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Toém tit
Bai bao dé xudt mot phuong phap hudn luyén két hop cho mang noron dot bién dé nhan
dang cac hé sb khi dong ctua may bay trong kénh d6 cao theo mé hinh phi tuyén. Phuong
phap hudn luyén dé xut 1a su két hop cta thut toan lan truyén nguoc voi thoi gian phan ra
thich nghi va thudt toan lan truyén nguoc sai sé dot bién chuan hoa. Sy két hop nay tan
dung dugc wu diém cua hai thuat toan trong viéc cap nhat thoi gian phan rd va trong )
khép néi. Biéu nay s& rut ngan dugc thoi gian va tinh 6n dinh trong qua trinh suy giam sai
s6 khi hudn luyén mang. Do d6, n6 dam bao nang cao dd chinh xac va do tin cay cua cac
tham s6 khi déng can nhan dang. Cac két qua mo phong cho thay cac hé sb khi dong trong
kénh d6 cao cia may bay dugc nhan dang bang phuong phap dé xuit c6 do chinh xac cao
hon cac phuong phap truyén théng va téc do hoi tu cia mang nhanh hon khi duoc huén
luyén véi viée sit dung riéng ré tiing phwong phap. Ngoai ra, k¥ thudt bootstrapping dugc
st dung dé xac dinh khoang tin cay cho cac tham s6 khi dong. Dya vao khoang tin cdy cho
thay phuwong phap dé xut c6 két qua tin cay hon so voi thuat toan trudc khi két hop.
Tir khéa: Mang noron dot bién, lan truyén ngiege sai sé dot bién; thoi gian phan ra; nhdn dang
hé thong.

1. Gié6i thi¢u

Viéc xac dinh va danh gia cac dic tinh khi dong cua thiét bi bay (TBB) trong cac
giai doan thiét ké, ché tao va thu nghi¢m bay dugc thuc hi¢n thong qua cidc moé hinh
dong hoc. M6 hinh nay bao gdm cac phuong trinh toan hoc mé ta méi quan hé, thuong
1a phtre tap va phi tuyén, giira cac tham sé khi dong cua thiét bi bay [1]-[3] nhu luc khi
dong, mé men khi dong vdi cac bién trang thai, bién diéu khién, cac tham sd khi dong
ctia cac phan than - canh, mii, khdi luong tai trong... ctia TBB.

Trong cac md hinh dong hoc cua TBB thi cac luc va m6 men khi dong tac dong
1én TBB thuong dugc xac dinh thong qua cac hé s6 khong thir nguyén nhu hé sb luc
nang, hé s6 luc can, hé sb luc bén va hé sé6 md men [2]. Tuy nhién, cac hé s6 khi dong
cua thiét bi bay lai duoc xac dinh thong qua cac dan xuét khi dong. Do do, viéc xac dinh
chinh xac cac dan xuat khi dong hoc déng mot vai tro quan trong ddi véi viéc cung cip
mdt md hinh da chinh xac dé mo ta chuyén dong cia TBB trong khong gian.
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Mot s6 phuong phap truyén théng thudng duge sir dung trong nhan dang cac din
xuit khi dong hoc nay nhu phuong phap tua thuc cuc dai (ML) [4], [5], sai s6 ddu ra
(OEM) [6], [7], sai s& phuong trinh (EEM) [2], [6], va sai sb bo loc (FEM) [2], [8].
Nhitng phuong phép nay don gian vé mit toan hoc, tuy nhién c6 do chinh xac khong
cao vi khong tinh dén cac nhidu loan co trong dir liéu phuc vu nhan dang. Nguoc lai,
viéc xac dinh cac tham sb khi dong ctia may bay thong qua thuc nghiém, vi du nhu dng
thoi khi dong chi c6 thé thuc hién trén mo hinh ti 1 thu nhd voi cac diéu kién bay han
ché [9], [10].

Trong nhitng nim gan day, viéc ing dung mang noron nhan tao (ANN) trong
nhan dang cac dan xuét khi dong dd phat trién rong rai [11]-[13]. ANN c¢6 nhiing uu
diém nhat dinh d6i v6i mé hinh phi tuyén cta cac hé sd khi dong so véi cac phuong
phap di dé cap ¢ trén. Tuy nhién, ANNs van ton tai cac han ché trong cac nguyén ly
huin luyén mang [14], do d6, hiéu suat cia ANNs van thap hon rt nhiéu so voi mang
noron sinh hoc (BNN). Pay chinh 13 dong lyc dé thuc diy mot su thay thé ANNs bang
mot thé hé mang noron méi ndi 1a mang noron dot bién (SNN) [14]. SNN 1a mot bude
dot pha trong viéc khéc phuc céc han ché cia ANN.

Hién nay, c6 nhiéu thuat toan duoc sir dung dé huin luyén SNN nhu Spikeprop [15],
Learning rate adaptation [16], Extending SpikeProp [17], RProp va QuickProp [18], An
extended algorithm using adaptation of momentum and learning rate [19], ReSuMe [20],
E-learning, I-learning [21], SPAN [22], Normalized spiking error back propagation
(NSEBP) [23], Spike timing dependent plasticity [24], R-STDP [25], va thudt toan lan
truyén nguoc véi thoi gian phan rd thich nghi (7,-PSP) [26]. Tuy nhién, cac thuat toan
nay déu c6 nhitng wu diém, nhuoc diém riéng va khong thé dap tng day du cac yéu cau
vé tdc d6 suy giam sai sb ddu ra nhanh va 6n dinh. Do d6, cac tac gia tién hanh khao sat
va nhan thdy 7,-PSP théa man cac diéu kién dé két hop véi NSEBP va tao thanh mot
phuong phap huin luyén hiéu qua cho SNN.

Trong nghién ctru nay, SNN va phuong phap huin luyén dé xuit duoc sir dung dé
nhan dang cac din xuat khi dong cia may bay Su-30. Thoi diém tht nhat, SNN duoc
huén luyén boi thuat todn z,-PSP d nhanh chéng dua sai s6 dau ra clia mang vé gié trj
cuc tiéu toan cuc. Tuy nhién, han ché cua 7,-PSP la sy 6n dinh khong cao khi sai s6 tién
gan vé cuc tiéu toan cuc. Do d6, NSEBP duoc tng dung trong thoi diém thir hai dé giup
sai s6 tién vé cuc tiéu toan cuc On dinh hon. Két qua mé phong da cho thay chién lugc
dé xudt da cai thién hiéu qua luyén mang va ning cao do chinh xac cho két qua trong
bai toan nhan dang bang SNN.
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Pé danh gia do tin cdy cua cac hé s khi dong dugc nhan dang bang phuong phap
dé xuét so véi hai thuat toan ban dau, ky thuat bootstrapping [27], [28] duoc st dung dé
tang cuong bo dir liéu va xdy dung cac khoang tin cy (CIs) cho cac hé sb khi dong. Cac
khoang tin cay nay la co s& dé xac minh rfmg thuét toan dé xuat vuot troi hon hai thuét
toan trude khi két hop.

