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Abstract. In this paper, we propose a new SAM (Semantic Associative Memory), called conditional
SAM table, which is constrained by quantitative dynamic behavious of the object as well as by
quantitative relationships between input variables of the aircraft landing control problem. To meet
such constraints, the new semantic parameters of control force denoted by Afsl and Afs2 are
introduced to the conditional SAM table. Thus, quantified semantic curves simulate the dynamical
semantic systems. We show that, in the aircraft landing control problem, the error of HAC with the
new conditional SAM table is much smaller than the error caused by the classic fuzzy controller after
4 control cycles.

Tém tdt. Trong bai bdo nay, ching toi xem xét mot loai bdng SAM méi goi 1a bang SAM c¢6 diéu
kién, dong thoi thda man dong hoc dinh tinh va quan hé dinh tinh giita cdc dau vao cia doi twong
diéu khién . P& thda man céc rang buoc dé, céc tham s6 ngir nghia méi A fsl va Afs2 duwoc dura
vao bang SAM c6 dieu kién. Nhu vay, dwdng cong ngir nghia dinh lwrong 1a dwong cong mo phéng
hé ngir nghia dong hoc . Két qué diéu khién cho thdy ring sau 4 chu ky diéu khién, sai s6 cia bo
diéu khién dua trén dai s6 gia tir véi bang SAM c6 diéu kién nhé hon rat nhiéu so véi sai s6 cia bo
diéu khién mo kinh dién.

1. MO PAU

Nhirng nghién ctru gan day [3, 4, 5] cho thiy cong cu dai s6 gia tir [1,2] ¢6 ¥ nghia rat lon
khi str dung cho céc bai todn diéu khién. Trong céc bai todn dieu khién thudomg hay c6 mot
s6 rang buoc dién hinh nhur:

- Rang buoc gitra cic bién Vao va cac bién Ra dwoc thé hién bang phwong trinh dong hoc
ctia déi tirong dieu khién.

- Rang budc gitra cdc bién Vao.

Nhirng rang budc trén khong diroc thé hién ro trong bang FAM (Fuzzy Associative Memory
) ctia tiép can dieu khién mo. Trong tiép can diéu khién sir dung dai s6 gia tit, viec xay dung
duwong cong nglr nghia dinh lwgng ctua bang SAM (Semantic Associative Memory). O day
bang SAM c6 thé cho phép thdy 6 c6 thod man hay khong céc rang budc néu trén. Néu bd
qua nhturng luat khong thoda man cdc rang budc & trén thi bang SAM sé ¢6 it luat hon, gon
hon, don gidn hon va dic biét 1a hop 1y hon. Nhw vay tir nhitng rang budc trén cé thé xay
dung dugc mot loai bdng SAM méi goi 1a bang SAM c6 diéu kién thod man céc loai rang
budc néu trén. Day sé 1a tinh chit quan trong khang dinh tinh wu viét cia tiép can dai s6
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gia tir trong cdc tmg dung so véi tiép can mo truyén thong.

Bai béo de xudt mot phirong phép dieu khién str dung dai s6 gia tir v&i bang SAM cé
diéu kién. Bang SAM mdi nay cho phép gidi quyét dwoc mot sé rang budc trong bai toan
diéu khién mo truyén thong.

2. PIEU KHIEN DUA VAO VIEC PINH LUONG DPAI SO GIA TU
VOI BANG SAM CO PIEU KIEN

2.1. Thuat toan diéu khién si¥ dung dai s6 gia tir

M6 hinh m¢ dwge bidu dién théng qua bang FAM (Fuzzy Associate Memory). Dai s6
gia tir cho phép biéu dién ngr nghia dinh lrong cac gid tri ngon ngir cia bién ngdn ngir
trong khoang [0,1] va mo hinh m¢ trén c6 thé durgce bieu dién qua bang SAM (Simanticization
Associate Memory). Céc buée ctia phwong phap diéu khién sir dung dai s6 gia tir nhir sau:
Budéc 1: Xay dung céc dai sO gia tir cho cdc bién ngon ngir.

Budc 2: Xac dinh cdc tham s6 (a, 8, 0) cia dnh xa nglr nghia dinh lwgng cho céc gid tri ngon
ngtr cia cdc bién ngodn ngir.

Budéc 3 Xéc dinh céc gid tri ngtr nghia dinh lwong img véi cde tap mo cia tirng bién ngon
ngit, chuyén doi bAng FAM sang bang SAM.

Buéc 4: Xay dung khodng x4c dinh ngtr nghia dinh lrong cua tirng bién ngoén ngir.

Bude 5: Xay dung duwomg cong ngir nghia dinh lwong trén co s& bang SAM.

Budc 6: X4c dinh két qua dieu khién dwa trén duomg cong ngir nghia dinh lrong.

