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Abstract. This paper presents the work on the Application of Hedge Algebras ( for the case AND=
MIN ) to aircraft landing control problems. The principle of average rule-point was proposed to
determine quantified semantic curve. The main advantage of this control strategy in compare with
fuzzy control [7] is more simple and exact. Howewer, the approach in this paper should be tested for
more practical systems, and more theoretical problems should be studied. We believe that the basis
idea behind the approach will have a significant influence on practice of controlling complex systems
in future.

Tém tAt. Bai bdo trinh bay qud trinh ng dung PSGT ddi v4i trudong hgp AND=MIN (cho bai
toan ha canh may bay). Mot nguyén 1y luan diém trung binh dwgc dé xuidt nham xac dinh duwong
cong ngit nghia dinh lrgng. Tuy nhién, ti€p can niy cin dwge kiém tra ddi véi nhiéu hé thong thie
t& khac, nhung ¥ nghia clia phwong phap dai s6 gia tir sé c6 dnh hudng 1én dén cdc bai todn diéu
khién phitc tap.

1. MO PAU

Nhitng nghién cttu gan day [4, 5, 6] cho thay ring cong cu dai s6 gia tir c6 mot ¥ nghia lém
khi dwoc st dung cho céc bai todn dieu khién. Viéc xay dung dudomg cong ngir nghia dinh
lirong trong bai todn diéu khién sit dung dai s gia tir khi phép AND=PRODUCT kh4 don
gidn. Khi phép AND = MIN, xuat hién van dé da tri trén dwdong cong ngir nghia dinh Iirong.
bé vuot qua kho khan trén, trong bai bao de xuat nguyén tdic luat-diém trung binh. St dung
nguyén tic ndy, cac tinh toan trd nén don gidn nhw trueomg hop AND= PRODUCT.

2. BAI TOAN PIEU KHIEN MAY BAY HA CANH

2.1. Mo hinh phuwong trinh dong hoc
M hinh dong hoc khi méy bay ha canh dwgc mé ta trong [7] ¢6 dang sau:
h(i+ 1) = h(i) 4+ v(7) (1)

v(i+1) =v(i) + f£(2) (2)
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trong dé :
v(i) 1 t6c do cia may bay tai thoi diém 4,
h(i) 14 dd cao cia may bay tai thoi diém 4,
f(@) 1a e diéu khién tai thoi diém i.

2.2. Phurong phap diéu khién mo

Buoce 1:

X4c dinh ham thudc déi véi cdc bién trang thai duoc tap hop trong bang 1, 2 va hinh 1,

2.
Bdng 1. Nhitng gid tri ham thuoc déi véi do cao may bay
Do cao may bay (ft)
0 100 | 200 | 300 | 400 | 500 | 600 | 700 [ 800 | 900

Large (L) 0 0 0 0 0 0 0.2 04 (0.6 |0.8

Medium (M) 0 0 0 0 0.2 0.4 0.6 0.8 1 0.8

Small (S) 0.4 ]0.6 0.8 1 0.8 0.6 |04 0.2 0 0

Near Zero (NZ)| 1 0.8 0.6 0.4 0.2 0 0 0 0 0

? Near Zero Small Medium Large

! ! | | .
0 100 200 300 400 500 600 700 800 900 1000 A(ft)
Hinh 1. Phan hoach do cao h(ft)
Bdng 2. Nhitng gid tri ham thuoc déi véi toc do may bay
Toc do mdy bay (ft/s)
301251 20 [ <15 | -10 [ -5]1 0 5 10 15 120 [ 25 ] 30

Up Large (UL) 0 0 0 0 0 0110 0 0 0.5 1 1 1
Up Small (US) 0 0 0 0 0 0| O] 05 1 0.5 0 0 0
Zero (Z) 0 0 0 0 0 [05] 1 | 05 0 0 0 0 0
Down Small (DS) | 0 0 0 0.5 1 05| 0O 0 0 0 0 0 0
Down Large (DL)| 1 1 1 0.5 0 0| O 0 0 0 0 0 0
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Down Large Down Small Zero Up Small Up Large
I e "
1.0 : |
|
0.8} | |
|
|
0.6} | |
|
0.4} ; |
|
|
021 i i
|
0 | ; | | | | |

30 25 20 -15 -0 -5 0 5 10 15 20 25 30 v(fils)

Hinh 2. Phan hoach t6c do v(ft/s)

Budc 2: Xac dinh ham thudc déi véi dau ra diéu khién nhir trong bang 3 va hinh 3.

