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Tom tit
Bai bao dé xuat phuong phap nhan dang hé sé lyc nang ciia may bay trong giai doan cat
canh duya trén dir liéu ghi lai tir chuyén bay thuc té, sir dung mang noron dot bién (SNN)
theo mo hinh noron Izhikevich va thuat toan lan truyén nguoc sai s6 dot bién (SpikeProp).
Két qua nhan dang duoc so séanh véi két qua khi sir dung mang Radial Basic Network
(RBN) va nhan dang theo mé hinh hdi quy phi tuyén (NARX), cho thiy d6 chinh xac, do
tin cay cao hon va sb 1an luyén mang nho hon. Két qua nhan duoc 1a co so dé c6 thé &p
dung mang SNN Vi cac md hinh noron va téng hop thuat toan luyén mang khac trong

nhan dang cac hé sb khi dong cua thiét bi bay trong cac ché d6 co dong khac nhau.

Tir khoa: Thiét bi bay; mang noron d@ét bién; lan truyén nguoc sai sé dgt bién; mang RBN;
md hinh NARX.

1. Gidi thidu

Déi vai thiét bi bay, cac hé sé khi dong 1a mot chi tiéu hét sac quan trong, can
phai dua ra ngay tir khi dat yéu cau thiét ké va duoc tinh toan, kiém tra, thir nghiém,
hiéu chinh trong toan bo qua trinh thiét ké va dugc kiém soét trong qua trinh khai thac
sir dung thiét bi bay. Bi voi méy bay dang canh ¢b dinh, luc nang va luc can duoc tao
ra cha yéu nho cac canh; hé sb luc nang va hé sé luc can cé sy anh hudng 1an nhau va
duoc dic trung thong qua hé s6 chat luong khi dong [1]. PSi véi may bay chién dau
tiém kich danh chan dang canh cé dinh, toc d6 leo cao va kha ning co dong la cac tiéu
chi dugc quan tim dau tién va hé sb luc nang khi dong 1a mot tham sé déng vai tro quan
trong trong viéc dat duoc cac chi tiéu nay.

Mo hinh va phwong phap nhan dang d6i véi hé sb luc nang ciia may bay dang
canh cb dinh theo dit liéu chuyén bay ciing rat da dang, cd thé ké dén nhu: M6 hinh
tuyén tinh bac hai véi dau vao 1a nhidu qua trinh, sir dung bo loc Kalman ma rong [2],
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bo loc Kalman mé rong cung véi 1a phang Bryson-Frazier (EKF-MBF) [3], md hinh
da thtrc v6i cac thanh phan 1 ham diéu hoa d6i véi goc tan cong, sir dung phuong phap
tinh toan dong hoc dong chay (CFD) hai chiéu hoic ba chiéu [4]. Bic biét, do c6 tinh chat
X4ap xi t6t, cac md hinh phi tuyén ma mang noron nhan tao (ANN) da dugc quan tam va la
mét cong cu hiéu qua trong nhan dang hé sb khi dong, dan xuat hé sé khi dong [5-7].

Trong giai doan cit canh hoidc co dong chiém linh d6 cao, hé s6 luc ning khi dong
thay d6i kha 16n do su thay ddi nhanh caa mat d6 khong khi, goc tin cong va cua tée do
g6c chlc gdc, khi nay md hinh biéu didn hé sb luc nang phai 13 md hinh phi tuyén va
viéc nhan dang cac tham sb cua mé hinh nay la rat khé khan.

Cac nghién ciru vé tng dung mang noron dot bién SNN trong nhan dang hé sé khi
dong thiét bj bay da duoc quan tdm trong nhitng nim gan day [8, 9] va dd cho thdy
nhitng wu diém nhat dinh vé do chinh xac so véi viéc sir dung phuong phap nhan dang
theo md hinh phi tuyén hoac nhan dang dya trén mang noron nhan tao (ANN) sir dung
cac ham kich hoat dang ham sigmoid hoac ham md [10, 11].