2.2. Diéu khién sitr dung dai s6 gia tir véi bang SAM cé diéu kién

Viéc xay dung duong cong ngit nghia dinh lrong trong bai toan diéu khién doi hdi chuyén
céc tap mo cta bang FAM sang cdc gia tri ngit nghia dinh lwong cia bang SAM . O bang
SAM c6 thé cho phép thdy 1o c6 thod man hay khong mot s6 rang budc dién hinh trong bai
toan diéu khién mo truyén théng. Tir nhirng rang budc trén cé thé xay dung mot loai bang
SAM méi goi 1a bang SAM ¢6 diéu kién cho phép thod man céc loai rang buoc trén, diéu nay
dwroc minh chitng qua viéc ttng dung cho bai toan diéu khién sau:

Bai toan. Xét bai todn dieu khién [6] c6 phwong trinh dong hoc nhw sau:
h(i+1) = h(i) + v(i) (2.1)
v(ii+1)=ov()+ f(4) (2.2)

trong d6, v(i), h(i) 1a céc trang théi tai thoi diém 4, f(i) 1a dai lwgng diéu khién.
Quan hé gitra cdc bién vao v(i) va h(i) ¢6 dang parabol [6] nhw hinh vé.

A
v

h
Hinh 1. Quan hé parabol gitra v va h



PHUONG PHAP BIEU KHIEN DU'A VAO VIEC PINH LUONG 121

Mién gid tri cia céc bién ngon ngir dugc cho bdi cac bang sau.
Bdng 1. Gié tri ngén ngir clia cac bién ngon ngir
h v f
NZ - NearZero | DL - DownLarge | DL - DownLarge
S - Small DS - DownSmall | DS - DownSmall
M - Medium 7 - Zero 7 -Zero

L - Large US - UpSmall US - UpSmall
UL - UpLarge UL - UpLarge

Bang 2. Bang FAM

Do cao h Téc do v
DL DS Z US UL
L Z DS DL DL DL
M US Z DS DL DL
S UL US Z DS DL
NZ UL UL Z DS DS

RO rang trong bang FAM khong thay ro quan hé dinh tinh dang parabol gitra v va h.
Dé thay o hiéu qua cia phwong phép dé xuat, xét bai todn (2.1), (2.2) véi dieu kién ban
dau h(0) = 1000ft; v(0) = —20ft/s, két qua cla hai phwong phap nhw sau:
St dung phwong phép dieu khién mo ddi véi bai toan trén ( theo [6] ) cho két qua nhuw
trinh bay tai Bang 5.
Dé str dung phwong phép dai s6 gia tir cho diéu khién, bo tham s6 dwroc chon chung cho
3 bién h, v va f nhu sau:
C ={0,Small, 0, Large,1}; H~ = {Little} = {h_1};q=1;
Ht ={Very} ={h1}; p=1; 6=10,5; a = = 0,5;
u(Very) =0,5= p(hy); p(Little) = 0,5 = p(h_1).
Nhu vay,
fm(Small) =6 =0, 5;
fm(Large) =1— fm(Small)=1-0,5=0,5.
Céc gid tri ngtr nghia dinh lrong chung cho 3 bién h, v va f
1) v(Small) = 0 — afm(Small) = 0, 25.
2) v(Large) = 6 + afm(Large) = 0, 75.
Xay dung cdc nhan ngtr nghia twong ttrng véi cac tap mo
- Béi v6éi h 0 NZ -Absolute Small, S - Small, M - Medium, L - Absolute Large.

- Béi véi v @ DL- Absolute Small, DS - Small, Z- Medium, US- Large, UL - Absolute
Large.

- béi v4i f : DL- Absolute Small, DS - Small, Z- Medium, US- Large, UL - Absolute
Large.

Béng SAM géc (Bang 3) dwoc xay dung tir BAng FAM (Béng 2). Két qua chuyén doi
ngtr nghia dinh lrong cia cdc bién vao/ra nhw sau:
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Bdng 3. Bang SAM goc

h, § 0.00 0.25 0.50 0.75 1.00
1.00 0.50 0.25 0.00 0.00 0.00
0.5 0.75 0.50 0.25 0.00 0.00
0.25 1.00 0.75 0.50 0.25 0.00
0.00 1.00 1.00 0.50 0.25 0.25

- Quy dao parabol quan hé gitra v va do cao h, ham chira cdc tinh chit sau day:

T1/ 1 gié tri v chi twong tng véi 1 va chi 1 gia tri h.

T2/ Néu v gidm dan (theo gid tri tuyét ddi) thi h cing giam dan.