Bdng 3. Nhimng gid tri ham thuoc doi véi Iwe dieu khién

Luec diéu khién_(Ibs)
30 25120 -15]1-10] -5 0 5 1015120 25| 30
Up Large (UL) 0 0 0 0 0 0 0 0 0 ]0.5 1 1 1
Up Small (US) 0 0 0 0 0 0 0 ]05]1 1 ]05 0 0 0
Zero (Z) 0 0 0 0 0(05] 1 1]05] 0 0 0 0 0
Down Small (DS) | 0 0 0|05 11051 0 0 0 0 0 0 0
Down Large (DL) | 1 1 1105 0 0 0 0 0 0 0 0 0
?Down Large Down Small Up Small Up Large
1.OF————— —_—
|
|
0.8} |
|
0.6} i
0.4} i
|
0.2 !
0 ] | | | | .

-30 25 20 -15 -10 -5 0 5 10 15 20 25 30 f(lbs)

Budc 3 Xac dinh cac luat trén co s& kinh nghiém cac phi cong va tong hop trong bang FAM
(Fuzzy Associate Memory). Cac gid tri trong bang FAM Ia céc lyc diéu khién.

Bdng 4. Bang FAM

Do cao i Tdc d6 v
DL DS Z US UL
L Z DS DL DL DL
M US Z DS DL DL
S UL US 4 DS DL
NZ UL UL Z DS DS
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Buéc 4: Xac dinh diéu kién ban dau va tién hanh tinh toan céc chu ky dieu khién. Bit dau
tir do cao h(0) = 1000ft; téc dd ban dau v(0) = —20ft/s.

Chu ky diéu khién 1:

Do cao h(0) kich hoat tap mo L tai 1.0 va M tai 0.5 (Hinh 1). Téc do v(0) chi kich hoat
tap mo DL tai 1.0 (Hinh 2).

Nhu vy t6 hop lai nhan dwoc mé hinh suy ludn trén co s& FAM nhw sau:

Do cao Téc do Luec diéu khién
L(1.0) AND DL(1.0) = Z(min(1.0;1.0))=2(1.0)
M(0.6) AND DL(1.0) = US(min(0.6;1.0))=US(0.6)

Khir m¢ st dung phuong phép trong tam (centroid method) nhan duwge: F(0) = 5.8. Pay
1a gid tri lirc diéu khién dau tién trong chu ky diéu khién dau tién. Cac gid tri méi cia trang
thai do cao, toc do va luc dieu khién trong chu ky tiép theo dwoc tinh nhu sau:

Chu ky diéu khién 2:

h(1) = h(0) + v(0) = 1000 + (—20) = 980t

v(1) =v(0) + f(0) = =20 + 5.8 = —14.2ft/s

Tuwong tu cach tinh todn & trén, do cao h(1) (xem Hinh 1), kich hoat tdp m¢& L tai 0.96
va M tai 0.64 (Hinh 1); t8¢ do v(1) (xem Hinh 2) kich hoat tap mo DS tai 0.58 va DL tai
0.42 (Hinh 2); t6c dd v(1) (xem Hinh 2). M6 hinh suy luan tong hop trén co s& bing FAM
nhu sau :

Do cao Tbc do Luc diéu khién
L(0.96) AND DS(0.58) = DS(0.58)
L(0.96) AND DL(0.42) = Z(0.42)
M(0.64) AND DS(0.58) = Z(0.58)
M(0.64) AND DL(0.42) = US(0.42)

Khir m¢ nhan dwogce f(1) = —0.51bs.
Chu ki diéu khién 3:
h(2) = h(1) + v(1) = 980 + (—14.2) = 965.8ft
v(2) =v(1)+ f(1) = —14.24 (—0.5) = —14.7ft/s

