Nghién ciru khoa hgc cong nghé
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TOM TAT

Bai bdo nay tién hanh khdo sat thudt todn lan truyén nguwoc véi thoi gian phdn rd thich nghi
cho mang noron dgt bién. Tir két qud khdo sat, tac gia da xdc dinh dwoc khodng gid tri phit hop
ciia thoi gian phén rd va toc dg hoc dé nang cao hiéu qua luyén mang. Hiéu qud ciia thudt toan
VOi gid tri cac tham 56 duoc chon sau khdo sat, cho thcfy téc do hoi tu cua mang duoc cdi thién so
V6i thudt todn ban dau véi cac tham sé khi chwa khdo sat théng qua bdi todn nhin dang tham sé
khi dgng thiét bi bay.

Tur khéa: Mang noron dot bién; Thoi gian phan ra; Nhan dang h¢ théng.
1. GIOI THIEU

Mang noron nhan tao (ANN) duoc xay dung dua trén nhitng dac diém co ban cua bo ndo,
nhung chung khac so v6i mang noron sinh hoc (BNN) vé co ché hoat dong va ciu trac. Do do,
hiéu suét caia ANN van thap hon rit nhidu so véi BNN. Day chinh 1a dong luc dé thiic diy mot thé
hé mang mai cé cac co ché hoat dong va hiéu suét tiém can BNN, n6 duoc goi la mang noron dot
bién (SNN) [1]. SNN 1a mét budc dot pha trong viée khic phuc cac han ché cia ANN. Do sy tuong
ddng vé ciu tric va co ché tinh todn véi BNN, SNN c¢6 thé xir 1y céc tin hiéu roi rac (cac dot bién)
nhu trong sinh hoc va cé kha nang tuwong thich cao véi ma thoi gian [2].

Dé phuc vu cho viéc huan luyén SNN, nhiéu thuat toan duoc xay dung dya trén cac y tuong
khac nhau ra doi. Dau tién, cac thuat toan lay cam hing tir quy tac lan truyén nguoc sai so truyén
thong nhu: thudt toan Spikeprop [3] va cac bién thé ctia né. Tiép theo 1a cac thuat toan dua trén y
tuong vé mot cira s6 hoc tap, du'oc phat trién tir quy tic Hebbian nhu ReSuMe [4] va cac bién thé
ctia n6. Ngoai ra, con c6 mot s6 thuat toan hoc khong giam sat nhu STDP [5] va cac bién thé cua
no6. Tong quat, cac thuat toan nay déu sir dung quy tac cap nhat trong sd khép ndi trong qua trinh
huan luyén mang d¢ i thiéu hoa ham sai sd.

Thuét toan dé xuAt [6] voi gia tri phu hop cua cic tham sb xé4c dinh sau khao sat d3 cai thién do
chinh x4c va toc do hoi tu cia SNN trong nhén dang hé s6 luc nang theo mo hinh phi tuyén SO vOi
thuét toan c6 cac tham sd duge chon trude khao sat.

Bai bao dugc to chirc nhu sau: Phan 1 giéi thidu vé SNN va mot sb thuat toan luyén mang.
Phan 2 thao luan ngan gon vé md hinh SNN va thuat toan dé xuat. Phan 3 gidi thiéu mo hinh
chuyén dong ciia may bay trong kénh d¢ cao. Phén 4 khao sat va xac dinh khoang gia tri phu hop
cho thoi gian phan rd va tbc do hoc. Phan 5 dwa ra mot s6 két luan va hudng phat trién tiép theo.

2. MO HINH MANG NORON POQT BIEN VA THUAT TOAN

2.1. CAu tric SNN
Trudc khi di vao nghién ctru thuat toan, mot kién trac mang noron dot bién [6] dugc xem xét
nhu hinh 1. Sy lién két gitra cac noron dugc minh hoa nhu hinh 2.
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2.2. M6 hinh phan ng dét bién ciia noron SNN
Trong cau tric SNN, cac noron duoc xdy dung véi mé hinh phan émg dot bién (SRM) nhu
trong [6].
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trong d6, cac thanh phan trong (1) duoc giai thich chi tiét trong [6].
2.3. Thuit toan cap nhat thich nghi ddi véi thoi gian phan ra
:l“uong tur cac thqét toan lan truyffen nguogc se}i $6 truyén théng, thuét toan nay cling thuc hién tbi
thiéu hoa ham sai s0 cho cac dot bién dau ra bang viéc cap nhat bién thoi gian phan ra 7, cho cac
ham phan tng d6t bién duoc thuc hién giira cic 16p cia mang SNN nhu sau:
Aty =—AVE )
trong d6, A la toc d6 hoc.
Viéc tinh todn lugng cap nhat Az, duogc trinh bay chi tiét trong [6].
3. MO HINH PONG HQC MAY BAY TRONG KENH PQ CAO
3.1. M6 hinh chuyén ddng ciia may bay trong kénh dd cao

Chuyén dong theo kénh d¢ cao ciia may bay khi nay dugc mé ta bang hé phuong trinh phi tuyén
nhu trong [7]:

Y, =ECOSa—qV—SCD —gsin(9-a)
m m
a=w, _isina_%_SCL cos(3 — )
mV m (3)
d=o,
@y = quSbA m,
Hinh 3. H¢ toa do lién két cua ’

may bay va cac ky hiéu.
Trong hinh 3 biéu dién hé toa d9 lién két cia may bay Oxyz va cac ky hiéu duoc giai thich chi
tiét nhu trong [8].

