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TOM TAT

Bai bdo gi6i thiéu phwong phdp nhan dang dong thoi nhiéu théng sé khiém khuyét cia hé
thong dwoc mé ta béi phwong trinh dao ham riéng bdc hai véi phirong trinh truyén nhiét la
Mot vi du. Theo do, mot nguon nhiét di dong trén bé mat mét tam nhém dwoc xem xét véi mét
nhém cam bién cé dinh dat trén khu vuc khdo sat d@é do sw tién trién cua nhiét dg theo thoi
gian va khong gian. Viéc glaz bai toan nguoc nay doi héi cac div liéu dau vao phal t6i wu dé
giam thoi gian tinh todn bang viéc logi bé cdc gia tri do dac Cua cdc cam bién khong hitu
dung. Mgt giai thuat lva chon cam bién dwrge dé xudt két hop véi phirong phap gradzentphol
ngau dé giip nhan dang hiéu qua. Hon nira, giai thudt ldp ciing duoc hiéu chinh bang viée dé
Xudt gidi thudt lya chon ciza sé chdp va trueot linh hoat d@é toi wu thoi gian nhdn dgng. Nham
gitip danh gia hiéu qua Cua phwong phdp dé xuat, gid tri nhiét dé do dac Véi tac dong boi cac
nhiéu tudn theo ham phan phéi chudn Gauss. Két qua cho thdy phwong phdp dwoc dé xudt co
kha nang nhan dang tot ham mdt dé dong nhiét va quy dao di chuyén véi dé tré thap va sai sé
ddp ing yéu cdu dat ra.

Tir khéa: Bai toan nguoc; nguon nhiét; nhdn dang théng so; phwong phdp gradient phoi
ngau; phwong trinh dao ham riéng.

ABSTRACT

The paper introduces the method of simultaneous identification of multi unknown
parameters of the system described by the quadratic partial differential equation with the heat
transfer equation as an example. Accordingly, a mobile heat source on the aluminium plate is
considered with a fixed group of sensors located on the survey area to measure the evolution
of temperature over time and space. Solving this inverse problem requires optimal input data
to reduce computational time by eliminating the measurement values of useless sensors. A
sensor selection algorithm is proposed in combination with the conjugate gradient method for
effective identification. Moreover, the iterative algorithm is also corrected by proposing a
flexible shutter and sliding window selection algorithm to optimize identification time. In
order to help evaluate the effectiveness of the proposed method, the measured temperature
value with the effect of disturbances follows the standard Gaussian distribution function. The
results show that the proposed method has good ability to identify the function of heat flow
density and trajectory with low latency and error to meet the requirements.

Keywords: Heat source; identification; inverse problems; conjugate gradient method; partial
differential equations.
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1. PAT VAN PE

Trong thuc té, cac hién tuong vat ly
thudng gap déu c6 thé moé hinh héa bang
phuong trinh toan hoc bdi mot hé phuong
trinh vi phan ting phan bac hai (parabol)
hoac bac ba (hyperbol). Bac biét 1a cac hién
tuong vat 1y lién quan dén thoi tiét, dam chay
ring, vét dau loang trén mit nudc bién, viéc
xa thai cua cac khu cong nghiép. Trong bai
bao nay, tac gia sir dung phuong trinh truyén
nhiét tong quat trong vat din nhu mot vi du.

Nghién ctu dwoc dé xuat nham phat
trién mot phuong phap dé nhan dang dong
thoi nhiéu thong sb bat dinh cua hé théng bat
ky dugc mo ta bdi phuong trinh dao ham
riéng dya trén phuong phap gradient phdi
ngau Voi viéc st dung nhom cam bién hiu
dung [1, 2]. Cac cam bién nay duoc xéac dinh
nho vi tri caa nhom cam bién ¢ dinh dugc
thiét 1ap tai khu vuc di chuyén cua ngudn
nhiét bang mot giai thuat dya trén moi quan
hé gitra vi tri ngudn nhiét va cam bién. Viéc
nay nham giam thoi gian tinh toan cua hé
thong.