Do cao h(2) kich hoat tap mo L tai 0.93 va tap mo M tai 0.67. Toc do v(2) kich hoat tap
m& DL tai 0.43 va tap mo DS tai 0.57. M6 hinh suy luén trén co s& bang FAM nhw sau:

Do cao Téc @6 Luc diéu khién
L(0.93) AND DL(0.43) = 7(0.43)
L(0.93) AND DS(0.57) = DS(0.57)
M(0.67) AND DL(0.43) = US(0.43)
M(0.67) AND DS(0.57) = Z(0.57)

Khtt m¢ nhan dugce f(2) = —0.41lbs
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Chu ki diéu khién 4:
h(3) = h(2) + v(2) = 965.8 + (—14.7) = 951.1ft

v(3) =v(2) + f(2) = —14.7+ (—04) = —15.1ft/s

Do cao h(3) kich hoat tap m& L tai 0.9 va tap mo M tai 0.7 Tée do v(3) kich hoat tap
m& DS tai 0.49 va tap mo DL tai 0.51 Nhu vay mo hinh suy luan trén co s& bang FAM nhu
sau:

Db cao Tbc d Luyc diéu khién
L(0.9) AND DS(0.49) = DS(0.49)
L(0.9) AND DL(0.51) = Z(0.51)
M(0.7) AND DS(0.49) = Z(0.49)
M(0.7) AND DL(0.51) = Us(.51)

Khir mo tir cdc tap mo DS, Z, Z,US theo phwong phdp trong tam nhan duwgc
f(3) = 0.30bs.

2.3. Phuong phap diéu khién dung dai sé gia tir [4, 5, 6]
Buéc 1: Chon bo tham s6 tinh todn:

C = {0,Small, 8, Large, 1}
H~ = {Little} ={h_1};q=1
HY = {Very} = {h1};p=1;0 = 0.5 = p(h1); (6 = 0.5)
p(Very) = 0.5 = pu(h1); (8 = 0.5)

p(Little) = 0.5 = p(h—_1); (a = 0.5)

N vay: fm(Small) =0 =0.5
fm(Large) =1 — fm(Small) =1—-0.5=0.5

Budc 2: Tinh todn céc gid tri ngtr nghia dinh lwong chung cho 3 bién h,v va f

v(Small) = 0 — afm(Small) = 0.25 (1)

v(VerySmall) =v(Small) + Sign(VerySmall)

l
x > fm(hiSmall) — 0.5 fm(hySmall)} = 0.125 (2)
i=1
v(LittleSmall) =v(Small) + Sign(LittleSmall)
-1
x { > fm(hiSmall) — 0.5fm(h_1Small)} = 0.375. (3)

i=—1
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v(Large) = 0 + afm(Large) = 0.75 (4)

v(VeryLarge) =v(Large) + Sign(VeryLarge)

l
X {Z fm(h;Large) — 0.5fm(h1Large)} = 0.8725. (5)

i=1

v(LittleLarge) =v(Large) + Sign(LittleLarge)
-l
x { Z fm(h;Large) — 0.5fm(h_1Large)} = 0.625. (6)

i=—1
v(VeryVerySmall) =v(VerySmall) + Sign(VeryVerySmall)

l
X {Z fm(h;VerySmall) — 0.5 fm(h1VerySmall)} = 0.0625. (7)
i=1

Xay dung cdc gia tir twong ng véi cac tap mo nhu sau:
bai véi do cao (0 - 1000):

NZ = Very Very Small
S = Small
M = Medium
L = Little Large
béi véi toe do (-30 - 30):
DL = Very Small
DS = Little Small
Z = Medium
Uus = Large
UL = Very Large
Dai véi dieu khién (-30 - 30):
DL = Very Small
DS = Little Small
zZ = Medium
Us = Large
UL = Very Large

Buée 3: Chuyén bang FAM sang bdng SAM (Simanticization Associate Memory) trén co s&
céc két qua tinh todn va cc chuyén doi tai budce 2.
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Bdng 5. Bang SAM