Pé luyén mang noron dot bién nhiéu 16p, mot thuat toan hoc sau dugc thiét ké dé
xéc dinh mot tap hop thoi diém kich hoat mong muén t§ cua tat ca cac noron dau ra, cho
mét tap hop mau dau vao nhat dinh, bang cach str dung mot ham sai s6 danh gia, cu thé la
sai s6 trung binh binh phuong nho nhat dé giam thiéu sai léch binh phuong gitra thoi diém
du ra luyén mang t; va thoi diém dau ra mong muon t [12]. Két qua nhan dang theo
m6 hinh mang noron dét bién vai thuat toan hoc sau cho két qua chinh xac hon o véi md
hinh héi quy phi tuyén NARX, khi phan tich mirc d¢ tuong thich gitta dau ra mé hinh
nhan dang so v&i md hinh hé s6 khi dong va phan du cua hai mé hinh.

Phan con lai cia bai bao duoc té chirc nhu sau: Phan 2 giGi thiéu hé phuong trinh
chuyén dong doc truc caa may bay va md hinh hé sé lyc nang. Phan 3 xay dung mang
SNN v6i mé hinh noron Izhikevich va thuat toan nhan dang SpikeProp. Phan 4 dua ra két
qua md phong va thao luan. Phan 5 két luan, danh gia cac két qua nhan dugc.

2. Chuyén dong doc truc ciia may bay va mé hinh hé sé luc nang

Trong hinh 1 [13] biéu dién hé toa do lién két cia may bay Oxyz va cac ky hiéu:
a, B - goc tan cong va goc truot; V - te do may bay; X,Y,Z - cac thanh phan luc khi
dong trong hé toa do lién két; V,,V,,V, - toc do may bay trong hé toa do lién két;
o, 0,0, - téc d6 goc chuyén dong may bay; M, M, ,M, - md men khi dong trong hé
toa do lién két; S,,0,,0, - goc quay canh lai do cao, canh lai huéng va canh lai ligng.
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Hinh 1. Hé toa dé lién két cia may bay va cac ky hiéu.

Trong giai doan cét canh hozc chiém linh d6 cao, chuyén dong theo kénh doc truc
va kénh bén cua may bay thudng it c6 anh huong chéo nhau va cé thé duoc xem nhur 1a
doc 1ap nhau. Chuyén dong theo kénh doc truc ciia may bay khi nay dugc md ta bang hé
phuong trinh phi tuyén [13]:

VoL cosq- 3> 5 —gsin($—a)
m

m
a=o, —isinoc—q"—scL cos(9—a)

mV m
: 1)
=,
[ = GSba

y y
Iy

trong d6: & - goc chic goc; & - goc tan cong; C,,Cg - hé s6 luc nang, hé sé luc can;
m, - hé s6 mé men nang khi dong; e, - toc do goc chiic ngdc; 1, - md men quan tinh theo
trucOy ; @, - 4p suét khi dong; b, - cung khi dong canh nang; S - dién tich dic trung coa
canh nang; b, - cung khi dong trung binh canh nang; m - khbi lugng may bay.

Céc hé s khi dong C_,C, phu thudc vao cac tham sé khi dong nhur goe tan cong
a , toe do bay V , toe do gdc chic ngdc @, ... ciing nhu cac tham sé hinh hoc cua than

va canh may bay (duong kinh th&n may bay, dién tich canh nang, profile canh, géc miii
tén canh...).
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Céc hé sb luc nang, hé sb lec can va hé sb md men trong (1) duoc xac dinh trong hé
toa do toc do, khi chuyén qua hé toa do lién két, cac hé sb nay duoc xac dinh nhu sau [14]:

X

C, = i(maX- P)
Oy S

C - ma,
q,S
C, = C.sina - C,cosa 2
C,=-C,cosa - C,sinx
1

m, = N0)
©ogsh 7

Trong thuc té, véi chuyén dong cuia may bay trong giai doan cit canh hoac chiém
linh do cao, véi yéu cau nhanh chong dat duoc do cao can thiét nén canh 1ai do cao
thuong dat o gia tri 1on va khong thay d6i, hé s luc nang phu thuoc cha yéu vao su
thay ddi goc tan cong va téc do goc chic goc. Mo hinh hé sé luc ning trong giai doan
nay duoc xac dinh [14]:

b ob ob, )
C.=C, +CL_aAa+CL_wy21/_A+%{CL . (A(;,)ZJFZCL_C(_(Uy [Aa 2</AJ+CL wz( y Aj ]+ (3)

0 0 2\/0
& day: C,_ - h¢ sb lyc nang khi a=a,, V =V,, ®, =0; Aca- gia s6 goc tan cdng so
V6i a=a,; a,- goc tan cong can bang, dam bao cho may bay bay véi téc do V, khong
doi va do cao 6n dinh; b,- cung khi dong canh nang; o, - téc do goc chic ngoc;
C.wCluuiClusC 1C

L_a_oy' L _ay 'L
nang twong tng Vaéi cac thanh phan tao nén lyc nang.
Viéc xac dinh hé sb luc nang tuong tng véi céc thanh phan A« o, theo (3) la

L_a?

i dan xuat dong hoc (aerodynamic derivatives) cua luc

L_oj

rat phtc tap do sy bién thién manh caa cac thanh phan nay. Trong bai bao nay, céc tac
gia dé xuat sir dung xap xi su phu thudc phi tuyén ndy bai mang SNN véi mé hinh
noron Izhikevich.
3. Xay dung mang SNN véi mé hinh noron Izhikevich va thuat toan nhan dang
3.1. M4 hinh noron dét bién Izhikevich

M6 hinh noron dot bién Izhikevich phu thudc vao bén tham sb, c6 kha ning tai
tao hanh vi dot bién va kich hoat cua cac loai noron than kinh vo ndo. Mé hinh dugc
biéu din boi hai phuong trinh vi phan d6i véi dién thé cia I6p mang trude khi dot bién
U va phuc hdi sau khi dot bién 77 [15]:
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du

o = 0-04u” +5u-+140—7+ | (4)
dn

— =a(bu-

ot (bu —7) (5)

trong do, | - dong dién synap dwa dén 16p mang.
Véi viéc dat lai gia tri dot bién phu trg, duoc biéu thi bang phuong trinh:
u=c=C

n=n+d ©

Néu u>30 (milivol)y  thi {
Céc thamséa, b, ¢,d dic trung cho tinh chét ting trudng cua U va kha nang phuc
hoi ciia 77 va duoc xéc dinh cu thé trong [15].

Céu tric SNN theo mé hinh noron Izhikevich duoc sir dung dé nhan dang hé sb
lyc nang may bay duoc thé hién trong hinh 2 [8].

Zow (1+1) Time 4 + _
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7

Hinh 2. Cdu triic SNN theo mé hinh noron Izhikevich nhdn dang hé so luc nang.
Cong thic mé hoa céc bién dau vao thanh thoi diém dot bién va giai ma cac chudi
dot bién dau ra thanh tin hiéu twong ty nhu trong [8]:
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t; (X) =t — round {tmin L z()r::a)x'(_tr;:n—)tmm )J -
o (%J @

trong do: t(x), b, ti VAt 12 gid tri tic thoi, téi thiéu, mong mudn va tdi da cua
thoi diém dot bién; X, X, VA X, 12 gid tri tc thoi, toi thiéu va téi da ciia céc bién dau vao.

