TNU Journal of Science and Technology 227(08): 551 - 557

AIRCRAFT LANDING CONTROL USE FUZZY LOGIC CONTROLLER
AND HEDGE ALGEBRA CONTROLLER

Pham Hong Viet!, Bui Hai Le?, Nguyen Tien Duy®”

ITNU - University of Information and Communication Technology

2School of Mechanical Engineering - Hanoi University of Science and Technology
3TNU - University of Technology

ARTICLE INFO ABSTRACT

Received: 15/5/2022 Controlling flying objects is a complex problem and has attracted
much attention from scientists in recent decades. Controlling an

Revised: 31/5/2022 aircraft to land is one of that classes of problems. In this study, the

Published: 31/5/2022 controlled object is a simplified aircraft model. The difficulty in
control is ensuring the relationship between the control force, altitude,

KEYWORDS and speed of the aircraft. Landing control for this aircraft model is
performed by designing controllers based on fuzzy theory and hedge

Fuzzy control algebras theory with the same control rule base and parameters. The
Hedge algebras computational simulation results show that the superior efficiency in

altitude reduction, landing speed reduction, maximum control force
. and computation time (CPU time) of the hedge algebras-based
Landing controller compared with that of the fuzzy theory-based controller.
CPU time Therefore, it can be seen that the hedge algebras-based controller has
the potential to be applied in this field as well as in motion control of
other mechanical models.
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Ngay nhan bai: 15/5/2022 Diéu khién cac vat thé bay la bai toan kho va dugc nh‘iéu nha khoa
hoc quan tdm trong nhiing thap ky gan day. Bai toan diéu khién may

Ngay hoan thi¢n: 31/5/2022 bay ha canh 1a mot trong I6p bai toan d6. Trong nghién ctru nay, ddi

Ngay ding: 31/5/2022 turong duoc didu khién 12 mot mo hinh may bay da don gian hoé. Sy

kho khan trong diéu khién do 1a dam bao mdi quan hé rang budc gitra

TU KHOA luc diéu khién, d§ cao va van toc cia may bay. Diéu khien ha canh

- - cho md hinh dugc thuc hién bang thict ke cac bo dieu khien dya trén

bicu khien mo ly thuyet mo va dai sb gia tir voi hé luat va cac tham sé diéu khién

Pai sb gia tu glong nhau. Céc két qua tinh toan, md phong cho thay hiéu qua vuot

. . troi vé giam do cao, giam van téc ha canh, lrc didu khién cuc dai va

ma}(;??;:a canh thoi gian tinh todn (CPU time) cua bo diéu khién dua trén dai sb gia
a do

tr so véi bo diéu khién dya trén ly thuyét mo. Nhu vay, ¢ thé thay
Thoi gian tinh toan rang bo diéu khién dua trén dai s6 gia tir ¢6 nhiéu tiém ning dé ung
dung trong 16p bai toan nay ciing nhu trong diéu khién chuyén dong
cua cac md hinh co hoc khéac.
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1. Giéi thiéu

Gan day, bai toan diéu khién vét bay thu hit duoc sy quan tdm déng ké cua cac nha khoa hoc.
Trong do, ly thuyet t4p Mo dong vai tro quan trong trong linh vuc nay. Trong [1], b6 diéu khién
mo da duoc thiét ké dé diéu khién may bay ha canh ¢ giai doan tiép dat. Bo diéu khién dua trén
logic mo duoc phét trién trong [2] dé diéu khién ha canh ty dong ciia cac mo hinh méy bay tuyén
tinh va phi tuyén. Mang noron m¢ nhiéu 16p dugc sir dung dé tao tin hiéu diéu khién ¢ tung giai
doan trong qua trinh may bay ha canh dwgc nghién ctu trong [3]. Hé thdng suy luan mo noron
thich nghi duoc str dung dé md phong theo ddi quy dao trong kiém soat qua trinh ha canh méy
bay duoc trinh bay trong [4]. Bai toan diéu khién thé bay cua dong co tén lira sir dung bo diéu
khién PID mo lai duoc khao sat trong [5].