Céc hé sb luc nang, hé s6 luc can va hé s6 mémen trong (3) dugc xac dinh trong hé toa do tbe
d9d, khi chuyén qua h¢ toa dd lién ket, cac hé so nay duoc xac dinh nhu sau [7]:
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C,= —~(ma-P)C,= M- L 5
QS QS Gy Sh, (4)

C, = C,sina - C,cosa;C, =-C, cosa - C,sina

Trong thyc té, v6i chuyén dong ciia may bay trong giai doan cit canh, ha canh hodc chiém linh
d6 cao, thi mo hinh hé s6 luc nang trong giai doan nay dugc xac dinh [7]:

2
C,=C,, +C Aa+C,(Aa)*+C,, a;y\fr +C, (wzyv_k?j +Cp. (Aa“’zyv_t:*} .. (5)
¢ day: C,- H¢ s6 lyc nang khi o = o,V =V,,0,=0; Ax - Gia s6 goc thn cong so véi Ay Q-
G6c tan cong cin bang, dam bao cho may bay bay véi toc do V, khong ddi va d6 cao 6n dinh;
C.,,C.,,C.5,C.,,C s - Dan xuat khi dong (aerodynamic derivatives) ctia luc nang twong tng véi
cac thanh phén tao nén luc nang.
3.2. CAu tric md hinh SNN kénh dé cao
CAu trac SNN kf%nh dd cao theo mo hin}} SRM duoc st dung dé khép sat thuat toan dé xuét cho
mang noron dot bién trong nhin dang hé s6 luc nang may bay duoc thé hién trong hinh 4.
Véc to bién dau vao qua trinh nhan dang u(0) =[«(0), 9(0), @, (0), V(0), C_(0), C,(0)]' tai
thoi diém ban ddu t =0 va véc to daura 1a z(i +1) d6i v6i cac tham sé chuyén dong ciia may bay:
z(i+1) =[a(i+1), 9(i+1), o, (i+1), V(i +1)]" dwoc mé hoa thanh chudi thoi diém dot bién dua
vao SNN.
Cong thire ma hoa cac bién dau vao thanh thoi diém dot bién va giai ma cac chudi dot bién dau
ra thanh tin hi€u twong tu dugc trinh bay tuong tu nhu trong [9].
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Tinh C,

Hinh 4. Céu tric SNN phuc vu nhan dang hé 6 luc nang.
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4. KHAO SAT VA XAC PINH KHOANG GIA TRI PHU HQP
CHO THOI GIAN PHAN RA VA TOC PQ HQC

4.1. Khdo sat anh huéng cua thoi gian phin ra 7, dén hiéu qua ciia thuat toan

Tac gia s& sir dung thudt toan dé xuat va tap dir liéu thiét bj bay duoc ghi lai tir cac chuyén bay
thuc té dé nhan dang hé so0 luc nang cua thiét bi bay trong giai doan cat canh. SNN dugc xay dung
V01 cau trac 5-15-1 véi cac tham so dugc thiét 1ap nhu sau: 7, =5ms, 7, € [6 ms + 30 ms]; trong
) khop ndi ¢b dinh w=0.5; téc dd hoc 2 =0.5; sb lugng epochs cho phép 1a 100.

B0 dit lidu cac chuyén bay thuc té cia may bay SU3OMK2 trong [8]. Két qua khao sat hiéu qua
cua thudt toan trong muc 2.3 v6i cac khoang thoi gian phan ra khac nhau.

7d = [6ms - 10ms) 1d = [10ms - 13ms]
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Hinh 7. Truong hop 3: Hinh 8. Truong hop 4:
7, =5ms; 7y =17,26 ms. 7, =5ms; 7y =27,63ms.

- Trong khoang 6 ms < 7, <10 ms c6 thé thay rang, khoang 10 s d4u tién thi hé s6 luc nang nhan
duoc theo nhan dang co gia tri 16n ho'n; khoang 10 s tiép theo, hé sd luc nang nhan fiuqc theo nhan
dang c6 xu hudng bam gia tri h¢ s6 luc nng nhan duoc tinh toan theo cac tham s6 khac trong bo
dr liéu chuyén bay, tuy nhién, 151i co su khéc biét 16n trong thoi gian con lai (hinh 5 twong ung
7, =9,23 ms). Biéu nay cho thay rang, khoang gia tri cta thoi gian phan ra 6ms <z, <10 ms la
chua phu hop.