Vecto dau vao mang Ugy, (0)=[(0),.9(0),»,(0),V(0),C_(0),C,(O)]" tai thoi
diém ban dau t=0. Vecto dau ra dich cia mang la du bao mot busc z(i+1) dbi voi
cac tham so chuyén dong cua may bay: zg, (i+1)=[a(i+1), (i +1), e, +1),V([i+1)] .
3.2. Thugt toan hec sau SpikeProp

Trong thuat toan lan truyén nguoc sai s6 dot bién [8, 16], cac thoi diém kich hoat
dau ra to: ddi Vi timg noron j xac dinh khi dién 4p dau ra cia cac noron 16p i dat mic
ngudng (U(tw) = Ung). Hinh 3 biéu dién thoi diém kich hoat cia noron theo mé
hinh Izhikevich.
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Hinh 3. D6 thj biéu dién thoi diém kich hoat khi u(t)=u,,.
Luu d6 tong quan cho thuat toan lan truyén nguoc sai sé dot bién nhu hinh 4.
- DPoi Véi lop dau ra
+ Xac dinh ham sai sd gitta thoi diém kich hoat mong mudn va thuc té:
18 2
E= =9 (t?-t¢ 9
PACE) ©)

trong do: t - thoi diem kich hoat thyc té; t} - thoi diém kich hoat mong muon;
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+ Khi lan truyén nguoc sai sd, tinh toan thay doi trong sé lién két:

oE
AW =—p—— (10)
] k
OW;
V6i 4 - tde dd hoc; W - trong s6 ciia lién két K tirnoron i dén j.
Cac thanh phan trong biéu thtrc (10) dugc xac dinh nhu trong [8].
Bit diu
Nhip dit liéu diu vao
Uswx(0); Zswx(i+1)
Khéi tao trgng so ban dau
v v
M3 héa M3 héa
théri gian thoi gian
|
v
N MB& hinh
’—' Izhikevich
Cép nhit
trong s6 W
Kiém tra sai
s6 E<Eq
Giai ma chudi
d6t bién diu ra
Hinh 4. Luru d6 tong quét thugt toan nhdn dang hé s luc nang.
Nhu vay, d6i voi l6p dau ra, quy tic diéu chinh trong sé nhu sau:
1
k k d k
AW =—LLY; (t?)(t?'tj ) IR =—HY (t?)é‘j (11)
D2 wi () at)

i=1 k=1
- Péi véi l6p an
Pé lan truyén nguoc sai so trong cac 1op an, sai s6 di ddi véi timg noron trong 16p
i vai thoi diém kich hoat thuc té t2 :
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ot oE ot iaE ot oui(t) ot & . ouy(t])

P = I a a I a a a a a Zé‘J a (12)
ou (t7) ot ou () = ot auj(tj) o ou; (t7) 45 ot
Nhu vay, ddi vai 16p an, quy tic didu chinh trong s6 nhu sau:
& K ayik tF
e 3w 2 0)
AW = —nyy ()6, = —n——/—— i (13)
D W (v, () / at)
h=1 I=1

4. M6 phéng va thao luan
4.1. Dir ligu phuc vu nh@n dang

Véi myc dich nhan dang hé s6 luc nang cho mot dang may bay trong giai doan cat
canh, bai béo sir dung bd tham sé theo thuyét minh k¥ thuat caa may bay Su-30MK2.
Céc tham s6 k¥ thuat va kich thugc hinh hoc co ban cia may bay Su-30MK2 phuc vu
cho nhan dang hé sé luc nang nhu sau [17]:

- Lyc day dong co: P = 74600 N

- Khéi luong may bay: m = 24900 kg

- Dién tich dic trung canh nang: S = 65 m?

-Saicanhnang: | =14,1m

- Gia toc trong truong: g = 9,8 m/s?

- M6 men quan tinh tryc Oy : I = 62010 kg.m?

- Cung khi dong canh nang: b, =4,6 m

pV?