Ly thuyét Dai sb gia tir (Hedge algebras - HA) ra doi tir ndm 1990, cho phép mé ta cac gia tri
ngdn ngit cua cac bién bang cac do do tinh md dinh lwong (cac sé thuc) dua trén cac lap luan
toan hoc chit chg, dua trén thir tu ngir nghia von c6 cia cac gia tri ngén ngix [6], [7]. Vi vay, HA
da duogc ung dung trong nhiéu linh vuc khac nhau va cho céac két qua dang khich 18. Trong linh
vuce diéu khién cac mé hinh co hoc, cac bd diéu khién dua trén HA da thé hién nhiéu vu diém so
Vi cac b didu khién dua trén ly thuyét tip mo nhu thiét 1ap don gian hon, d& tdi wu hon, hiéu
qua diéu khién cao hon va dic biét 1a thoi gian tinh toan nhanh hon rat nhiéu [8]-[15].

Trong nghién cau nay, viéc didu khién ha canh cia mot mé hinh may bay duoc don gian hoa
trong [16] dugc thuc hién sir dung céc bo diéu khién dua trén ly thuyét mo (Fuzzy controller, FC)
va dai sd gia tir (Hedge-algebras-based controller, HAC).

2. M6 hinh diéu khién
Xét mé hinh may bay ha canh dugc don gian hoa nhu trén Hinh 1 [16].

=

Van tdc thiang dimg (v)
Do cao (h)

Hinh 1. Mé hinh may bay ha canh

Bai toan diéu khién va ha do cao caa md hinh may trén s& dugc mé phong trong nhiing phan
tiép theo cua bao co. Van téc ha canh mong mudn s& ti 1& véi binh phwong chiéu cao. Do d6, & do
cao I6n hon s& can van toc ha canh lon hon. Khi chiéu cao ciia may bay giam dan, van toc ha canh
cling can giam dan dén 0. Bing cach nay, may bay s& ha d cao kip thoi nhung s€ cham dat mot
cach nhe nhang dé tranh nhitng su cd.

Hai bién trang thai cho md phong la chiéu cao cua may bay so véi mat dat (h (ft — feet)) va
van toc theo phuong thiang dung cua may bay (v (ft/s — feet per second)). Bién diéu khién
dau ra 1a mot lyc ma khi tac dung vao may bay, s& lam thay dbi d6 cao h va van téc v cua may
bay. Hé phuong trinh diéu khién vi phan duoc thiét 1ap mot cach don gian hoa nhu sau: Mot khdi
luong m chuyén dong véi mot van téc v s& co dong luong mv. Néu khdng c6 ngoai luc tac dong,
khéi lugng sé& tiép tuc di chuyén véi ciing hudng va ciing van téc v. Néu c6 ngoai luc f (Ib —
Pound) tac dong trong mot khoang thoi gian At s& gay ra thay di van toc va thay ddi do cao:

_f
Av = EAt (1)
Ah = vAt
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Nhu vay, thay d6i van téc ti 1¢ véi ngoai luc tac dung. Sau mdi khoang thoi gian At, ta c6 chu
Ky van tbc méi v, va do cao méi h;,, nhu sau:
{viﬂ =v; +Av @)
hi+1 = hi + Ah
Tu (1) va (2), taco:

{vi+1 =7; + %At (3)
hit1 = h; + VAt

Trong do, hi4q va h;,1 1a van téc va chiéu cao méi & vong lap thir i + 1, v; va h; 1a van toc va
chiéu cao cii & vong lap thtr i. Nhu vay, hé phuong trinh (3) cho phép xdc dinh cac gia tri méi cua
cac bién trang thai v va h theo dau vao didu khién va cac gia tri caa bién trang thai trude do.