- Phuong trinh dong hoc (2.1), (2.2) (rang budc gitra cdc bién Vao va bién Ra) ham chira
céc tinh chat sau day:

T3/ 1 gid tri v va 1 gid tri h chi twong ing v4i 1 va chi 1 gid tri f.

T4/ Néu v gidm (theo gid tri tuyét ddi) kéo theo h gidm thi f cing gidm.

T5/ v(0) 1a gid tri 1ém nhat va h(0) la gid tri lén nhat.

v=0;h=0va f =0 twong ing vdi cic gid tri nhd nhat.

Bang FAM khong thé hién dwoc nhitng tinh chat trén day vi sir dung tap mo. Viéc chuyén
bang FAM sang Bang SAM (Béang 3), do tinh twong tmg 1:1 gitra gid tri that cia tap nén
va gid tri nglt nghia dinh lirong, nén cé thé thay ro tinh khong nhat quan gitra céc luat dieu
khién va khong thoa man hai loai rang buoc néu trén.

Nhu vay, Bang SAM gdc khong ddm bao cdc tinh chdt néu trén trong quan hé gitra h, v
va f cu thé nhu sau:

a/ Tir T1 va T2: 1 gid tri vs khong thé twong timg véi 4 gid tri hs (trong d6 chi ¢ 1 gid
tri hs 12 hop Iy).

b/ Tir T3: 1 gia tri ngit nghia fs (vi du fs = 0,5) ¢6 & 3 vi trf khac nhau, khong thé
twong tng véi 3 gid tri nglr nghia vs va hs khac nhau (trong d6 chi ¢6 1 gid tri vs va 1 gid tri
hs 1a hop 1y).

¢/ T T4: v gidm theo gid tri tuyét ddi tir -20 dén 0 nhung f twong tmg véi fs khong
déi cho ca 3 trwong hop (lwu ¥ rang fs = 0,50 chi ding véi trueomg hop v = 0 va h = 0).

Qua nhirng phan tich trén, ro rang rang can phai xay dung mot loai BAng SAM méi trén
co s& Bang SAM goc dé thoa méan dwoc hai loai rang buoc ban dau. Bang SAM nhwr vay
duoc goi 1a Bang SAM c¢6 diéu kién.

Bdng 4. Bang SAM c6 diéu kién

h Vs 0.00 0.25 0.50 0.75 1.00
1.00 0.50+Afs1
0.50 0.50+Afs2
0.25
0.00 0.50

Béng SAM c6 diéu kién (Bang 4) trong bai toin dieu khién chira cdc 6 theo dwong chéo
thé hién cac gid tri ngir nghia cla lirc diéu khién f, ¢6 xu hwéng gidm dan tirong tmg véi su
gidm dan ngr nghia cta h, va ngit nghia cia vy nham thda man céc rang buoc tir T1 dén
T5. Nhirng 6 trong trong Bang 4 thé hién s loai bd cic luat ngir nghia khong ddm bao thod
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man céc tinh chat dinh tinh & trén. Céc dai lwong Afsl, Afs2 duwoc dua vao bang SAM c¢6
dieu kién nham dam bdo tinh chat dinh tinh cia dong hoc hé thong T3, T4, T5. Nhu vay, 6
chira gid tri (0,50 + Afsl) la gid tri ngtr nghia 16n nhat clda fs twong ing véi v 16n nhat
va hs 16m nhat. Tiép dén 6 chira gid tri (0,50 + Afs2) la gid tri ngir nghia cia fs nhd hon
twong ing vGi hs nhd hon va vy nho hon.

Chinh vi vay, cac dai lwong Afsl, Afsl nay dugc goi la cdc tham s6 chinh ngtr nghia
dinh lrong va dwoc chon sao cho di nho véi diéu kién: Afg > Afe > 0.

Vi du cé thé chon cédc tham s6 Afsl = 0,02 va Afs2 =0, 01.

Phan hoach ngir nghia dinh Iirong thda méan tinh chat T5 dwoc thé hién nhw Hinh 4.
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Hinh 4. Phan hoach ngtr nghia dinh lwong
Trén co s& phan hoach ngir nghia dinh lirong, bo diéu khién sir dung dai s6 gia tir thirc
hién cdc phép bién doi sau day:

1. Ngi nghia héa dinh lwong(Semanticization) cdc bién vao va bién ra

hs = h/1000 (2.3)
vs = (v +20)/40 (2.4)
fs = (f +20)/40 (2.5)

2. Anh xa ngw nghta dinh lwong

Puong cong ngir nghia dinh lwong la duwong cong suy luan theo 3 luat véi phép AND =
MIN (thoa man céc tinh chat tir T1 dén T5) dugce xay dung cho bang SAM ¢6 diéu kién trén
Hinh 2.