- Ap suit khi dong: q, = , trong d6 mat do khdng khi p thay d6i twong Gng

V6i sur thay doi do cao 450 - 5000 m; téc d6 méy bay thay doi 0 - 690 my/s.

Tham s6 phuc vu nhan dang trong giai doan cit canh nhan duoc tir bo ghi dir lidu
chuyén bay dugc giai ma va doc lai sau mdi ban bay, bao gém: goc tin cong «, goc
chiic géc 9, tde do goc chlic géc @,, goc léch canh 1ai d6 cao s, gia toc may bay theo
truc diing a, va truc doc a, [18]. Cac tham s do duoc ndy twong ing Voi:

- b6 cao bay: H =267 - 3000 m;

- Téc dd may bay: V =0 - 537 m/s;

2

o V
- Ap suét khi dong: q, =2 .

N/m?, thay d6i véi tbc d6 may bay va mat do
khong khi tai d6 cao twong ung.
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4.2. Két qud nhdn dang

Qué trinh tinh todn nhan dang dugc viét theo chuong trinh va Toolbox
Identification ctia phan mém Matlab. Két qua nhan dang hé s6 lyc nang sir dung SNN véi
mo hinh noron Izhikevich (hai 16p 4n, 16p thtr nhat 20 noron, 16p tht hai 10 noron) duoc
so sanh vé6i két qua nhan dang khi sir dung mang noron RBN va khi str dung mé hinh hdi
quy phi tuyén (NARX). Két qua dugc sir dung lam quy chiéu danh gia két qua cac mod
hinh nhan dang hé s luc nang dugc xac dinh theo cac tham ) ghi lai theo chuyén bay va
cac cong thuc (1) va (2).

Mang RBN sir dung 100 noron, spread dugc chon bang 0.1.

Tham s6 mo hinh NARX dugc cho trong bang 1.

Bdng 1. Tham s6 mé hinh NARX

MG hinh héi quy phi tuyén NARX: Cic diu vao: Piu ra:
2 dau vao va 1 daura ul=Aa; U2 =0, y=C_
Béc hoi quy tiéu chuan Céc thanh phan hdi quy Phan ti phi tuyén:
na = [2] phi tuyén: Mang wavenet
nb=1[2 3] ul(t-1) u2(t-1) Vi 17 don vi
nk =[1 1] ul(t-2) u2(t-2)
u2(t-3)

Mang SNN véi noron theo mé hinh Izhikevich ¢6 hai 16p 4n (16p thir nhat 20 noron,
16p thir hai 10 noron); cac tham sé dugc chon a = 0.02; b =0.3; ¢ = -65 (miliVolt); d = 1.8.

Két qua nhan dang khi sir dung mang RBN, md hinh NARX va mé hinh SNN so
véi két qua tinh toan theo dir liéu chuyén bay va cong thirc (2) dugc thé hién trén hinh
5, 6va’.

Viéc danh gia chat luong nhan dang hé sé lec nang caa md hinh SNN so vai khi
str dung mang RBN va md hinh phi tuyén NARX théng qua chi s6 d6 phu hop (best fit),
sai s4 trung binh binh phuong (MSE) va sé vong lap tinh toan (epochs).

- Khi str dung mang RBN: MSE = 51-10 sau 100 epochs;

- Khi str dung mo hinh NARX: Best fit = 82,91%; MSE = 1,7-10'4;

- Khi sir dung mang SNN: Best fit = 90,27%; MSE = 0,57-10 sau 25 epochs.
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Simulated Response Comparison
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Hinh 5. Két qua nhdn dang khi sir dung mang RBN.