3. Thiét ké cac bp diéu khién
3.1. Bj diéu khién dwea trén Iy thuyét tip mer
Trong muc nay, bo diéu khién duya trén ly thuyét tap mo (FC) trong [16] dé diéu khién ha canh

cho mé hinh may bay trén Hinh 1 dugc trinh bay. Phan hoach ciia cac bién trang thai va bién diéu

khién lan lugt dugc thé hién trén cac Hinh 2-4.
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Hinh 3. Phan hogch vdn toc v (ft/s)
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Hinh 4. Phan hoach liee diéu khién f (1b)
Hé luat diéu khién mo duoc thé hién trén Bang 1, trong d6 cac gia tri ngdn ngit lan luot dugc
Ky hiéu nhu sau: Near zero — NZ, Small — S, Medium — M, Largg - L, Pown large — DL, Down
small — DS, Zero — Z, Up small — US, Up large — UL. B¢ dieu khien FC st dung suy luan
Mamdani, phép AND = Min va phuong phap giai mo trong tam [16].
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Bang 1. Hé ludr dieu khién cia FC

Vén toc v
Chiéu cao h 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

3.2. B¢ diéu khién dua trén dai sé gia tir

Céc dinh nghia, dinh ly va céc cdng thirc co ban cua ly thuyét Dai sb gia tir dugc trinh bay
trong [7], [17] cho phép xac dinh tit ca 4nh Xa ngir nghia dinh luong (Semantically Quantifying
Mapping - SQM) c6 thé cd cua c4c gia tri ngdn ngit cua mot bién ngdn ngir X (Bang 2). Trong do,
cac tir nguyén thuy gom: Lén va Nho (duoc ky hiéu 1a L va N); cac gia tir gom: Rat va Hoi (dwoc
ky hiéu la R va H) fm(c”) va u(h") lan luot 1a @6 do tinh mo cua cac tir nguyén thay am va céc gia
tr &m; W 1a phan tir trung hoa; véi cac mo hinh hoé cac gia tri ngdn ngit mot cach déi xang thi
fm(c?) = u(h?) =0,5.

Bang 2. Gia tri SQM cua mét sé gia tri ngdn ngi

Gia tri ngbn ngir RN N HN W HL L RL

Gia tri SQM 0,125 0,25 0,375 0,5 0,625 0,75 0,875

Sir dung hé luat diéu khién dinh tinh cia FC nhu trén Bang 1, cac nhan/gia tri ngdn ngit cua
céc bién trang thai va bién diéu khién can dugc chuyén dbi sang cac gié tri ngdn ngix véi cac anh
Xa ngir nghia dinh lugng nhu sau:

- Vi chiéu cao h:

NZ — N (0,25); S — HN (0,375);
, M —HL (0,625); L > L (0,75)
- Vi van toc v va luc diéu khién f:
DL —> N (0,25); DS — HN (0,375);
Z W (0,5): )
US> HL (0,625); UL - L (0,75)
Nhu vay, hé luat diéu khién caa HAC sé dugc thé hién trén Bang 3.
Bang 3. Hé lugt cua HAC

(4)

Vdn toc v
Chiéu cao h N (0,25) HN (0,375) W (0,5) HL (0,625) L (0,75)
L (0,75) W (0,5) HN (0,375) N (0,25) N (0,25) N (0,25)
HL (0,625) HL (0,625) W (0,5) HN (0,375) N (0,25) N (0,25)
HN (0,375) L (0,75) HL (0,625) W (0,5) HN (0,375) N (0,25)
N (0,25) L (0,75) L (0,75) W (0,5) HN (0,375) HN (0,375)