AN

052 A

0.51 fomommmemee 23

0.5

C 0.25 min(h:vs)
Hinh 3. Duong cong ngir nghia dinh lwgng
3. Gidi ngtt nghia héa dinh lwong (Desemanticization)
f=40f, — 20 (2.6)



124 NGUYEN DUY MINH, VU NHU LAN

Céc két qua diéu khién str dung ly thuyét mer [6] va Iy thuyét dai s6 gia tir véi bang SAM
chuan dwoc tinh toan trén MATLAB va dwoc tong hop trong Bang 5 va Bang 6 sau day.
Bdng 5. Két qud sir dung Iy thuyét mo

Chuki | Docaoh Téc ddv | Tdc dd hacanhtdiwu | Luc didu khién £
1 1000 -20 -20 5.8
2 980.0 -14.2 -19.2 0.5
3 965.8 -14.7 -18.6 -0.4
4 951.1 -15.1 -18.1 0.3

Sai s0 vé trang thai v qua 4 chu ky diéu khién ctia phwong phép diéu khién mo nhu sau:
4

er = (Y (vio(F) — vi(F))?)'/? = 17,15 (2.7)
i=1
er 14 tong sai s6 ve trang thai v clia phwong phap diéu khién mo [6]; vig(F) 1a trang thai v
t6i wu tai chu ki thit 4 trong phwong phép diéu khién mo; v;(F) 1a trang théi v tai chu ky i
trong phwong phép diéu khién mo.

Bdng 6. Két qud stir dung dai so gia tir védi bang SAM c6 diéu kién va phép AND=MIN

Chuky | Pocaok | Toc ddv | Tc d6 ha canh t6i wu | Luc didu khién f
1 1000 -20 -20 0.8
2 980.0 -19.2 -19.21 0.77
3 960.8 -18.43 -18.48 0.74
4 942.4 -17.69 -17.8 0.71

Sai s6 veé trang théi v qua 4 chu ky diéu khién ciia phwong phép diéu khién str dung dai
sO gia tir véi bang SAM c¢6 diéu kién va phép AND=MIN nhu sau:
4

ena= () _(vio(HA) — v;(HA))*)? = 0,13 (2.8)
i=1
er 4 12 tong sai s6 vé trang théi v clia phiwong phap diéu khién str dung dai s6 gia tir; v (H A)
1 trang thai v t6i wu tai chu ki thit ¢ trong phurong phap diéu khién st dung dai s6 gia tit;
v;(HA) la trang thai v tai chu ky i trong phwong phép diéu khién sir dung dai s6 gia tir.

Tir Bang 6 thay rang tiép can dai s6 gia tir véi bdng SAM c¢6 diéu kién ding phép AND
= MIN luén ddm bédo cho v, h va f gidm dan. Trong khi d6 ti€p cdn mo (Bang 5) khong
dam bao dwoc nhwr vay.

Tir Bdng 5 va Bang 6 ta thay rang ep = 7,15 >> eya = 0,13. Nhuw vay sau 4 chu ky
dieu khién, tong sai s6 vé trang thai v ding phwong phap dai s6 gia tir véi bang SAM c6 diéu
kién, nhé hon khodng 50 lan so vé&i tong sai s vé trang théi v cia phwong phép diéu khién
mo [6].

C6 thé thdy rang, dieu khién sir dung dai s6 gia ti véi bang SAM c6 diéu kién chi dung
3 luat nhung du dé dieu khién kha chinh xdc vi 3 luat nay thda man vé mat dinh tinh rang
budc dong hoc sao cho trang thai v gidm dan, trang théi A gidm dan va dieu khién f gidm
dan, dong thoi thda man quan hé theo parabol gitra v va h.

3. KET LUAN

Tiép can dieu khién me [6] sir dung bang FAM da khong thoa man dwroc cic loai rang
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budc da néu. Do vay, khé ¢é thé dieu khién chinh x4c. Trong khi dé phirong phép dieu khién
dung dai so gia tir v&i bang SAM c¢6 diéu kién véi phép AND=MIN ngay tir dau cho phép xay
dung phan hoach ngtr nghia dinh lwong céc dau vao thoa man rang budc gitra cac dau vao
(thda man dinh tinh quy dao parabol gitra v va h). Bang SAM c¢6 diéu kién chi gom nhimg
luat ngtr nghia dinh lrgng thoa man dinh tinh ca 2 loai rang budc trén. Vi vay dudng cong
ngir nghia dinh Iirong lic nay c6 thé xem nhwr dwdomg cong moé phéng dong hoc hé théng mot
céch dinh tinh.

Két qu ctia bai bdo khang dinh tinh wu viét cia tiép can dai s6 gia tir véi bdng SAM c6

NN N S . ~ N ~ A JX)
diéu kién so véi tiép can mo trong van dé diéu khién.
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