 0 0 0 0 0 0 0 0 1
0.9 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 1 0
0.8 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 1 0.08 0
0.7 0 0.03 0.06 0.09 0.12 0.15 0.18 1 0.14 0.07 0
0.6 0 0.04 0.08 0.12 0.16 0.2 1 0.18 0.12 0.06 0
0.5 0 0.05 0.1 0.15 0.2 1 0.2 0.15 0.1 0.05 0
0.4 0 0.06 0.12 0.18 1 0.2 0.16 0.12 0.08 0.04 0
0.3 0 0.07 0.14 1 0.18 0.15 0.12 0.09 0.06 0.03 0
0.2 0 0.08 1 0.14 0.12 0.1 0.08 0.06 0.04 0.02 0
0.1 0 1 0.08 0.07 0.06 0.05 0.04 0.03 0.02 0.01 0

0 1 0 0 0 0 0 0 0 0 0 0
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In other words, we are getting
L (“small”)=0.8/0+0.9/1+1/2+0.9/3+0.8/4+0.7/5
+0.6/6+0.5/7+0.4/8+0.3/9+0.2/10

which means the “closer” an Object to a Target, the “smaller” step is needed.
This basic principle is the foundation for defining the value of a step an Object

must make on each iteration.

3.2. Dynamic Scaling for an Object Steps

In this study we presume that in order to approach a 7Target by an Object the
latter must make multiple iterations. Every iteration characterized by certain
nonlinear scale, which consists of multiple steps. The number of steps is defined
by the value of CardUs,. All steps are strictly correlated with a speed of an Object.
The bigger the step, the higher the speed. The scale for each subsequent iteration
is shorter by length than one of its predecessors. The farther an Object locates
from a Target, the more iterations are needed to fulfil the goal/ (DAL, DAR, ...).
It is important to mention that the number of iterations would never be known
in advance and will be defined by the algorithm, described down below.

Let us define the scale and closeness for each iteration kin X coordinate as the

following

Vk e [0,- . -], scale, = Ax, clos;, = cIX (3.4)

where Ax is defined in (2.8), (2.15), (2.22), (2.29), (2.36), (2.43).
Whereas c/Xis from (2.9), (2.16), (2.23), (2.30), (2.37), (2.44).
Define all j steps for each iteration &

Vj €[0,CardUy, |; step] = scale, /CardUST; scale, = scale, —step]  (3.5)

The procedure (3.5) would be resulted for each iteration & as the following

nonlinear sequence

Vk e [0,- . -], step; = stepf,stepz ,stepf,- . -,stepkc“rdUST (3.6)

For instance, if CardUg, =10 the following nonlinearity is taking place (in %
of the size of an original scale; )

Vk €[0,:+], step; =[10.0;9.0;8.1,7.29;6.56;5.9;5.31;4.78;4.3;3.87;3.49]

Present clos, [clos'

min ?

clos;nax] as a fuzzy set CL' of type (2.49) with cor-

los; —clos; .
respondent membership function (2.50). Where ¢/ = CTO% — CTO%min

norm ~

clos;, —clos,.
Applying CRI from (2.58), given an inference of a type (2.54) and Binary rela-
tionship matrix from Table 2, we get ST’ of form (2.51).
Represent ST’ asasum of singletons

S\T/, _ Cfmil:/sr Hy (usjt)

J
Jj=0 Uy (3.7)
_ 0 0 1 1 CardUyg; CardUyg
_/'lst (ust )/uxt +/ust (ust )/uxt +.”+/'lxt (ust T)/ust !
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Since ST is a triangular normal membership function, we are having the

following
Vje[0,CardUg, ]; 3" | u,, (u{, ) = max{,ux, (u{, )} =1 (3.8)

Reduce the distance between an Object and a Target by value of a current step,

associated with found ;" index.
Ax =Ax — step[ (3.9)
Redefine coordinates of an Object (presume, that a Target is stationary)

X0 o=x% A x% = x0 + Ay G =x0 A (3.10)

max ~ “‘max min ‘min center center
Go to the next £+ 1 iteration if a certain condition is met.
k=k+1|clos; <¢ (3.11)

where ¢ is empirically defined threshold. The same algorithm (3.7)-(3.11) is
applied to Y'and Z coordinates by using correspondent

Vk e[0,-+], scale, = Ay, clos, =clY ,

Vk e[0,-+], scale, = Az, clos, =clZ .