Vin dé giai bai toan nguoc cta hé thong
dugc mo ta bdi phuong trinh dao ham riéng,
cu thé 1a qué trinh truyén nhiét dugc dé xuat
mot cach khong déy du boi Hadamard voi
viéc giai bai toan bang phuong phap lap [3].
Phuong phap gradient phdi ngau (CGM)
duoc s dung dé tdi thiéu hoa sai léch bang
ky thuat lap va chung to day 1a phuong phap
6n dinh dé udc lugng cac thong sé [4]. Han
ché cua cac nghién clru nay la chi nhan dang
riéng 1¢ timg thong sd. Trong khi, viéc truyén
nhiét trong khong gian da chiéu rat phuc tap
nén lam cho moé hinh toan cua hé théng tro
nén cong kénh va mat nhiéu thoi gian dé xir
1y [5, 6]. DBé cai thién hiéu ning cua phuong
phap, mot giai thuat lap c6 hiéu chinh duoc
dé xuat d& nham rat ngan thoi gian tinh cua
qua trinh nhan dang cac thong so bat dinh
cua hé thong can xem xét [4], [5], [7].

Theo d6, nghién ciru nay s& dé xuat mot
giai thuat dé wéc luong thong sb bat dinh cua
hé thong dua trén phuong phap gradient phdi
ngdu dé nhan dang mot cach day du theo

huéng cua Hadamrd két hop voi giai thuat
lra chon cam bién tdi wru va cira s6 trugt linh
hoat [6, 8, 9]. Céu truc cia bai bao nay bao
gom: mo ta hé thong thuc nghiém, mo6 hinh
toan cta vin dé bai toan nguoC dya trén
phuong phap CGM, phuong phap cira sb
trugt két hop véi giai thuat xac dinh cam
bién t6i uu s& duoc gigi thiéu trong phan noi
dung nghién cau. Cudi cung la két qua
nghién ctru, thao luan va phan két luan.
2. NOI DUNG NGHIEN CUU
2.1 M@ ta h¢ théng

Viéc nghién ctru va moé phong qua trinh
truyén nhiét tong quat duoc thuc hién bang
viéc xay dung mot mo hinh thi nghiém cho
phuong phap nhén dang da dé xuat. Theo do,
gia thuyét rang mot ngudn nghiét di dong co
ham mat do ¢(t) di chuyén theo quy dao
I(t) trén bé mat mot tim nhom hinh vuong
c6 kich thudc canh bén L va do day la e.
Giéi han bién cua mién lam viéc duoc ky
hieu 6QeR? [7, 10, 11]. N6 dugc dbt nong
boi nguon nhiét duoc gia dinh bang dia dong
chdt D(I(t),r) c6 tam I(t) va ban kinh
.

Ham phan bd nhiét do cua tim kim loai
G(X, y,t) 1a ham lién tyc theo khong gian va
thoi gian dugc tinh bang Kelvin. Bién sé
khong gian cua hé théng (x,y)eQ dugc
tinh bang mét va bién sd thoi gian 1a teT
dugc tinh bang gidy. Gia dinh rang cac gia tri
cua cac thong so cua hé thong dé xay dung
cho mo hinh thi nghiém déu biét trude va
duoc liét ké trong Bang 1.