Noi dung con lai cua bai bao dugc td chic nhu sau: Phan 2 xay dung mo hinh
chuyén dong may bay trong kénh d¢ cao. Phan 3 1a co s¢ cho phwong phap huan luyén
két hop. Két qua mo phong va thao luan duoc trinh bay trong Phan 4. Phan 5 1a két luan
va cac hudng nghién ctru tiép theo.

2. M6 hinh dong hoc may bay trong kénh d¢ cao

Mot mé hinh dong hoc cia may bay trong kénh do cao dugc mo ta nhu sau [6]:

VZECOSOC—QCD—gSin((p—OC)
m m
P
a :a)oy——sina—ﬁCL cos(p—a)
mV m (1)
q.):a)oy
qSb
oy Ji : m,

oy
trong do: ¢ - goc gat; C,,C, - hé s6 Iuc nang khi dong, hé sé luc can khi dong; m, - h¢
s6 md men khi dong theo kénh chic ngoc; I ,» - MO men quan tinh theo truc Oy .

Chuyén dong cta may bay dugc xem xét trong giai doan co dong v6i dic trung 1a
su thay ddi 16n vé diéu kién bay va cac dic tinh khi dong trong thoi gian ngan. Do do,
cac hé s6 luc nang, hé sd luc can va hé s6 md men trong (1) khong chi sir dung thanh
phan bac nhat cta khai trién Taylor ma can phai b sung cac thanh phin bic cao hon
ctia goc tan cong, toc dd goc chic ngde va gbe quay canh 1ai do cao. Gia dinh rang mo
hinh hé s khi dong theo khai trién Taylor dén bac hai dbi v6i goc tan cong dugc mo ta
nhu sau [6]:

A 2 o @, b
C,=C,+ CLAV7V + CMAa + CF (Aa)’ + C» 224+ CX5,
0 0
A 2 o @, b
C,=C, + ch—V + CoAa + C& (Aa)* + Cpr =22 4+ C%5, ()
' " 2V,
2 w ,b
m,=m, + mf,VA—V + mAa +m” (Aa)’ + m” 2L+ m®S,
0 V() y y y 2V0 y
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trong do: C 1> Co, oMy, = hé 6 luc nang, hé s6 luc can, va hé s6 mé men do luc nang tao
ra khi o =a,.V =V, 0, =0; Aa - gia s6 goc tin cong so voi o =a,; a,- 8oc tan
cong can bang, dam bio mdy bay bay ¢ tbc do khong doi V, va do cao 6n dinh;
CY, Cr, CA C, C%- cac din xubt khi dong cia hé sb Iluc nang;
CA, CA*, CA Co, C%- cac din xubt khi dong cua hé sb lyc can; va

AV Aa Aa?

m)*, m, m;’“", mf”- cac dan xuat khi dong ctia h¢ s6 moé men do luc nang

m
y 27y 2y

tuong tng vi cac thanh phan tao nén ching.
Thay thé cong thirc (2) vao cong thirc (1), nhan duoc:
; A 2 o O, b
Vo= ) cyY ar Ci*Aa + C% (Aa)’ + Cpr =24 4+ C25,
m g 2V,

A 2 ,

q = a,- ﬁ{cLAV—V + CMAa + C¥(Aa)® + C™
mV V.

o 0 0

a)oy bA

+ Cf”fse} 3)

Sb AV 2 o O, b
o,, = qVI—A{myAV— + m)*Aa +m! (Aa)’ + m"” —2;/ + mf”5g}

oy 0 0

Phuong trinh dau ra cho gia tdc theo truc ding a,:

_ _m{@vﬂ

Aa a? 2 @y a)oybA s,
+ CAa + C; (Aa)” + C,”" —— + C;*0, €))
mg 2V,

0 0

Cong thirc (3) va (4) duoc biéu dién dudi dang khong gian trang thai nhu sau:

V _DV _Da _Da)oy AV -Daz _Dge A )
G |=|-L, -L, 1-L, ||Aa|+|-L. -, {;} (5)
o,, M, M, M, a,, M, M, e
AV e
a
[aoz]z[-zy Z, Z] 205 [z, -Zﬁe]{ 5 } (6)

oy
Tir cac phuong trinh (5) va phuong trinh dau ra (6), vecto tham sd can phai nhan
dang bao gém cac dan xuét khi dong dugc xac dinh nhu sau:

AV ~Aa AP Oy 6, AV ha AP w6, AV Aa AR B G,
OZ[CL OO O G CY O, Oy Co Co i ™ mm} )
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3. Co ¢ cho chién lwge huin luyén hai giai doan
3.1. M6 hinh va céu triic SNN
* Cau triic SNN

Trong [26] da gidi thi€u mot clu tric cia mang noron dot bién. Mt noron dot
bién sau khdp ndi co thé két ndi voi mot noron dot bién trude khép ndi bang nhicu
khép ndi.

* M6 hinh phdn irng dot bién

Trang thai bén trong u,(f) cua noron j sau khép nbi & 16p m tai ¢t dugc mod hinh

hoa [26]:

m+]

u;(t) = iiw;g(t-t;g’-dkﬁy/(t-t;f)) (8)

e(z){exp(-iyexp(-i)}fl(z) )
Ty 7,

z = t-1%9-d" (10)

trong d6: /) - thoi diém dot bién dau ra thir £ gan nhét true thoi diém £ e(z) - ham
phan tng dot bién; 7, - thoi gian ciia sudn 1én; 7, - thoi gian phan rd; H(z) - biéu thi
ham budc Heavyside: H(z)=1néu z>0 va H(z)=0 néu z<0; d*- d6 tré khép nbi thir
k; 1 - thoi diém dot bién thir g cua noron i truée khép ndi; wf - trong s6 khép ndi thu
k ctia noron i trudc khdp nbi va noron j sau khép ndi; F. - s6 luong noron trude khop
nbi trong 16p m+1; K - s6 lwong khép ndi gitta mot noron i trude khdp ndi va mot
noron j sau khép ndi; G - s6 lwong dot bién duogc kich hoat noron i trudc khép ndi;
w - ham phuc hdi dién thé hoat dong cua noron vé dién thé nghi sau khi kich hoat mot

dot bién, nhu trong [26] tac gia chon ham w c6 dang nhu sau:

—2196-5 lf z>0 (11)
0 if z<0

(//:

trong d6: 9 - ngudng kich hoat ctia noron; 7, - hang s6 phan ra theo thoi gian xac dinh

hinh dang ctia ham phuc hdi dién thé hoat dong ciia noron vé dién thé nghi.
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3.2. Cdc thudt todn dé xudt
* Thudt todn lan truyén ngwoc vdi thoi gian phan ra thich nghi
Thuat toan nay ciing thuc hién t6i thiéu héa ham sai s6 cho cac thoi diém xut
hién dot bién tai 16p dau ra mang nhu sau:
1 Fay e
E:EZ(@- t!) (12)
i=1
trong do: F, , - s6 lurgng noron trong 16p dau ra; t,- thoi diém dot bién dau ra thuc té;
t_;’- thoi diém dot bién ddu ra mong mudn cta noron thir j trong 16p dau ra. Viéc tbi
thiéu hoa ham sai s6 E dugc gidi thi¢u chi tiét trong [26].
* Thudt todn lan truyén ngwoc sai sé dét bién chuin héa (NSEBP)
Thuat toan NSEBP dugc trinh bay chi tiét trong [23]. Gia sir yéu cau noron thit j
kich hoat mot dot bién mong muén tai thoi diém {,. Nhung thue té dién ap cua noron j
dat dugc tai thoi diém kich hoat dot bién xac dinh dwgc 1a U(z,) khac voi dién 4p

nguong U, .. Sais6 E ¢ dau ra cua mang dugc xac dinh nhu sau:

E=|Up -U(t;) (13)

Viéc t6i thiéu hoa ham sai sé E duogc gi6i thiéu chi tiét trong [23].
3.3. Khdo sdt co sé cho chién lwoc huén luyén SNN hai giai doan

Cau tric SNN theo mo6 hinh SRM duogc sit dung dé khao sat chién lwgc huin
luyén dé xuat trong vi¢c nhan dang hé s6 khi dong (2) duogc thé hién trong Hinh 1.

W(i+1 + o
M Manea - T, =§F:
[a(D.p().0,O.F O] _ _/_ o _7[ _ _I _
1
I
I
v | O T, 00 @, O 0 1 - . - .}",(}r _1)
M3 héa » T, —:>O—> = OO L Gidi ma ’
T I 0] o O|!
¥ .+
M hinh khi [, Sai M5 hinh SRM
dong may bay | /\
Best fit = Desired Best fit

Y

Dirng

Hinh 1. Cdu triic SNN dé nhdn dang hé 6 khi dong.
46



Tap chi Khoa hoc va Ky thudt - ISSN 1859-0209

- A A \ . ; ; ; . . ; Nl X )

Vecto bien dau vao S()=|a(i). (). o, ).V ().C,(0).C,i).m, ()] gom bay
tham sb, trong d6 bén tham sd dau tién 1a trang thai chuyén dong ctia may bay
trong kénh do cao, dugc thu nhan tir thiét bi ghi dit liéu bay; ba tham sé cudi 1a
cac hé sd khi dong. Pau ra cula mang la mot vecto g@)m sdu tham sb:

A T

j/(z‘+l):[d(z‘+l), P +1), @, (+1),V(i+1), a,(i+1), &Oz(i+1)] , la du doan mot bude cua
cic tham sd chuyén dong cia mdy bay va dit liéu thuc té duoc do la:
yi+D)=[a(i+1), p(i+1), @, (+1).V([i+1), a,(i+D), aoz(i+l)]r. Viéc kiém tra diéu kién
dirng cta thuét toan luyén mang 1a sy phu hop giita p(i+1) va p(i+1) thong qua chi sd
“Best fit” (“Best fit desired” dugc chon ¢ day 1a 95%) [29] hodc khi sai s6 dat dén gia
tri thiét 1ap. Cong thirc ma héa tin hiéu dau vao thanh thoi diém dot bién va giai ma
thoi diém dot bién dau ra thanh gia tri lién tuc duoc thuc hién twong tu nhu trong [30].

Pé khao sat va xay dung co s cho phwong phap huin luyén mang két hop, cac
tac gia s& khao sat hiéu qua huan luyén SNN trong viéc xdp xi trang thai cac tham sb
chuyén dong mo hinh (1) véi hai thuat toan duoc dé cap trong Muc 3.2. Tap dir li€u cac
tham sd chuyén dong duoc ghi lai tir cic chuyén bay ciia may bay Su-30 dugc sir dung
nhan dang cac tham s6 khi dong ctia may bay trong cac giai doan cit canh [31]. SNN
dugc xay dung véi ciu tric 7-20-10-6: 7 noron dau vao twong Gng voi vecto bién dau
vao S(i), 20 noron 16p an thir nhat, 10 noron 16p an thi hai va 6 noron dau ra tuong tng
voi p(i+1).

* Khdo sdt hi¢u qud hudn luyén ciia thugt todn 7,-PSP:

Pé khao sat hiéu qua thuat toan z, - PSP, mot s6 tham sb dic trung cua SNN duoc
thiét 1p: 7, =6 ms; 7, €[10ms + 13 ms]; trong s6 khép ndi c6 dinh of =}, =0,5; toc
dd hoc 1=0,5. Viéc lya chon cac tham sd & trén dyua vao viée khao sat sy anh huong
cua tdc do hoc A va thoi gian phanrd 7, dén tdc @6 hoi tu va sy 6n dinh cua mang trén
cung tap dir liéu cat canh ctia may bay Su-30 duoc trinh bay chi tiét trong [31], [32]. Két
qua khao sat danh gia trung binh trén 100 lan chay dé dam bao do tin cdy khi tinh toan
thng ké.

* Khdo sdt hiéu qud hudn luyén ciia thugt toin NSEBP:

Dé khao sat hiéu qua thuat toan NSEBP, mot s6 tham sd dic trung cia SNN dugc
thiét lap nhu sau: 7, =6 ms, 7,=12 ms; trong ) khop ndi ban dau a)f =w). =0,5; tde do

hoc 1=0,5.
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* Mpt s6 két lugn nhin dwgc sau khdo sdt:

- Thuat toan 7z, — PSP ¢co tbc do suy giam sai s dau ra (duong den tron) cia
mang & giai doan dau (6 epoch) nhanh hon so v&i thuat toan NSEBP (dudng den +)
duoc minh hoa nhu trong Hinh 2. Ngoai ra, thoi gian phan ra t61 uu dugce xac dinh trong
khoang 12,05 ms <7} <12,10 ms.