197

7 0.125 0.375 0.5 0.75 0.875
0.625 | 0.5(A1) 0375 (A2) [0.125 (A3) | 0.125 (A4) | 0.125 (A5)
05 |075@1) |os5®2) [0.375B3) |0.125 B4) |0.125 B5)
025 | 0.875(C1)]0.75(C2) [0.5(C3) ]0.375(C4) |0.125 (C5)
0.0625 | 0875 (D1)|0.875 (D2) [0.5(D3) |0.375 (D4) | 0.375 (D5)
Budc 4: Xay dung khodng xdc dinh cac gia tir
-20 -10 0 10 20
v | | | | |
[ [ [ [ |
Vs.' [ L 4 L 4 4 L
0.125 0.375 0.5 0.75 0. 875
100 300 800 1000
he | I I I I
hs: ° ° ° ° °
0.0625 0.25 0.5 0. 625
-20 -10 0 10 20
£ I | I I
Iy . . . . )
0.125 0.375 0.5 0.75 0. 875

Hinh 4. Khoang xé4c dinh cdc gia tir

Budc 5. Xay dung duong cong ngtt nghia dinh lwong véi phép AND = MIN tr én co s&
nguyén 1y luan diém trung binh.

ﬁ A
1.0 |
0.875} ,Dl’m oCl ¢ C2
| | |
| |
0.75| i 4Bl |
|
0.6000 4 ML7083
| 1
0.5¢ $D3 pAl 9C3 B2
0374 $D4D5 | 04375304 BRN
| |
0.25 | i ! !
| | |
0.125 | ! | ¢C5
L ! !
0 [ ] [ ] @
0.0625 0.125 0.25

min(hs,vs)

Hinh 5. Do thi duong cong ngit nghia dinh lirong
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Bdng 6. Toa do cac luat diém trén duong cong ngir nghia dinh lrong

Hoanh d6 : min(h,v,) Tung 46 fs

Al | min(0.625;0.125) =0.125 0.5
A2 |min(0.625;0.375) =0.375 0.375
A3 |min(0.625;0.5) =0.5 0.125
A4 |min(0.625;0.75) =0.625 0.125
A5 | min(0.625;0.875) = 0.625 0.125
Bl [min(0.5;0.125) =0.125 0.75
B2 [min(0.5;0.375) =0.375 0.5
B3 | min(0.5;0.5) =0.5 0.375
B4 | min(0.5;0.75) =0.5 0.125
B5 [min(0.5;0.875) =0.5 0.125
C1 |min(0.25;0.125) =0.125 0.875
C2 | min(0.25;0.375) =0.25 0.75
C3 | min(0.25;0.5) =0.25 0.5
C4 | min(0.25;0.75) =0.25 0.375
C5 | min(0.25;0.875) =0.25 0.125
D1 | min(0.0625;0.125) = 0.0625 0.875
D2 | min(0.0625;0.375) = 0.0625 0.875
D3 | min(0.0625;0.5) =0.0625 0.5
D4 | min(0.0625;0.75) =0.0625 0.375
D5 | min(0.0625;0.875) = 0.0625 0.375

Nguyén tdc lugt-diém trung binh: Néu cac luat-diém c6 cung hoanh do nhung tung do khéc
nhau, thi dwomg cong ngit nghia dinh lrong di qua luat-diém trung binh cé tung do 1a trung
binh céc tung do cia cic luat-diém cting hoanh do. Pudong cong ngit nghia dinh lrong trong
bai toan dieu khién trén hinh 5 1a duwdong cong tuyén tinh tirng khic di qua céc ludt-diem
trung binh.