Quy dao di chuyén cua nguon nhiét duoc
mod ta nhu Hinh 2. Bong thoi, ham mat do
dong nhi€t cua cac ngudn dugc cho boi ham
cO6 do thi duoc thé hién nhu Hinh 3. Biéu
thec ham mat do cong suat nhiét tong cua
nguén (X, y,t) d& dét nong tdm nhom
thuc nghiém duoc dién dat nhu sau:

(% y1t)_{¢(t) khi (x,y)eD

|0 khi (x,y)eD @
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Theo mot cach khdc, bieu thuc o(X,Y,t)
con ¢6 thé duoc biéu didn mot cach lién tuc
va kha vi dudi dang ham tong hgp cua cac
ham mat d6 thanh phan theo bién thoi gian
va theo céc toa do trong khong gian nhu sau:

[40]

P(x y.t)= arccot(é(x, y.t)—nr) (2

voi 0 Y1) =y (x=x ) + (Y- Y. ®))

n-1
duoc chia ra thanh n doan T =UJt,t,,]
i=0
Véi
dinh nghia boi z=T/n. D¢ tranh lam mat

tinh tong quat, phuong trinh quy dao cua tat
ca cac vi tri dinh vi bat ky cua cac ngudn

nhigt 1(x,(t),y,(t)) cling dugc thanh 1ap lai
dudi dang cac ham r(‘)‘i rac mot cach tuyén
tinh va duogc viét lai bang cach st dung cac

t =71 va budc chia roi rac hoa dugc

o . ham nén co ban s'(t) voi i=0,1,...,n
Trong do, hé so neR" duoc chon
nham muc dich roi rac héa ham mat do dong
nhiét lién tuc. Khoang thoi gian T c6 thé

SiH4
So S Sy Sia Si Si+1 Spa Sn
1
T 27 37 ' ' T ' " (n-1) nr >t[s]
>

Hinh 1. Biéu dién ham non co ban

Ham mat d6 dong nhiét dugc dién dat lai
boi (t) = ¢'s' (t) va quy dao di chuyén cua
ngudn nhiét ciing duoc dién dat lai boi
X (1) =x%8'(t), Y, (t) =y.s'(t).

2.2 Vin dé thuan

Néu tat ca cac thong sb dugc biét trong
bang phu luc, su tién trién cﬁa’nhiét do6 trong
khong gian va thoi gian la két qua nghiém
cua phuong trinh dao ham riéng bac hai:

220 _now)=pPw) Vo

0(x,y,0) =6, v(x.y)  (3)
_ﬂm =0 Yo
on

voi (0) = (X, y,t), P(U)ZM va

0%0(v) 820(0)
aXZ ayZ
cua nhi¢t do theo khong gian va thoi gian.
Trong phuong trinh trén, diéu kién dau cua

AG(L) = la toan tir Laplace

phuong trinh vi phin dugc xem la nhiét do
ctia mdi trudng xung quanh.

O.ZW
0.1] =] \
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4
%10
\—Real flux + Flux to be estimated -=- Initial flux[

VAN
4 N\

w
3]

w

N
o

/
W

]D 500 1000 1500
Time [seconde]

Hinh 3. Quy dao di chuyén cua nguon nhiét
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Diéu kién bién phuy thugc vao ham mat do
dong nhiét va hé s6 ddi luu nhiét ty nhién h.
N6 rat kho do dac truc tiép va thuong duogc
xac dinh thong qua kinh nghiém hodc mé hinh
va dugc chon sao cho d§ nhay ham phan bd
nhiét do thay ddi it nhat so véi su bién thién
cla cac thong sé khac cua hé thong.

Két qua s6 thu duoc nho st dung phuong
phép phan tir hitu han (FEM, Finite Element
Method) thyc hién trong phan mém COMSOL
MultiphysicsTM duoc nhiing vao phan mém
Matlab® [12-18]. Qua trinh phan bd nhiét do
trén tAm nhoém theo thoi gian duoc thé hién tai
cac thoi thoi diém nhu Hinh 4.
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Dé danh gia do tin cay cia mo hinh toan
dé xuat dé don gian héa phuong trinh truyén
nhiét trong khong gian hai chiéu, 25 cam
bién nhiét C dwoc dit ¢ dinh trén tm kim
loai nham muc dich thu thap dir liéu nhiét do
cua diém dat cam bién trong subt qua tinh
thuc nghiém. Hon nira, dé danh gia anh
huong cua cac sai sd trong qua trinh do dac,
gia dinh rang nhiét d6 thu thap tir cac cam
bién da bi tac dong boi cac nhidu, tuan theo
ham phan phdi xic sudt Gauss N (u.c”)
voi gia tri trung binh =0 va do léch
chuan o =1.
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2.3 Phwong phap gradient phéi ngiu
2.3.1 Ham muc tiéu