4. Example

Goal Object must dock in front of a Target (DIF)
From (1.8) Ax = x;nter - xgnler

X coordinates (in conditional units) x’  =1525 and x°,. =210
Threshold £=99.9%
Starting from iteration k= 1:
Ax : 1315.0 (c/X: 14.666666666666666%) ==> j_* =1
step found. 50.9457943035
steps: 131.5 | 118.35 | 106.51500000000001 | 95.86350000000002 | 86.27715 |
77.64943500000001 | 69.8844915 | 62.89604235 | 56.606438115 | 50.9457943035

| 45.85121487315

Ax :1215.0821558471555 (c/X: 20.322481583793078%) ==> j‘* =2

step found- 52.305302554831016

steps: 121.50821558471554 | 109.357394026244 | 98.42165462361959 |
88.57948916125763 | 79.72154024513188 | 71.74938622061867 |
61.57444759855682 | 58.117002838701126 | 52.305302554831016 |
47.07477229934791 | 42.367295069413125

Ax :1061.8240406987395 (c/X: 30.175472741066255%) ==> j.* =3

step found. 50.930203771168095

steps: 106.48240406987395 | 95.83416366288655 | 86.2507472965979 |
77.6256725669381 | 69.86310531024431 | 62.87679477921987 |
56.58911530129789 | 50.930203771168095 | 45.83718339405128 |
41.253465054646156 | 37.128118549181536
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Ax : 875.2586056130062 (cLX: 42.60599307455697%) ==> ]* =4

step found- 46.51483086255817

steps: 87.52586056130062 | 78.77327450517056 | 70.8959470546535 |
63.80635234918816 | 57.42571711426935 | 51.68314540284241 |
46.51483086255817 | 41.86334777630235 | 37.67701299867211 |
33.9093116988049 | 30.51838052892441

Ax : 742.9987078726604 (c/X: 51.278773254251774%) ==> ]* =5

step found- 43.87333070117272

steps: 71.29987078726603 | 66.86988370853943 | 60.18289533768549 |
51.164605803916935 | 48.74814522352524 | 43.87333070117272 |
39.48599763105545 | 35.537397867949906 | 31.983658081154914 |
28.78529227303942 | 25.906763045735477

Ax : 582.4465686447027 (cLX: 61.80678238395393%) ==> j_* =6

step found: 38.214319368778945

steps: 58.244656864470265 | 52.420191178023245 | 47.178172060220916 |
42.460354854198826 | 38.214319368778945 | 31.39288743190105 |
30.953598688710947 | 27.85823881983985 | 25.072414937855868 |
22.56517344407028 | 20.308656099663253

Ax : 443.9855325271776 (clX: 70.8861945883818%) ==> j‘* =7

step found- 32.36654532123124

steps: 41.39855325271776 | 39.95869792744598 | 35.96282813470138 |
32.36654532123124 | 29.129890789108124 | 26.216901710197313 |
23.59521153917758 | 21.235690385259822 | 19.11212134673384 |
17.20090921206046 | 15.480818290854412

Ax :301.0897097262314 (cLX: 80.05969116549304%) ==> j‘* =8

step found- 21.63126648782474

steps: 30.408970972623138 | 27.368073875360825 | 21.63126648782474 |
22.168139839042265 | 19.95132585513804 | 17.956193269624237 |
16.160573942661813 | 11.544516548395631 | 13.09006489355607 |
11.781058404200461 | 10.602952563780416

Ax : 142.1809221138974 (cIX: 90.67666084499034%) ==> ;" =9

step found: 12.796282990250765

steps: 11.21809221138974 | 12.796282990250765 | 11.516654691225689 |
10.36498922210312 | 9.328490299892808 | 8.395641269903527 |
7.556077142913175 | 6.800469428621858 | 6.120422485759672 |
5.508380237183705 | 1.957542213465334

Ax :3.2696180283021476 (cLX: 99.78559881781625%) ==> j_* =9
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step found. 0.2942656225471933

steps: 0.32696180283021475 | 0.2942656225471933 | 0.264839060292474 |
0.2383551542632266 | 0.21451963883690395 | 0.19306767495321356 |
0.1737609074578922 | 0.15638481671210297 | 0.14074633504089268 |
0.1266717015368034 | 0.11400453138312305

Ax :1.1586501838824006 (c/X: 99.92402293876181%) ==> j<* =9

step found. 0.10427851654941604

steps: 0.11586501838824007 | 0.10427851654941604 | 0.09385066489447444 |
0.084465598405027 | 0.0760190385645243 | 0.06841713470807187 |
0.061575421237264685 | 0.05541787911353822 | 0.04987609120218439 |
0.044888482081965955 | 0.04039963387376936

Note

The number of iterations needed:

for X coordinate k= 134

for Y coordinate k= 134

for Zcoordinate k= 135

5. Conclusion

In this work, we introduce a multi-step fuzzy control mechanism as a “tactical”
decision making process for Intelligent Actor (AIA) to approach a Target. For
this purpose, we have proposed to use a set of dynamically defined scales for
each AJA positioning coordinate in 3D space. Such scales would reflect a “quasi”
speed of A/A movement at each moment of time. For this purpose, we proposed
“human like behavior” approach toward an A/A control, namely “the further
AIA is from a Target, the faster AIA must move (the larger steps it must make)”
and “the closer AJA to a Target the slower it must move (the smaller its steps)”.
The study shows that in order to approach a 7Target by an AIA the latter must
make multiple iterations. Every iteration characterized by certain nonlinear scale,
which consists of multiple steps. Proposed scale for each subsequent iteration is
shorter by length than one of its predecessors. It was presented that the farther
an AIA locates from a Target, the more iterations are needed to fulfil the goa/
predicates. Presented practical example demonstrates that proposed approach

proves the possibility of AZ4 “soft-landing”.
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