- Tuy nhién, khi sai sb suy giam vé mot gia tri cuc tiéu t6i han, ¢ ,— PSP thé hién
su khong on dinh so véi thuat toan NSEBP duoc minh hoa trong Hinh 3. Cu thé, tur
epoch 7 dén epoch 12, sai s6 dau ra ciia mang c6 sy dao dong.

- Trong khi do, sai s6 dau ra cua mang duoc huén luyén béng NSEBP c¢6 tc do
suy giam cham hon nhung gia tri lai nhé va on dinh hon 7, — PSP nhu dugc md ta
trong Hinh 2.

- C6 thé nhan thiy ¢ ,— PSP ¢o tbc do suy giam sai sb trong giai doan dau (6
epoch dau tién) nhanh hon, con thuat toan NSEBP ¢6 murc d6 suy giam déu va on dinh
hon. Do do, tac gia dé xuat phuong phap huan luyén SNN két hop trong hai thoi di€ém
(2-Stages) dé co the tan dung duogc cac vu diém cua hai thudt todn trong viéc cai thi¢n
hi€u suat huan luyén va do chinh xac trong nhan dang cac hé s6 khi dong may bay
Su-30. Cu th¢, 6 epoch dau tién SNN duoc huin luyén voi 7, — PSP, giai doan con lai
SNN duoc hudn luyén bdi NSEBP.

- Két qua mo phong cho thiy sai s6 dau ra cia SNN khi duoc huin luyén bang
phuong phap két hop (duong cham den) da suy gidm nhanh va 6n dinh hon so voi hai
thuat toan ban dau: 7, — PSP (duong den tron) va NSEBP (duong den +) nhu mo ta
trong Hinh 3.

T d-PSP
=——}— NSEBP

T d-PSP

. h as = . L
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Epochs Epochs

Hinh 2. Sai sé dau ra SNN duwoc hudn luyén Hinh 3. Sai s6 dau ra SNN duwoc luyén béi
boi NSEBP va t, — PSP. NSEBP, t,— PSP va phuwong phap dé xuat.
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3.4. Pé xuit phwong phdp hudin luyén mang két hop giira t . - PSP va NSEBP

Viéc dé xuat phuong phap huan luyén két hop khong chi dua trén két qua khao sat
O trén, ma hai thuat toan r, — PSP va NSEBP cling phai thoa méan cac diéu kién sau day
dé co thé két hop vdi nhau:

- Thit nhdt, ca hai thuat toan déu str dung mot mé hinh phan trng dot bién (SRM)
v61 cac ham phan tng dot bién giéng nhau. Piéu nay dam bao rﬁng dong hoc cua céc
noron 13 giéng nhau va khong c6 xung dot trong qua trinh chuyén doi gitra cac giai doan
huén luyén;

- Thit hai, thdi gian phin rd t6i wu cua thudt toan 7 ,— PSP la
12,05 ms <7?' <12,10 ms. Vi vy, khi két thic giai doan huin luyén dau tién voi
r,— PSP, thoi gian phan ra s& thoa man diéu kién 7, = 27, trong [23] dé thuat todn
NSEBP ¢6 thé hoat dong;

- Cuoi cing, trong sb khép ndi ciia 7, — PSP dugc ¢6 dinh o) =}, =0,5 trong
sudt qua trinh huin luyén tuong Gng véi trong sd khép ndi ban dau cia NSEBP trong
qua trinh chuyén dbi giai doan huan luyén.

Trén thyc té, nhidu thuat toan c¢6 thé thoa mian mot trong cac diéu kién dé két hop
v6i thuat toan NSEBP. Tuy nhién, 7, — PSP la thuit toan duy nhat cho dén nay thoa
mén tat ca cac diéu kién trén.

Vi viy, cac tac gia dé xuit mot sy hudn luyén mang két hop boi hai thuat toan
7, — PSP va NSEBP @ nhan dang cic hé s6 khi dong cia may bay. Phuong phap dé
xuat ndy dugc phat trién béi hai thuat toan 7, — PSP va NSEBP.

3.5. So sanh hi¢u qud phwong phdp hudn luyén dé xudt véi phwong phdp RProp

Pé c6 co so khang dinh hiéu qua cua 2-Stages so vdi cac phuong phap phd bién
khac, cac tac gia s& tién hanh so sanh hiéu qua cta 2-Stages va RProp trong bai toan
phan loai XOR phi tuyén va thoi gian hdi tu ctia hai thuat toan.
a) Phan logi phi tuyén XOR

Phuong phap RProp s& duoc tng dung dé diéu chinh téc do hoc nhiam cai thién
tbc do hoi tu va do chinh xac cho cac thuat toan, cu thé trong nghién ctru nay la thuat

toan SpikeProp. Toc d hoc trong SpikeProp duoc cap nhat bai RProp nhu [18]:
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Ay(1) =

Awij ()=

P .. OF OF
A (t=D,if —(-1)—()>0
1A= =) =)

ij ij
nNAl.j(t—l),ifa—E(t—l)a—E(t) <0
0 i 6(01.].
A (t —1),otherwise

.. OF
—AU(Z‘—I),IfW(Z‘) >0
ij
.. OF
+Ay(t—l),lfw(t) <0
ij
0, otherwise

(14)

(15)

Trong [18] da chi ra viéc chon gia tri cac tham s6 n” =1,3 va " =0,5 1a tét

nhat va ching dugc Iya chon cho RProp voi muc dich so sanh trong nghién ctru nay.

Céc tham s ctia phuong phap két hop dugc chon nhu trong phan khao sat ¢ trén. Két
qua huan luyén v6i 150 mau nhi phan XOR duoc Iy trung binh trén 100 1in chay, thé
hién nhu trong Hinh 4, Bang 1 va 2 sau day:

Hinh 4. MSE cua 2-Stages, RProp va SpikeProp cho phdn loai XOR.