Pé nhan dang ham mat do dong nhiét
¢(t) Xét réng “nhiét do do” QA(Ck 1) taivi tri

duoc thiét lap va giai nghle;m bang viée tbi
thi€u hoa mot ti€u chuan bac hai:

=%]‘kzn:(9(ck,t,go)—é(ck,t))2 dt 4)

Trong phan tiép, theo, viée thiét 1ap mo
hinh todn cua cac van de s& duoc gioi thiéu
nham tinh toan cac thong so trung gian cua
phuong phap nhén dang thong so bat dinh hé
thong dua trén phuong phap CGM.

2.3.2 Vén dé dj nhay

Xét rang d6 thay d6i cona nhiét do
00(x,y,t) duoc sinh ra bagi su thay doi cua
mat do dong nhiét tong dwoc cho boi:
o (%Y, t)=0(x y,t)+ep(x,y,t). Nén:

50(x,Y, t)—llm(éﬁ(x’ y,t)g—e(x,y,t)j (5)

-0

V6i 0" (X, y,t)—0(X,y,t)=ed0(x, y,t).

Van @& d6 nhay cua hé théng duoc mé ta
boi hé phuong trinh sau:

056(0)
C
PP

—AA60(v) = 6P(v) Vv

v(x,y) (6)
=0 Yo

00(x,y,0) =06,
060(v)
on

-4

op(v) —2ho6(v)
€

V6i SP(v) =

Trong d6, sy thay dbi cia ham mat do la:

dp(v) Jp(v)
op(v) =——— 260 op(t) + 710 sit) ()

Két hop véi phuong trinh (2), ta co:

a¢_(’))5¢(t) 541()

260 arccotan (&(v) —nr) (8)

7, =Argmin ] (6’ gok l)

Z(p((u)) 5%,(1) = H)(x- %, ®)dx,1)  (9)

op(v)
oy, (t)

6y, (1) =H@)(y -y, )y, () (10)

ng(t)
E)r| 1+ (E(v)—nr)?

T o, suy ra:
Sp(v) = 5¢(t) ——=-~arccot (& (v)—nr)

+H(U)((X— X, ()%, (1) + (¥ -y, (1), (1))

Nghiem cia phuong trinh (6) cho phép
xac dinh gia tri thay d6i cua gid tri nhan dang
cua cac thong sb dbi vai chu ky ké tiép va
duoc tinh dua trén sy thay doi cia ham mat
d6 tong tai vong lap tha k, nhu sau:

véi H(v) =

(12)

—k+l  —k —k+1

o = —ytd, (12)

Trong do, dai luong }/;” duoc xac dinh

nho vao viéc toi thiéu hoa ham muc tiéu véi:

J =%]Zn:(eck (t,ék“)—éck (t))2 dt

0 k=1

(13)

pat do() =0, (t, éku) _ éck (t), tir d6 suy ra:

0, (t, ng”) =0, (t, pe ) — 50, (t, Zpk) (14)

véi 50, (t,&k) la su thay déi cua nhiét do

sinh ra tr sy thay d6i ciia ham mat do dong
. Y , . —k+1l

nhiét trong chiéu hudng thay doi d, . Thay

thé céc gia tri vao phuong trinh (12) va khi

do, gia tri 7, duge xac dinh bgi:

k+1 (15)

yeR
Pong nghia vé6i viéc giai phuong trinh
a7 (e, Zok”)

—— =0, c6 thé duoc viet dudi dang:

o7,

(7476, )-8, )d60) dt =0 (15)

k=1

O ey —
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Giai phuong trinh nay, ta nhan dugc do Ion
ciia hé sb thay doi y," cho chu ky k+1:

]Zn:de(t)ae (t)ct

e (1
| (5eck (t)) dt
0 k=1

Viéc xac dinh cac gia tri cho quy dao
cling dugc xac dinh mét cach tuong tu. Hon
nira, viéc giai van dé do nhay phu thudc vao
vector chiéu thay d6i cho vong lap ké tiép va
dugc xac dinh boi van dé phu tro.