Céc gia tri SQM cuia cac bién cho phép biéu dién hé luat didu khién cia HAC dudi dang mat
nhu trén Hinh 5. Pay c6 thé coi 1a budc suy luan cia HAC voi co ché hoat dong nhu sau: (1) Vi
mai gi4 tri thuc cua bién trang thai dau vao s& duoc chuyén sang gié tri SQM tuong wng thdng
qua phép noi suy tuyén tinh. Budc ndy co vai tro trong duong voi budc md hod caa FC nhu dugc
thé hién trén cac Hinh 2-3. (2) Thong qua mat luat HAC trén Hinh 5, c6 thé xac dinh gia tri SQM
cua bién diéu khién f thdng qua cap gia tri SQM cua céc bién trang thai h va v nho phép noi suy
tuyén tinh. (3) Gia tri thuc cua bién diéu khién f thu dugc s& duoc ndi suy dé chuyén thanh gié tri
thuc cua f dé dua vao vong lap diéu khién tiép theo. Budc nay c6 vai tro twong dwong véi budc
giai md ciia FC nhu duoc thé hién trén Hinh 5.
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Hinh 5. Mat suy lugn ciza HAC
4. M6 phéng sé

Trong muc nay, cac két qua diéu khién ha canh cho mé hinh may bay dugc don gian hod nhu
trén Hinh 1 va hé phuong trinh (3) duoc thyuc hién dé so sanh cac chi tiéu do cao ha canh h, van
toc ha canh v, lyc diéu khién f va thoi gian tinh toan (CPU time) khi str dung cac bé diéu khién
dua trén ly thuyet tap mo (FC) va dai s6 gia tar (HAC).

Piéu kién dau cua hé gdm do cao ban dau h, va van téc ban dau v, duoc cho nhu sau [16]:
ho = 1000 (ft); vy = —20 (ft/s); khéi lugng m = 1. Budc thoi gian At = 0,01 (s) Va thoi
gian mo phong T = 300 (s).

Cac két qua md phong bao gom: thoi gian tinh toan cua cac bo diéu khién (CPU time) dugc
trinh bay trong Bang 4, d6 cao va van téc ciia may bay theo thoi gian duoc thé hién trén cac Hinh
6-7 va luc diéu khién theo thoi gian duoc thé hién trén Hinh 8. Nhu vay, c6 thé thay rang, véi
cuing hé luat didu khién va khoang xéc dinh cua céc bién trang thai, HAC c6 két qua tét hon nhiéu
so véi FC dbi véi dap ung theo thoi gian ctia d6 cao va van toc ha canh cia may bay ciing nhu luc
diéu khién. Dac biét, thoi gian tinh todn cia HAC nhanh hon rat nhiéu so voi FC, giam 99,31%.
Viéc giam nay 1a do cac budc mo hoa, suy luan va giai mo cua FC khé rac roi va mat nhiéu thao
tac dé xur 1y, trong khi cac budc thyc hién c6 vai tro trong duong cua HAC chi sir dung cac pheép
noi suy tuyén tinh don gian. Pay 1a mot loi thé dang ké cia HAC véi yéu cau cao vé viéc giam
thoi gian xa ly & tat ca thanh phan/giai doan trong thyc té diéu khién. Tuy nhién, két qua mo
phong ciing cho thdy d6 cao ciia may bay khdng tién dén 0 khi van toc va luc diéu Khién tién dén
0. Biéu nay cho thay hé luat diéu khién chua tt va phi hop voi déi tuong diéu khién. Nguyén
nhan c6 thé 1a do phan hoach bién trang thai d6 cao h ¢ dang khong dién hinh va hé luat diéu
khién ctia FC ¢ dang khong déi xang.

Bang 4. Thoi gian tinh toan cua cac bg dieu khién

Bo diéu khién FC HAC

Thoi gian tinh toén (s) 2077,35 14,25
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5. Két luan

Bai bao da trinh bay vé bai toan diéu khién ha canh cho mot mé hinh may bay dugc don gian
hod dua trén ly thuyét mo va dai sé gia tr. Két qua moé phong tinh toén sb cho thay hiéu qua didu
khién vuot troi cua bo diéu khién duya trén ly thuyét dai s6 gia tir so vai bo diéu khién dua trén ly
thuyét tap mo ca vé dap ung diéu khién va thoi gian tinh toan. Qua do, c6 thé thiy HAC c6 nhiéu
tiém nang ung dung trong linh vuc diéu khién vat bay noi chung. Tuy nhién, hé luat diéu khién

trong bdo céo chua phu hop v6i mé hinh duge diéu khién nén can c6 nhirng nghién cau tiép theo
dé cai tién hé luat va hiéu qua caa HAC.