351

3 i - - - -SpikeProp

RProp

Epochs

Bdng 1. S6 epoch dé dwa MSE = 0,5 vdi tdp dir liéu XOR

Thuat toan S6 epoch MSE
SpikeProp 130 0,5
RProp 28 0,5
2-Stages 19 0,5

50



Tap chi Khoa hoc va Ky thudt - ISSN 1859-0209

Bdng 2. Két qud phdn loai XOR ciia 3 phuong phdp

Thuat toan Tbc dohoc | SO lan thir nghiém | Ti 16 thanh cong
Spikeprop 0,5 100 86%
RProp adaptation 100 91%
2-Stages 0,5 100 95%

Hinh 4 cho thiy rang MSE cta 2-Stages (duong chdm den) c¢6 mirc do suy giam la
nhanh va min nhat, nguoc lai MSE ctia SpikeProp (dudng nét dirt) co toe do suy giam
cham nhét. Trong khi d6, RProp (dudng nét lién) cho thdy hiéu qua dang ké trong cai
thién tdc d6 hoi tu cia SpikeProp, tuy nhién, han ché ctua RProp 1 d6 6n dinh trong qua
trinh suy giam MSE qua cac lan lip. Bang 1 cho thdy rang 2-Stages chi can
19 epoch dé dwa MSE = 0,5, trong khi d6 truong hop tot nhét ciia RProp va SpikeProp
lan luot 1a 28 va 130. V& do chinh xac phan loai, 2-Stages dat 95% so v&i 91% cua
Rprop va 86% cua SpikeProp nhu trong Bang 2.

b) Thoi gian hudn luyén va thoi gian hoi tu ciia cdc phwong phdp

Tiép theo, viéc so sanh va danh gia hiéu qua ctia phuong phap két hop, RProp va
SprikeProp trong huin luyén SNN véi tap dir liéu cia may bay trong giai doan cat canh
duogc thuc hién. Cac tham s ctia ba phuong phap duoc thiét 1ap nhu trong bai toan phan
loai XOR. Két qua cu thé nhu sau: Pau tién co thé thdy, RProp (dudng nét lién) c6 tdc
d6 suy giam sai sé kém 6n dinh nhat nhu Hinh 5, do hé qua ctia viée thay dbi toc do hoc
trong qua trinh cdp nhat trong s6. Tuy nhién d6i lai tc do suy giam sai s6 dau ra ciia n6
nhanh hon dang ké so v6i SpikeProp (duong nét dut). Két qua cu thé duoc chi ra trong
Bang 3, RProp chi can 13 epoch dé dua sai s6 dau ra t6i 0,1, trong khi SpikeProp can téi
54 epoch. Du Rprop di cai thién hiéu qua dang ké, nhung 2-Stages (duong chim den)

van nhinh hon mot chut.

Bdng 3. S6 luong epoch dé mang dat Error = 0,1

Thuat toan S6 lugng epoch Error
SpikeProp 54 0,1
RProp 13 0,1
2-Stages 5 0,1

Pé xac dinh cac chi sd thoi gian, d6i v6i mdi phuong phap céc tac gia di thuc
hién 100 14n hudn luyén véi tap dit liéu bay trong giai doan cét canh, trong mdi lan huin
luyén thyc hién thay doi:

-7, (d6i voi TSTS) thay d6i ngau nhién trong khoang 10-13 ms;
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- ", o (d6i voi NSEBP) thay dbi ngiu nhién trong khoang 0,1-0,9;

1]5

- Toc d6 hoc 1 (ddi voi SpikeProp) thay dbi ngau nhién trong khoang 0,4-0,6;

1.4
......... 2-Stages

RProp
= = :SpikeProp

127wy

1F \

0.8

Sai s0

0.6 -

0.4

02h i

e N e e o Y

=
- —-

Hinh 5. Toc @6 suy gidm sai so dau ra ciia ba phwong phdp.
Trong mdi lan hun luyén, sé epoch duoc xac dinh khi MSE = 0,1. Chi phi tinh
toan trung binh cho 1 epoch dugc xac dinh nhu sau:

T

100|MSE=0,1

Taverage/epoch = E (16)
100|MSE=0,1

trong do: Tipguse—, 12 tong thoi gian dé dat dén MSE = 0,1 cho 100 lan huin luyén;
Egjuse-o1 18 tong s6 epoch duoc xac dinh khi MSE = 0,1 cho 100 lan huan luyén;
Everagdnrse—o, 18 s0 epoch trung binh duoc xac dinh 1a trung binh cong trong 100 1an huin
luyén d¢ dat nguong MSE = 0,1 doi voi moi phuong phap; 7e,,uduseos 1 chi phi tinh
toan khi MSE = 0,1 cua cac phuong phap dugc xac dinh la tich cta chi phi tinh toan
trung binh cho 1 epoch va so epoch trung binh.

Bdng 4. Chi s6 hiéu sudt vé thoi gian hoat dong ciia 3 phirong phdp

Phuong phap T nerage/epoch (812Y) EveragdMsE=0, Tompudnrse—o, (&18Y)
SpikeProp 0,0766 53,4 4,1210
RProp 0,0739 13,8 1,0198
2-Stages 0,0721 5,8 0,4225

Két qua cua ting phuong phap duoc thé hién trong Bang 4. Cu thé, T verageepoch CUA
phuong phép két hop 1a nho nhat, trong khi Tveragejepocn €U SpikeProp la 16n nhit.
Tuong tu, chi phi tinh toan cua 2-Stages 1a nho nhét va caa SpikeProp 13 1on nhat, mic

52



Tap chi Khoa hoc va Ky thudt - ISSN 1859-0209

di RProp rat hiéu qua trong cai thién chi phi tinh toan cho SpikeProp nhung van kém
hon 2-Stages. Diéu ndy cho thiy thoi gian hoi tu cia SNN véi 2-Stages 13 ngan nhat.
Duya vao cac két qua so sanh hiéu qua cua phuong phap huan luyén dé xuét so voi
cac phuong phap truyén thdng, phuong phap dé xuét s& duoc tng dung dé cai thién két
qua trong bai toan nhan dang cac tham s khi dong ctia may bay & phan tiép theo.
4. Két qua nhin dang va thio luin
4.1. Uébc lwong trang thdi cdc tham sé chuyén dong ciia mdy bay
Két qua wdc luong trang thai ciia cac tham sb chuyén dong cia mdy bay sir dung
cac phuong phap két hop (ddu cong), ¢ ., — PSP (cham den), va NSEBP (nét dut) dugc
thé hién trong Hinh 6 va 7. Phuong phap huin luyén dé xuit cho thay do chinh x4c va
do tin cdy cao hon thong qua viéc chinh xac hod tham sé chuyén dong ctia miy bay
trong md hinh (1). Cu thé, dudng diu cong bam sat dit liéu bay thuc té (nét lién) tot hon
han so v6i cac duong cham den va dudng nét dit. Hon nita, phuwong phap két hop ciing
thé hién d6 6n dinh cao nhat trong cac phuwong phap. Pang chua y, ddi v6i cac tham sb
®, va a, , ddu cong gan nhu tring khép hoan toan véi duong nét lién, trong khi cac
duong con lai c6 dd sai Iech va dao dong dang ké, dac biét la duong chidm den tuong
ung voi phuong phap ¢, — PSP.