2.3.3 Vin dé phu tro

Vector chiéu thay doi d:,+1 cua gia tri
can nhan dang dugc xac dinh thong qua cac
gradient cia ham muc tiéu cho mdi vong 1ap
cua giai thuat tdi thiéu hoa duoc xac dinh boi:

vio| . A.A Vi=12,..n (18)
0p' Ox, Oy,

Pé lam dugc diéu nay, cong thirc Lagrange
(6(v),p, ) duogc dinh nghia:

(O©).p.p) = I(OW). 0) + | | Aw)ydQt

(19)

00(v)

voi A(v) = pc——= - 1A0(L)—P(v) .

Két hop voi phuong trinh (3) va ham s
nhan w(v)duoc lua chon va xac dinh sao

cho  2U0W), 0.y (V) 56(0) =0

T
80( ) va la
nghiém cua van dé phu tro sau day:
oC 6‘250) -AAy(L)=E(@®) Vv
Sy (x,y,0)=0 V(X,y) (20)
PRLAC Vo
on

Véi E(v) = Zn:de(t)éD (%, Y., ) +2hy (v) /e

va é‘D(Xck’ yck)zé‘D(X_Xck)é‘D(y_yck) la

ham phan phdi Dirac. Cudi cung, w(v) la
két qua ctiia vin dé vira néu va khi d6 ta c6:

SU(O(x,Y,1),D,p) =33 (B(x, y,).0)  (21)
Tu phuong trinh (21) ta co:

W—H O

t

VI, =- j j H(u)m(x—xs(t))six (t)dQdt (23)
) 0Q € )

arccot (&(v) —nr)dQdt (22)

VAR j [ H(U)M(y—ys(t))siy ()dQdt (24)
0Q e :

T nhitng cong thirc cua gradient trén,
chiéu hudng tang gidm s€ dugc ude luong cho
moi vong ldp maéi boi:

T30, [Vie.s -
[Vi@.s)|
voi ¢={p,X,Y,} va || 1&a module chuan

Euclidean. Dua cac két qua trén, gia tri du
bdo cua ham mat d§ dong nhiét va quy dao
cuaa nguon nhiét di dong dugce xac dinh boi :

M) =g () —yidf vei ¢ ={p, X, Y.} (26)

T mo hinh toan hoc dugc dé xuit cho
van dé nghich nhu trén, tic gia dé xuat c6 thé
nghién ctru anh huéng 1an nhau vé toan hoc
gitta cac bién sd khac nhau cua hé théng
bang viéc lay dao ham riéng ciia ham duoc
mo hinh héa cua hé thong. Ngoai ra, can phai
tinh dén tac dung ddi luu va dan nhiét cua
nhiét trong mién khao sat. Sau khi xéac thyc
md hinh ndy, tic gia co thé khai quat hé
théng tir mot s6 nguoén hoac suy luan cho mot
sb truong hop cu thé bang cach loai cac dit
licu gay bét lgi (nhu 1a dé xac dinh mat do
dong nhiét riéng, xac dinh quy dao di chuyén
ctia nguon nhiét hoic xac dinh dong thoi cap
mét d6 dong nhiét va quy dao di chuyén cua
ngudn).