- Trong khoang 10 ms <z, <13ms. B chinh xac cta h¢ s6 luc nang dugc nhan dang bodi
mang SNN so voi hé sb luc nang tinh qua dir li¢u nam trong dai 95,7% + 97,6%, dac biét voi
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7, =12,12ms, thoi gian phan ra cho do chinh xéac d4u ra ciia mang dat 97.6% sau 13 epochs
luyén mang (hinh 6).

- Trong khoang 13ms <z, <20 ms va 20ms <z, <30 ms, ¢ thé thiy rang, két qua gin tuong
tw nhu trudng hop dau tién (hinh 7 va 8 twong ing 7, =17,26 ms var, = 27,63 ms).

C6 thé thay rang, voi gia tri cua thoi gian phan 1 nam trong dai 7, € [10 ms + 13 ms], thuat
toan dé xuét c6 hiéu qua t6t nhat V(’?i bo dit lidu dé nhéu} dang hé $6 luc nang, khi ma chi sau khoang
13 epochs mang da dat dugc chi so Best fit mong muon.

4.2. Khio sat anh hwéng ciia tdc dd hoc va thoi gian phan ra dén toc dd hdi tu chia mang

Trong phén nay, thyc hién thay doi toc dd hoc A trong (2) trong khoang 4 =[0.01+1] véi céc
khoang gia tri cia thoi gian phan rd 7, € [6 ms + 30 ms]; cau tric mang SNN, céc tham sb khac
ctia SNN tuong ty nhu phan 4.1.

T}‘J: hinh 9 ¢6 thé thiy ring, véi cac khoang thoi gian phén ra khac n}lau }(hi toc do hgc A nhé
thi toc d6 hoi tu ctia mang SNN véi b dir liéu TBB cling cham hon. Néu tiép tuc tang toc (j(f) hoc
thi toc d6 hoi tu cia mang ciing nhanh hon. Tuy nhién, khi tang toc d6 hoc t6i mot gid tri nhat dinh
thi toc d6 hoi tu cia mang cling bat dau suy giam, cu thé nhu sau:

- Thoi gian phén rd dugc thiét 1ap trong khoang 10 ms <z, <13ms, mang c6 toc do hoi tu tot
npét vé6i epochs 14n lugt nhod nhét 1a 13 va lon nhit 13 87, tai A=0.01 va 2=0.5. Trong khi do,
toc o hdi tu cua mang cham nhat tuong tng so6 epochs nho nhat 1a 75 va 16n nhat 100, tai 4 =0.3
va A=1cho6 ms<rz, <10ms.

- Thoi gian phén rd duogc thiét 14p trong hai khoang 13 ms < 7, <20ms va 20ms <z, <30 ms,
t(f)c d6 hoi tu cua mang cd xu hu'é‘r}g tdng va giam tuong déng nhau yc'ri cac gia tri cua tdc do hoc,
toc do hoi tu ctia mang nhanh nhat khi epochs nhé nhat 1a 45 tai toc d§ hoc A =0.3 cho ca hai
truong hop.

- D4i véi tt cd cac truong hop, mang ¢6 toc do hoi tu nhanh khi toc d hoc 2=[0.1+0.5],
ngugc lai tdc d6 hoi tu s& cham lai thim chi mang khong hoi tu.

Sw anh hwéng cia A va vd dén toc d hoi tu khi luyén SNN
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Hinh 9. Anh huéng ciia toc dé hoc va thoi gian phén ri

dén téc do héi tu khi luyén mang.
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5. KET LUAN

Bai bao da thyc hién khao sat va xac dinh dugc khoang tdc dd hoc va khoang thoi gian phan ra

tuong ddi phu hop cho thuét toan dé xuét, nang cao do chinh xac va tdc d6 hoi tu ctia SNN trong
bai toan nhén dang hé s6 luc nang tir cac bd dir liéu nhan dugc cua may bay trong giai doan ct
canh. Do quan hé phi tuyén phuc tap gitta hai tham s6 nay di véi sai s6 dau ra trong mdi epoch
luyén mang, viéc chirng minh toan hoc dé tuong minh sy lya chon nay chua dugc thyc hién. Cac
nghién ctru tiép theo cia nhom tac gia s& tiép tuc nghién ciru vn dé nay.
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ABSTRACT

Survey on error back propagation algorithm with the adaptive decay time
for spike neural network in identifying the lift coefficient of an aircraft

This paper investigates the backpropagation algorithm with the adaptive decay time for
the spike neural network. From the survey results, the author has determined the
appropriate value range of decay time and learning rate to improve network training
efficiency. The efficiency of the algorithm with the parameter values selected after the survey
shows that the convergence speed of the network is improved compared to the original
algorithm through the problem of identifying aircraft aerodynamic parameters.

Keywords: Spike neural network; The decay time; System identification.
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