Dit ligu bay
=~ =+ 2-Stages
— — — *NSEBP

g 041 —
2 o3} T ot
2z — — — -NSEBP
g 02 FAR P 7, PSP
0 5 10 15 20 25 30 35 40 o 5 1‘0 15 2'0 Py 3‘0 3‘5 4‘0
Théi gian (giay) Thoi gian (gidy)
Hinh 6. Ket qua woc lwong cac trang thai gom Hinh 7. Két qud wéc luong cdc trang thai
goc tan a (trén), goc chic ngoc ¢ (giia) gom van toc V (trén), gia toc tuyén tinh
va toc dg goc chiic ngoc @y, (duci) a,, (gitka) va gia toc phap tuyen a,_ (dwoi)

trong (1) bang 3 phwong phap. trong (1) bang 3 phuong phap.

Két qua so sanh chi tiét giita 3 phuong phap duoc trinh bay trong Bang 5. Ca ba
phuong phap déu dat do chinh xac turong d6i cao (16n hon 90%) trong viéc xap xi trang
thai cac tham s6 chuyén dong trong mé hinh (1). Cu thé, phuong phap két hop co do
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chinh x4c cao nhat, dao dong tir khoang 95% dén 98%, trong khi ¢ ,— PSP ¢6 do chinh
xac nam trong khoang tir 90% dén 95% va NSEBP trong khoang tir 91% dén 96%.

Bdng 5. D chinh xdc ciia cac két qua wée heong cdc tham sé theo 3 phirong phdp

Phwong phap a ® @,, V Ay a,,
r,— PSP 90,66% 92,83% 92,62% 95,15% 95,14% 95,48%
NSEBP 93,52% 91,24% 93,73% 96,34% 95,56% 96,08%
2-Stages 96,14% 95,93% 98,09% 98,45% 98,69% 98,75%

4.2. Uébc luong cdc dén xudt khi dpng theo mé hinh dé xuit

Duya trén cac két qua udc luong trang thai cta cac tham sé chuyén dong trong
kénh do cao trong Phan 4.1, cac dan xuét khi dong s& dugc xac dinh thong qua mé hinh
cac hé s6 khi dong hoc (2). Mot so do cdu tric cia SNN va ky thuat téi wu hoa
Levenberg-Marquardt (LM) dugc st dung cho bai toan uéc luong cac din xuat khi
dong ctia may bay trong nghién ctru nay, dugc minh hoa trén Hinh 8.

: . i b
SO | wa [T‘“l SNN [ ‘“] Giai
hoa & = ma

Tap dir liéu

‘[ a(i), p(i). o (1), V(i)
[ o), 000), 00, (. V13, (1, 0.(),8,() |

Cp(i), Cp(i),m (1)

a(i), w, (i), 6,(1) ¥(i)

— MO hinh khi dong |

4
6., ] Sai Ky thujt t8i wu héa
Levenberg—Marquardt
- Xacdinh: v(i); R(i); J(9, ); 486,
- Cip nhit: 4, ¥(i)

- Piéu kién dirng: Cramer- Rao

Kiém tra
diéu kién dirng

F

Xac dinh 0

e,
Hinh 8. So d6 SNN-LM dung cho viéc nhdn dang cdc dan xudt khi dong.

Trong céac bai toan t6i uu hoda, mot phiém ham chi tiéu chat luong can duoc xac
dinh. Dya vao 1y thuyét tua thyc cuc dai, mgt ham log-likelihood am theo mo6 hinh
Fisher c6 dang nhu trong [2], [6]:

1 ul T /. -1 . N
-In[L(Y,;0)]= EZV ()R v(z)+?ln2ﬂ|R| (17)
i=l1
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trong do: ¥, =[y(1) »(2) ... p(N)] - tap dit lidu do; i =1+ N - s lugng diém dir lidu do;
v(i)- phan du ciia md hinh, tirc 1a sy khac nhau giira gi4 tri do dwoc va dau ra do
mo hinh sinh ra.

Khi ma tran hiép phuong sai R cta cac phan du di duge xac dinh, thanh phan tht
hai & vé phai cua biéu thirc (17) tré thanh hing sb. Do d6, phiém ham chi tiéu chit
lugng dugc xac dinh nhu sau:

J(@) = %ﬁv(i)R"vT(i) (18)

Qua trinh t6i thiéu hoa phiém ham chi tiéu chit luong (18) bao gdm viée tim cac
gia tri cia tham sd @ . Do sy phu thudc phi tuyén cta ham J(@) vao tham sb 0, qua
trinh t6i uu phai dugc thuc hién theo phuong phéap lip.

Trong nghién ciru nay, k¥ thuat tdi uu hoa Levenberg-Marquardt duoc sir dung dé
t61 thiéu hoa phiém ham chi tiéu chat luong trong biéu thic (18). Phuong phap niy co
thé tan dung cac wu diém cua phuong phap giam do doc nhat khi A 16n va phuong phap
Gauss-Newton khi A nho [33]. Ky thuét t6i vu hoa Levenberg-Marquardt dugc thuc

hién qua ba budc nhu sau:

Buorc 1: Xéc dinh tap vecto tham s6 ban dau 0,;

Burée 2: Cap nhat cac tham sb trong mdi vong lap [33];

Buée 3: Kiém tra diéu kién dimg Cramér-Rao [6]:

Bang 6 cung cap cac dan xuat khi dong dugc nhan dang theo mo hinh hé sb khi
dong (2) tir bo dir liéu bay trong giai doan cat canh ctia may bay Su-30.

Khi cac din xuat khi dong trong Bang 6 duoc thay vao mo hinh hé sé khi dong
(2), cac hé s6 khi dong dugc xac dinh va trinh bay trong cac Hinh 9-11, twong tmg véi
cac phuong phap huan luyén két hop (dau cong), NSEBP (nét dt), 7, — PSP (chim
den), va duoc so sanh véi cac gia tri hé s6 khi dong tinh tir dir liéu bay thuc té (nét lién).