Trong phan sau, 4p dung phuong phap
nhan dang truc tuyén dua trén thuat toan lap
chinh quy cua gradient lién hop str dung mang
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cam bién cd dinh dé xac dinh cac thong s6 cua
hé thong thong qua cac bai toan nhu sau:

(1) Nhan dang #(t)
(2) Nhan dang 1(x(t), y(t))
(3) Nhan dang ¢(t) & 1 (x(t), y(1))

2.4 Nhan dang thong sé bang cira sé truot
két hop giai thuat xac dinh cam bién
tdi wu
Trong nghién ctru [16,17], céac tac gia da

nghién ctru sy quan tdm vi¢c thich ing phuong
phap gradient lién hop gan dung voi nhan dang
thong s6 dua trén phuong phép ldp. Thoi gian
tinh todn phu thudc quan trong vao do phure tap
cua mod hinh va do d6 lugng dir liéu nhap vao
thuat toan. Pé co két qua theo cach gan nhu
truc tuyén, tac gia dé xuit viéc chon sb luong
dir liéu t6i uu, hay xac dinh khoang thoi gian
t6t nhat cho mdi quy trinh nhan dang 13 can
thiét (xem Hinh 6). Thay vi chay giai thuét
nhén dang trén toan bo khoang thoi gian thyuc
nghiém thi giai thuat lya chon khoang thoi gian
t61 uu trong ctra s6 chap va do 16n cira s6 niy
c6 thé thay ddi mot cach linh hoat. Do d6, viéc
nhan dang gan nhu chay truc tuyén nay dua
trén cac clra s thoi gian chap va truot.

/ /

Bét dau

Poc dix liéu nhiét do
=1 &Ar=1

v
Thir do 16n caa sé chap
T =[r .7, +At]
v

Tinh toan gia tri ham muc tiéu

5(0.0)= 33 (00 (10)-0. (1)) a

Cira s chap

I =[r .7 +At]
v

Két thuc

Hinh 6. Gidi thudt xdc dinh cira sé chap

Ap dung thuét toan udc luong gia tri cla
thong s0 & moi khoang thoi gian chdp duogc

chon dé x4ac dinh co ban nhu sau: (1) mat do
ctia ngudn nhiét, (i) quy dao ctia ngudn nhiét.
Thuét todn nay lip lai cho dén khi diéu kién
dimg giai thuit dugc théa man. Luu dd sau
day cho thiy cac budc ciia quy trinh xac dinh
cap mat do va quy dao ciia mot ngudn trong
khoang thoi gian.

Gidgi thudt nhdn dang treec tuyén CGM

Buwéc 1 : Thiét lgp thong sé
*  Xdc dinh cua chdpT, =[ 7,7 .
= Vector trang thai: ¢*°(t),1*°@t); p*°=0
= Mode F(g;(t);1(x; (), y;®)) . k=1.
Buéc 2 : Thyc thi gidi thugt
while
> Vin dé thugn va ham muc tiéu
*»  Nap dit ligu cam bién 6(C,.t,4* (), 1%)
»  Tinh ham muc tiéu (¢ (t);1%(1)).
If (3 <Jgp II1k= N Ity > %)
Két thiic gidgi thugt
> Vin dé phu tre va gradient
= |f (mode==1)
VI¥=vi¥ vei VIF=0, sI(t)=0.
Else
VI“=VI¥ véi VIE=0, 54(t)=0.
= Tim vector huong
d*i=vi 1k d*
> Vin dé dp nhay va dj thay doi
= Tinh gia tri 549(X, y,t) voi huong det
» Tinh y**'=Argminl (VyeR").
> Udc luong gid tri
= If (mode==1)
Pt =g+ W va mode =0.
Else
I k+1 — I k

+

7 dt va mode=1.

= B“'=0 va k<k+1 :véBuoc2.