Budc 6: Trén co s& buéce 3, budce 4, bude 5, cac chu ky diéu khién dwoc tinh todn nhur sau:

h(0) = 1000 = hy(0) = 0.625
v(0) = —20 = v4(0) = 0.125
Chu ky diéu khién 1:
min(hs(0);v5(0)) = 0.125

Vay: £2(0) = 0.5 = £(0) = 0

Chu ky diéu khién 2:

(1) = h(0) 4+ v(0) = 1000 + (—20) = 980 = h,(1) = 0.6125
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v(1) =v(0) + f(0) = (—20) + 0 = —20 = vs(1) = 0.125

min(hs(1);vs(1)) = 0.125
f2(1) = 05 = f(1) =0
Chu ky diéu khién 3:
h(2) = h(1) + v(1) = 980 + (—20) = 960 = hy(2) = 0.6

v(2) = v(1) + f(1) = (=20) + 0 = —20 = v,(2) = 0.125

min(hs(2);v5(2)) = 0.125

fs(2)=05=f(2)=0
Chu ky diéu khién 4:
h(3) = h(2) +v(2) = 960 + (—20) = 940 = h4(3) = 0.585

v(3) = v(2) + £(2) = (—20) + 0 = —20 = v,(3) = 0.125

min(hs(3);vs(3)) = 0.125

fs(3)=05= f(3)=0

3. TONG HOP CAC KET QUA

Céc két qua dieu khién méy bay ha canh str dung ly thuyét mo va Iy thuyét dai s6 gia tir
dwoc tong hop trong bang 7 sau day:
Bdng 7. So sanh phuong phap diéu khién [7] v phrrong phap dai s6 gia tit khi AND=MIN

Chu ky Do cao h Tbc do v Luc diéu khién
Diéu khién| Diéu khién | Diéu khién| Diéu khién | Diéu khién | Diéu khién
md dung BSGT mo dung BSGT mo dung BSGT
1 1000 1000 -20 -20 5.8 0
2 980 980 -14.2 -20 0.5 0
3 965.8 960 -14.7 -20 -0.4 0
4 951.1 940 -15.1 -20 0.3 0

Quy dao t6i ru cho mo6 hinh mdy bay ha cdnh c¢6 dang sau:

v = —(20/(1000)%)h* 3)
Sai s6 vé téc do ha cdnh qua 4 chu ky diéu khién cia 2 phwong phép trén nhw sau:
4
ep =Y (vio(F) — vi(F)))V? =715 @)
4 =l
eramin = 3 (vio(vio(HA) — v;(HAMIN))*)"/? = 3.08 5)
i=1

trong dé:
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er 1a tong sai s6 vé toc do ha canh cia phwong phap diéu khién mo [7].

eramiN 1A tong sai s6 vé toc Ao ha canh cia phwong phap diéu khién str dung dai s6 gia
tir tréng hp AND=MIN.

vio(F) 1a toc do ha cénh t6i wu tai chu ky i véi h(i) cia phwong phép dieu khién mo

vio(HAMIN) 1 t6c do ha cdnh t6i wu tai chu k¥ i v&i k(i) cia phwong phap diéu khién
st dung dai s6 gia tir treong hgop AND=MIN.

vi(F) 1a tdc do ha canh tai chu ky i v6i k(i) cia phwong phap diéu khién mo.

vi(HAMIN) 13 téc dd ha canh tai chu ky i véi k(i) cia phwong phap dieu khién sit dung
dai s6 gia tir treomg hop AND=MIN.

T (4), (5) thziy rf‘ing e > €EHgAMIN -

Nhu vy tong sai s6 ve toc do ha canh dung phwong phap dai s6 gia t& khi AND=MIN
nhé hon nhiéu so véi tong sai s6 vé téc do ha canh cliia phwong phap diéu khién mo [7].

Qua bén chu ky dieu khién thay rang phwong phap dieu khién mé hinh may bay ha canh
duing dai s6 gia tir khi AND=MIN ddm bdo quan hé giira toc dd va do cao cé tinh gan paraboll
(xu hudng t6i wu), t6t hon so véi phwong phép dung 1y thuyét mé trong [7].

4. KET LUAN

M6 hinh diéu khién may bay ha canh 13 mé hinh thé hién ré tinh théng minh cda qua
trinh dieu khién. Phuwrong phéap diéu khién m¢ dang ding trong [7] ddm bdo dwge phan nio
tinh mém déo cia qué trinh diéu khién. Tuy nhién phuwong phap dieu khién st dung dai s
gia tir da chimg t6 ddm bédo t6t hon quan hé ¢6 tinh paraboll (quy dao ha cédnh t8i wu) gitra
toc do ha canh va do cao.
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