Cu thé, cac hé s6 khi dong thu dugc tir phuong phap huin luyén két hop (dau
cong) 14 chinh xac va 6n dinh nhit trong cac phuong phap. Pic biét d6i v6i hé sd luc
nang va m6 men nang, cac phuong phap NSEBP (né¢t dut), 7, — PSP (cham den) c6 gia
tri sai 1éch 16n hon cac hé sé duoc xac dinh theo phuong phap huin luyén két hop khi so
sanh véi cac hé s6 duoc xac dinh tir dir liéu bay thuc té.
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Bdng 6. Cdc dan xudt khi dong dwoc nhdn dang theo 3 phwong phdp

0 6 (NSEBP) 0 (z, - PSP) 0 (2 - Stages)
cY 0,2139 0,2106 0,2055
ci 0,4203 0,4132 0,4170
o 0,3019 0,2954 0,3109
(o 0,4708 0,4703 0,4622
Cy 0,0801 0,0829 0,0771
cyY 0,1570 0,1625 0,1510
cA 0,1903 0,1880 0,1969
o 0,1397 0,1262 0,1153
Cp 0,1185 0,1203 0,1107
(o 0,0451 0,0487 0,0410
m" 0,3195 0,3115 0,3209
m," 0,0143 0,0125 0,0151
m?* -2,1409 -2,1501 -2,1381
m? -5,3449 -5,3596 -5,3349
m: 2,0793 2,0897 2,1091

Do chinh xac trong viéc xac dinh cac h¢ s6 khi dong hoc dugc trinh bay trong
Bang 7. Céc két qua khong co su thay doi dang ké, khi phuong phap huin luyén két hop
mang lai két qua tot nhat. Cu thé, do chinh xac cua phuong phap dé xuit dao dong tir
96% dén 98%, NSEBP tir 86% dén 96%, va r, — PSP tlir 88% dén 93%. Dic biét, do
chinh x4c ctia hé s6 md men ning duoc xac dinh bang phwong phéap 2-Stage cao hon hai
phuong phép con lai dang ké, tir 8% dén 10%. Diéu nay sé mang lai nhirng loi ich 16n
hon trong qua trinh vin hanh may bay. Cu thé, mdt chiéc may bay duoc thiét ké véi cac
tham s6 chinh xac s& cai thién chat luong diéu khién va hiéu qua nhién liéu.

Bdng 7. P chinh xdc cia cdc hé sé khi dong hoc véi 3 phwong phdp

Phwong phap C, C, m,
r,— PSP 93,44% 95,64% 88,42%
NSEBP 90,35% 96,41% 86,66%
2-Stage 98,87% 97,66% 96,04%
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0.8 -
Dit liéu bay
= = = Thudt toan NSEBP
0.7 ... - Thudt todn t-PSP
—-~+=- Thudt toan két hop
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0.1}
0 M . i i i i . j
0 5 10 15 20 25 30 35 40

Thoi gian (gidy)

Hinh 9. Hé 56 lyc ndng trong giai doan cat canh.
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015 -

01 e

0.05 -
0 Dit liéu bay
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Hinh 10. Hé s6 luc can trong giai dogn cat canh.

Dir liéu bay
+NSEBP
| . d-PSP )
05F3 Thuft todn ket hop
0+
>
g
-0.5 b}
-1 -
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Hinh 11. H¢ s0 mé men ndng trong giai doan cat canh.
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4.3. Xdc dinh khodng tin cdy ciia cdc dén xudt khi dgng

Khi sb luong dir li¢u thu thdp dugc la htru han, viéc st dung k¥ thuat
bootstrapping dé xac dinh khoang tin cdy cua cic din xudt khi dong hoc tré nén can
thiét nhdm dam bao d tin cay va tinh khach quan trong qua trinh wdc luong [27], [28].
K¥ thuat 1dy mau lai dva trén phan du 13 k¥ thuat dugc sir dung trong bai bao nay [28].
Do cac dir liéu tham s6 nhén dugc tir chuyén bay (a(i), ¢(i), o, (i), Vi), C,(i).C, (i).m, (1))

dura trén céac thiét bi do theo phuong phéap gian tiép, do d6, khong thé xac dinh duoc
phan bd xac sudt sai s6 nhan dang. Trong nghién ctu nay st dung ky thuat

bootstrapping v6i viée 1dy mau lai dua trén phan du véi cac gia dinh:
- MAu sai 6 tao ra phai co “trong tam”;
- MAu sai s6 tao ra c6 phan bd déu trong toan by khoang thoi gian.
Khi C,,C, va m, trong cac biéu thirc (1) va (2) duoc xac dinh tir tap dir liu
bay, viéc léy mau lai dugc thuc hién theo cac budc sau:

Bude 1: Tinh céc gid tri trung binh cia C,,C,, i, ;

Bugc 2: Tinh cac vecto sai s6 e, =C,-C,; e, =C,-Cp; e, =m,-m,;

Buoc 3: Tai moi gia tri ciia cac vecto sai sO nay, thuc hién hinh thanh céc gia tri
sai sO md&i tudn theo phan bd chuan véi ky vong bang gia tri nay va sai I¢ch chuan theo

quy tic 3o.

Buoc 4: Khoi tao bo dir 1i€u sai s6 mdi dua trén viéc chon ngau nhién céc gia tri
sai sO ndm trong tung phan bo chudn nay. Thuc hién bootstrapping véi s6 1an lay mau

lai n 1an tay .

Khoang tin cdy 95% cua cac dan xuat khi dong trong Bang 8 duoc xac dinh
bang k¥ thudt bootstrapping dé tao ra cac tap dit liéu bootstrap phuc vu cho danh gia
thong ké. Két qua duoc trinh bay trong Bang 8. Co thé thiy cac khoang tin ciy 95%
cho tat ca cac dan xuat khi dong duoc xac dinh bang phuong phéap két hop (2-Stages)
hep hon so véi cac phuong phap con lai. Qua d6 khang dinh do tin cdy cia cic tham
s6 duoc nhan dang bang phwong phap dé xuét cao hon so véi cac phuong phéap

con lai.
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Bdng 8. Khodng tin cdy cia cdc tham sé dwoc nhdn dang bang 3 phwong phdp

0

0 (NSEBP)

0 (z, - PSP)

0 (2-Stages)

AV
CL

[0,180 : 0,231]

[0,181 : 0,228]

[0,198 : 0,213]

Ao
CL

[0,390 : 0,451]

[0,385 : 0,43]

[0,407 : 0,427]

[0,292 : 0,336]

[0,285 : 0,342]

[0,300 : 0,320]

[0,445 : 0,483]

[0,443 : 0,490]

[0,452 : 0,472]

[0,056 : 0,104]

[0,056 : 0,103]

[0,066 : 0,088]

[0,133 : 0,188]

[0,127 : 0,191]

[0,143 : 0,158]

[0,172 : 0,232]

[0,168 : 0,234]

[0,188 : 0,203]