Cac giai phap tinh toan s6 dugc trinh bay
trong bai viét nay dugc dua trén phuong phap
phan tir hitu han v6i phin mém COMSOL
MultiphysicsTM dugc nhiing trong phadn mém
Matlab®. Két qua cua vi¢c nhan dang dugc
trinh bay trong phan sau.
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2.5 Két qua va thao luan

Muc dich cta nghién clru nay la udc
luong gia tri ciia cac thong sd hé thong dugc
mo ta bdi phuong trinh dao ham riéng, g
dung cho phwong trinh truyén nhiét trong
khong gian 1a vi du. Ham mat do dong nhiét
va quy dao cia ngudn nhiét di dong dugc dé
xuit dé xdy dung mé phong thuc nghiém
nhim dé ching minh hiéu qua cia phuong
phap dé& xuit. Dua trén viéc téi thiéu hoa sai
s6 dir liéu ngd vao tir cac cam bién va gia tri
tr mo hinh voi nhiéu dugc tuan theo phan
phdi chuan Gauss ' (u,0°).

Pé kiém nghiém hiéu qua phuong phap
nhan dang thong so cua hé thong dugc mo ta
boi phuong trinh dao ham riéng (truong hop
nhdn dang ham mdt dé dong nhiét va quy dao
di chuyén). Tac gia tién hanh xdy dung mo
hinh thi nghiém v&i mot ngudn nhiét c6 ham
matdo ¢(t) va quy dao di chuyén I(x(t), y(t)).

Ngudn nhiét di chuyén trén tim nhom
hinh vuodng, kich thudc cac canh L=1m va
do day e=2mm. Thoi gian thyc nghiém
t, =1500s voi thoi gian roi rac hdéa 7 =20s
(hay suy ra, ¢é 76x3 hé sé6 can nhdn dang).
Céc thong sb thiét 1ap hé théng thi nghiém
duoc cho boi Bang 1 nhu sau.

Bdng 1. Gid tri cdc thong sé hé théng

Ky hiéu DPon vi Gia tri
pC Jm2K? 2,34.10*
h Wm=2K™ 15
t; s 1500
A WwmK 160
Prax Wm™ 3.10°
6, K 291
L m 1
e m 2.10°
r m 6.10°
i - -

Dé thiét lap diéu kién dau cho giai thuat
tai budc k=0, gia thuyét rang gia tri roi rac
ban dau cia ham mat do dong nhiét
#°=1,5.103(W/m?). Két qua nhan dang ¢(t)

bing phuong phap CGM su dung giai thuat
lap két hop véi phuong phéap cira sb truot
dugc mo ta trong Hinh 7.

x 10* (t) [81:222] windows of 141 s
[— Real flux + Flux to be estimated

AN

y. %

/ N

4,

W

N
ol

/
J

A

10 500

Flux density [W/rf]
N

[
Gl

1 1500
Time [seconde]

Hinh 7. Két qua nhdn dang trén cira sé chdp

Két qua nhan dang ¢(t) trong cta sb
chap T, =[81,222] (dudng mau do6 la gié tri
that, duong mau xanh 1a gia tri nhan dang cho
bdi CGM). Theo @6, gid tri 4(t,t <81) lakét
qua da nhan dang va gia tri ¢(t,t >222) la
gia tri du bao cho cac vong 1ap tiép theo.

Két qua nhan dang ham mét do dong
nhiét va quy dao di chuyén cua nguon nhiét
di dong bang phuong phép gradient phol
ngau két hop giai thuat lya chon cam bién ti

uu va xac dinh cua sb truot linh hoat duogc
thé hién lan lugt trong Hinh 8 va Hinh 9.

x10*

4
—Real flux

> Estimated flux

3.5 NGO,

N

o0

/
/

10 150 300 450 600 750 900 1050 1200 1350 1500
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N
@
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(%]
s
f/

N

[
o)

Hinh 8. Két qua nhdn dang ham mdt do

0.3

T
—Real trajectory
-~ Estimated trajectory

0.2 i
3 |

% |

0.1 5 0G|
o g & |

(0]

Y [m]

-0.1 $Gooet®”
-0.2

-0.4 -0.2 [ 0.2 0.4
X [m]

Hinh 9. Két qua nhdn dang quy dao
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Dé danh gia hiéu qua cua phuong phap
duoc dé& xuit, tic gia s dung cac tiéu chi
nhu: thoi gian tinh 1a thoi gian can thiét dé
x4c dinh tat ca 228 hé sb; trung binh sai s6 1a
trung binh d¢ léch gitta nhiét do6 do dac dugc
va nhiét do tr mo hinh dya trén gid tri nhan
dang; d6 léch chuan sai sé la gia trj trung
binh binh phuwong d6 léch gitra nhiét d6 do
dac dugc va nhiét do tr mo hinh, va do tré
Cua qua trinh nhan dang.

