v Improving the Quality of Supervised Finite-State Machine
Construction Using Real-Valued Variables
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. S x E — S — transition function
o S x E — A — output function

Problem:

ACO-based algorithm
FSMs with undefined output functions are individuals
Output actions are derived so that the fitness function iIs maximized
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Finite-State Machine: e,/ ay T Methodology:
TFSM = (S, so, E, A, U, ) [ . . . . N
ST finite set of states Examine ESMs in
s, initial state Record tests Learn FSMs simulation
TE, AT event and action sets N y N b N /
1’
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Y Real-valued Iinputs and outputs Fitness function:
{ Tests (N = 20-30) are the examples of proper control
f Construct an FSM with behavior close to the tests 1 N 1 N ,
1 Aircraft model is used as a controlled object f=1—,| = Z p?(ans[i], out[i])—K-, | — Z (max(7; — |S| +1,0))
N - N
| Tests can be written manually in a flight simulator \ = \ i=1
| Test example:
len][/] C
Val Descripti t=1 |..| t=10 |..| t=235 . . 1 ans|/, t|; —out|/. t
dalues escription 0 (aﬂS[IL {)Ut[:’]) _ Z Z [ mji mn[1 ]J
in[i, t], Pitch angle (°) 3.078 |..| 3.544 |..| 4.112 \ len[ | C — ¢
in[i, t] Al d (knot 251.42 | ... | 252.29 |..| 253.20
m"’_ 2 I_rSpee ( no l 1 C — number of outputs
out[/, t], | Aileron position 0.000 |..| 0.032 |..| 0.073 M ans[i] — FSM’s output for the i-th test
out[/, t], | Elevator position | -0.035 | ... | -0.039 |...| -0.037 Y zi— number of state changes on the i-th test
/
a = A g - :
FSM Representation Experiments & Results
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ﬁsg;;iﬂ :ciglceﬂso];or ------------ > p. grgtﬂﬁggfdates 1 Quad-core Intel Core i7-2670QM processor
, 1 3 test sets, number |S| of states: 3..5
-0 T Method execution time: about 10 minutes
2 f Comparison with the previous representation
| Fitness values:

” |S| | FSM Representation | Loop | Barrel roll | Turn
; Proposed 0.9856 | 0.9854 | 0.9892
NP1 Pa| P3| V| Vo | Va| | P1|P2| P3| Vi|Va| Va| |P1|P2|Ps| V1| Va| Valw Previous 0.9612 0.9832 0.9894
Colv x| x|w|x|vw]| [x|v][x|v|v|x]| [x|x|v|x|v]|wv . Proposed 0.9866 | 0.9863 | 0.9898
Predicates (Boolean  Boolean masks define Real-valued variables / Previous 0.9836 0.9856 0.9901
“transformations of which predicates and  (arbitrary transformations 5 Proposed 0.9873 | 0.9868 | 0.9901
inputs) are used as variables are important of inputs) are used for Previous 0.9842 0.9858 0.9902

transition conditions  for different states output generation

Roll/pitch errors (°) in simulation:
More complex example (one state): T Roll/pitch errors (°) in simulatio

— — S| | FSM Representation Loop Barrel roll Turn
Predicate significance mask Transition table (from the current state)
P P2 Ps3 P4 Dy A 03 D; A Ps P A 05 P A 3 3 Proposed 171/1721 1652/320 480/195
v X v X 2 4 1 1 Previous 6.37/20.54 | 18.56/4.44 | 50.29/7.58
Variable significance mask for output 1 Variable significance mask for output 2 4 Pr0posed 2'41/23'04 15'35/2'51 4'10/1'42
Vi 1 Vi o Vi3 Vi 4 Vo 4 Vo o Vo 3 Vo 4 Vo 5 Pre\”OUS 632/2211 2186/408 5704/679
’ X ’ ’ X X X v ; Proposed 3.21/25.27 | 14.74/2.43 | 4.07/1.36
Output action 1 Output action 2 Previous 9.54/24.44 22.99/4.68 | 45.83/7.83
Is, 1, 1 Is, 2, 1 Is 3,1 Is, 4, 1 A, Is, 2,2 Is 3,2 Is, 4,2 5, S
0 1.2 0 0.3 . 0 0 0 . v’ Quality is improved
Aup=1.2 vy » + 0.3 vy 4 A, =3.7 V3,1~ 0.3 Va5 v’ Now it is possible to construct FSMs performing the turn
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