[0,079 : 0,141]

[0,085 : 0,136]

[0,105 : 0,124]

[0,092 : 0,144]

[0,088 : 0,147]

[0,101 : 0,120]

[0,025 : 0,063]

[0,028 : 0,070]

[0,034 : 0,047]

[0,291 : 0,341]

[0,286 : 0,344]

[0,311 : 0,330]

[0,003 : 0,047]

[0,001 : 0,052]

[0,005 : 0,026]

[-2,175 : -2,116]

[-2,183 :-2,116]

[-2,147 : -2,127]

m

®
y

oy

[-5,368 : -5,314]

[-5,372 : -5,314]

[-5,342 : -5,326]

m

3
y

[2,092 : 2,124]

[2,088 : 2,127]

[2,100 : 2,116]

Hinh 12-14 minh hoa biéu d6 phan bd bootstrap ctia cac dan xuat khi dong tuong

ung v&i hé so lyc nang, hé s6 luc can va hé s6 mé men lyc nang, dugc xac dinh bang ky

thuat bootstrapping.

Céc gia tri trén hai dudng den thang ding 13 gidi han trén va dudi ciia khoang tin

cdy 95% theo k¥ thuat bootstrapping. Khoang giita hai duong den thing ding biéu thi

muc d6 khong chac chin ciia cac dan xuat khi dong. Trong cac biéu do, khoang giéi han

boi hai dudng den thang dimg (2-Stage) hep hon so v6i khoang dugc xac dinh boi do

16n cta cac thanh chiéu ngang cia cic phuong phap con lai: thanh ngang mau xam

(NSEBP) va thanh ngang mau den (z, — PSP ), diéu nay xac nhan rang SNN dugc huin

59



Journal of Science and Technique - Vol. 20, No. 03 (Sep. 2025)

luyén boi phuong phap két hop cung cap cac ude luong dan xuét khi dong voi mic do
khong chic chin thap hon, tir d6 1am cho cac wéc lugng nay dang tin cdy hon so vdi cac
phuong phap huan luyén NSEBP va 7, — PSP.

160

Pl ) = DAz Cls (25 o A O (15
Cls (NSEBP) Cls (NSEEP) s C15 (NSEEF)
140 s Cls (1, PSF) s s (1, PSF) 120 s s 1, PSP)
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Hinh 12. Biéu d6 phdn bé bootstrap ciia cdc dan xudt khi dong ciia hé s6 luc ning.
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Hinh 13. Biéu do phdn bé bootstrap ciia cdc dan xudt khi dong ciia hé s6 lyc can.
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Hinh 14. Biéu do phan bo bootstrap cua cac dan xuat khi dong ciia hé s6 mé men ndng.

5. Két luin

Trong nghién ciru nay, mot phuong phap huan luyén két hop cho mang noron dot
bién duoc dé xuat. Phuong phap nay dugc ing dung dé cai thién do chinh xac va do tin
cdy trong viéc udc luong trang thai cta cac tham sé chuyén dong va cac hé sé khi dong
thong qua cac din xuit khi dong cua may bay. Két qua mo phong cho thiy:

1) P6 chinh x4c cta phuong phép dé xuit trong wdc luong trang thai cta goc tin
cong va tdc ddc gdc chic ngoc duoc cai thign nhiéu nhét 13 5,5% so voi 7, — PSP, vOi cac
tham s con lai duoc cai thién tir 2% dén 3%. Tuong tu, so voi NSEBP thi phuong phap két
hop ndng cao do chinh x4c trong wéc lurgng trang thai ciia goc chiic ngdc va tde do goc chiic
ngoc cao nhat 4,5%, cac tham s6 khac d chinh xac duoc cai thién tir 2% dén 3%;

2) Phuong phap dé xuit di nang cao do chinh xac cua hé sd luc nang so véi
7, — PSP va NSEBP Ién twong ung 5,5% va 8,5%. Tuong tu, voi hé $6 luc can la 2% va
1,2%, hé s mod men nang 13 8,4% va 10%;

3) Do tin ciy cla cac dan xuat khi dong dugc cai thién dang ké, khi vung khong
chic chin cua cac dan xuat khi dong trong biéu dd phan bd bootstrap ctia phuwong phap dé
xudt 14 nho hon khoang mot nira so v6i cac phuong phap ban dau.

Céc uu diém cta phuong phap dé xuat da duoc xac thuc thong qua cac tap dir liéu
thu thap tir cac bai bay thir nghiém thyuc té. Tuy nhién, diéu niy ciing dit ra mot thach
thire khi 4p dung két qua cua nghién ciru nay cho cdc miu mdy bay hodc kich ban bay
khéc nhau.
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Trong cac nghién ctru tiép theo, can thuc hién nhan dang trén cac tap dir liéu thu

dugc tir cac tinh hudng bay khac nhau, trong cac diéu kién bay khac nhau vi du nhu trong

giai doan co dong, giai doan ha canh, ché d6 bay bang hoic Gmg dung phuong phap dé

xuat voi dir liéu mo phong trong didu kién gid ngang +10 m/s. Twong tu, c6 thé mé rong

pham vi Gmg dung sang kénh ngang va kénh tim... Ngoai ra, cic tic gia cling s& tap trung

nghién ctru va xac dinh mot gid tri thoi gian phan ra phi hop c6 thé ap dung cho nhiéu bai

toan khac nhau.
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PROPOSE A HYBRID TRAINING METHOD FOR SPIKING NEURAL
NETWORKS TO IMPROVE THE ACCURACY IN IDENTIFYING
THE AERODYNAMIC COEFFICIENTS OF AN AIRCRAFT

Abstract: This paper proposes a hybrid training method for spiking neural networks to
identify the aerodynamic coefficients of an aircraft in the attitude channel using a nonlinear
model. The proposed training method combines the backpropagation algorithm with adaptive
decay time and the normalized spiking error backpropagation algorithm. This combination
leverages the strengths of both algorithms in updating decay times and synaptic weights. As a
result, it reduces training time and enhances stability during error reduction, thereby improving
the accuracy and reliability of the identified aerodynamic parameters. Simulation results show
that the aerodynamic coefficients in the aircraft’s pitch channel identified using the proposed
method are more accurate than those obtained with traditional methods, and the network
achieves faster convergence compared to using each training method individually. Additionally,
the bootstrapping technique is used to determine the confidence interval for the aerodynamic
parameters. The confidence interval indicates that the proposed method yields more reliable
results compared to the algorithm before the combination.

Keywords: Spiking neural network; spiking error backpropagation; the decay time;
system identification.
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