Simulated Response Comparison

Flight Data
SNN

€, (SNN)

0 ‘ ‘ ; ‘ ‘ ‘ ; ; ‘
0 5 10 15 20 25 30 35 40 45 50 55
Time (seconds)
5 X 102 Error Between Flight Data and SNN
| ﬁ 11
\ ) S I H Y | u\r
0 ﬂf&“.a, Ao g ‘“\ A A N lu . \. J 'ﬂ \ln v‘\- N
ATV VI \ w" U [ ‘ i/
‘\|' | iV | |‘ w” \
! Best fit: 90,27%
'ﬁ MSE: 057.e4
5 ‘ , ‘ ‘
0 10 20 30 40 50 80

Time (seconds)

Hinh 7. Két qua nhén dang khi si dung
mang SNN véi mé hinh novon Izhikevich.

Simulated Resp: Comparison
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Hinh 6. Két qua nhdn dang bang md hinh NARX.

Compare Performance Between RBN and SNN- Goal is e-4
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Hinh 8. Hiéu sudt thuc hién
gizza mang SNN vai RBN.

Do tin cay cac két qua nhan dang hé sé luc nang dugc thuc hién thong qua danh

gi4 ham ty twong quan cua sai s6 nhan dang va ham twong quan sai s6 nhan dang so Véi
cac bién dau vao [19]. Trén hinh 9 biéu dién cac ham nay ddi véi mod hinh NARX (bén
tréi) va mo hinh SNN (bén phai). Nhan thdy ring, véi cing do tin cay 99%, gia tri cac
ham nay khi str dung SNN v&i mé hinh noron Izhikevich ¢6 gia tri nhd hon ddi véi md

hinh NARX.
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NARX

Residue Correlation Residue Correlation
AutgCorr XCorr (u1) XCorr (u2) AutaCorr XCorr (u1) XCorr (u2)

==
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Lag Lag

Hinh 9. Ham tu tuwong quan va ham twong quan khi nhan dang:
Véi mé hinh NARX (bén trai); Khi sir dung SNN mé hinh noron Izhikevich (bén phai).

5. Két luan
Véi cac két qua nhan duoc trong phan 4, nhan thay rang:

- Nhan dang hé s6 luc nang caa may bay trong giai doan cit canh khi sir dung
SNN theo mé hinh Izhikevich c6 do phtl hop cao hon khoang 7% va MSE nho hon 3 1an
so0 voi md hinh NARX;

- S6 1an luyén mang khi st dung SNN theo mé hinh Izhikevich nho hon 4 lan,
nhung van dam bao sai s6 nhd hon so vai str dung mang RBN;

- P tin cay cua két qua nhan dang SNN theo mé hinh Izhikevich cao hon so Vi
md hinh nhan dang NARX.

Cac két qua nhan duoc trong bai bao nay dua trén cac dit liéu duoc ghi lai tur
chuyén bay trong giai doan cat canh ciing nhu theo mo hinh hé s6 luc nang (3). Bé c6
thé dua ra két qua nhan dang mét cach xéac thuc hon, can phai thuc hién trén céc giai
doan bay khéc (bay bang, co dong do cao) va phai tinh dén chuyén dong liéng cua
may bay.
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LIFT COEFFICIENT IDENTIFICATION OF FLYING VEHICLE

DURING THE TAKE-OFF STAGE BY USING THE SPIKING NEURAL
NETWORK ACCORDING TO THE NEURAL IZHIKEVICH MODEL
AND DEEP LEARNING SPIKEPROP ALGORITHM

Abstract: This article proposes a method to identify the lift coefficient of a flying vehicle
during the take-off stage based on the data recorded from the actual flight, using the spiking
neural network (SNN) according to the Izhikevich neural model and the spiking error
backpropagation algorithm (SpikeProp). The obtained results are compared with the identified
results when using the Radial Basic Network (RBN) and the identification by nonlinear
regression model (NARX), showing higher accuracy, reliability and number of network training
times less. The obtained results serve as a basis for applying SNN models and synthesizing other
network training algorithms in identifying aerodynamic coefficients of a flying vehicle in
different maneuvering modes.

Keywords: Flying vehicle; Spiking Neural Network; SpikeProp algorithm; Radial Basic
Network; NARX model.
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