TAI LIEU THAM KHAO/ REFERENCES

[1] K. H. Kienitz, “Controller design using fuzzy logic—A case study,” Automatica, vol. 29, no. 2, pp.
549-554, 1993.

[2] K. Nho and R. K. Agarwal, “Automatic landing system design using fuzzy logic,” Journal of Guidance,
Control, and Dynamics, vol. 23, no. 2, pp. 298-304, 2000.

[3] J. -G. Juang and J. -Z. Chio, “Fuzzy modelling control for aircraft automatic landing system,”
International Journal of Systems Science, vol. 36, no. 2, pp. 77-87, 2005.

[4] D. Liu, G. Naadimuthu, and E. Lee, “Trajectory tracking in aircraft landing operations management

using the adaptive neural fuzzy inference system,” Computers & Mathematics with Applications, vol.
56, no. 5, pp. 1322-1327, 2008.

http://jst.tnu.edu.vn 556 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 227(08): 551 - 557

[5] R. Sumathi and M. Usha, “Pitch and yaw attitude control of a rocket engine using hybrid fuzzy-PID
controller,” The Open Automation and Control Systems Journal, vol. 6, no. 1, pp. 29-39, 2014.

[6] N. Ho and H. Nam, “Towards an algebraic foundation for a zadeh fuzzy logic,” Fuzzy Set and System,
vol. 129, no. 2, pp. 229-254, 2002.

[7] C. H. Nguyen and V. L. Nguyen, “Fuzziness measure on complete hedge algebras and quantifying
semantics of terms in linear hedge algebras,” Fuzzy sets and Systems, vol. 158, no. 4, pp. 452-471,
2007.

[8] H. L. Bui, D. T. Tran, and N. L. Vu, “Optimal fuzzy control of an inverted pendulum,” Journal of
vibration and control, vol. 18, no. 14, pp. 2097-2110, 2012.

[9] D. D. Nnguyen et al., “A study on the application of hedge algebras to active fuzzy control of a seism-
excited structure,” Journal of Vibration and Control, vol. 18, no. 14, pp. 2186-2200, 2012.

[10] D. A. Nguyen et al., “Application of hedge algebra-based fuzzy controller to active control of a
structure against earthquake,” Structural Control and Health Monitoring, vol. 20, no. 4, pp. 483-495,
2013.

[11] H. L. Bui et al., “General design method of hedge-algebras-based fuzzy controllers and an application
for structural active control,” Applied Intelligence, vol. 43, no. 2, pp. 251-275, 2015.

[12] H. L. Bui et al., “Vibration control of uncertain structures with actuator saturation using hedge-
algebras-based fuzzy controller,” Journal of Vibration and Control, vol. 23, no. 12, pp. 1984-2002,
2017.

[13] H. L. Bui, T. A. Le, and V. B. Bui, “Explicit formula of hedge-algebras-based fuzzy controller and
applications in structural vibration control,” Applied Soft Computing, vol. 60, pp. 150-166, 2017.

[14] V. B. Bui, Q. C. Tran, and H. L. Bui, “Multi-objective optimal design of fuzzy controller for
structural vibration control using Hedge-algebras approach,” Artificial Intelligence Review, vol. 50, no.
4, pp. 569-595, 2018.

[15] D. T. Tran et al., “Vibration control of a structure using sliding-mode hedge-algebras-based
controller,” Soft Computing, vol. 23, no. 6, pp. 2047-2059, 2019.

[16] T. J. Ross, Fuzzy logic with engineering applications. Wiley Online Library, 2004.

[17] C. H. Nguyen and N. L. Vu, “Optimal hedge-algebras-based controller: Design and application,”
Fuzzy Sets and Systems, vol. 159, no. 8, pp. 968-989, 2008.

http://jst.tnu.edu.vn 557 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