Trung binh sai s6 (K):

Hresiqus = Ni i j (é(t) - é(Cn 1) )dt

c n=lg,

(27)
D¢ léch chuan (K):
1 <& p/a ~ 2
O'residus — N Zl: '[ (H(t) -0(C,, t)) dt (28)
c n=lt;

Hiéu qua phuong phap CGM hi¢u chinh
dugc dé xuat cho viéc nhan dang thé hién
trong Bang 2.

Bdng 2. Gid tri cdc két qud nhdn dang

Théng s ¢(t) I(t)  4t)&I(t)
b 1.741 2212 2.340
Hess 0,501 0,4997 0,481
Orsis 0,979 0,952 0,912

Lietay 309,1 3275 350,9

Sb ligu théng ké ¢ Bang 2 cho thay rang:
gia tri cua trung binh sai s6 va do léch chuén
cua cac thi nghiém nhan dang déu tiém can
VGi gia tri trung binh va d6 léch chuan cua
ham phan phdi xac sudt Gauss. Diéu nay
chiing minh phuong phap nhan dang truc
tuyén thong sé6 hé théng dé xuat dua trén
phuong phap dé xuét dang tin cdy va hiéu qua.

Hon nita, giai thuat lya chon cam bién két
hop véi phuong phap CGM thé hién wu diém
trong nhan dang théng sé cua hé thdng véi

thoi gian tinh toan la 1741s cua nhan dang
ham mat d6 dong nhiét véi do tré trung binh
Cua qua trinh nhan dang 1a 309s. Nghia la, cac
két qua nhan dang ham mat d6 dong nhiét
nhan duoc 309s sau khi két thac (Hinh 10).

600

—Delay time
500 \
400
z \ N\ NN
& 300 \ N l\!\ N
< N N "V NN
a \
200 \\
100
% 250 500 750 1000 1250 1500

Time [s]
Hinh 10. Ham tré cua gidgi thugt nhan dang

Bang 2 ciing cho thdy ring, sé luong
bién can nhan dang (hay do phuc tap ting
1én) thi thoi gian tinh toan can thiét ting 1én
la 2.212s va 2.340s twong tng véi nhan dang
quy dao va nhan dang dong thoi ham mat do,
quy dao. Theo d6, do tré cua giai thuat ciing
tang theo tuong ung la 327,5s va 350,9s.

3. KETLUAN

Bai bao da tap trung gidi thiéu mot
phuong phap nhan dang ddng thoi nhiéu
thong sé khiém khuyét cia hé thong duoc méd
ta boi phuong trinh dao ham riéng bac hai
VGi phuong trinh truyén nhiét duoc dé cap
dén nhu mot vi dy. Theo d6, phwong phap
nhan dang truc tuyén ham mat d6 dong nhiét,
quy dao va nhan dang dong thoi ham mat do
dong nhiét va quy dao ngudn nhiét di dong
dugc dé xuat dya trén phuong phép gradient
phdi ngau hiéu chinh két hop véi giai thuat
lap trén ctra s6 chap linh hoat va giai thuat
lva chon cam bién hitu dung. Két qua cho
thiy rang phuong phap d& xuit mang tinh
hiéu qua va tin cdy cao cho qua trinh nhan
dang. Két qua nay cho phép phat trién xay
dung thi nghiém dé nhan dang thong sb cua
hé thong bat ky duoc mo ta boi phuong trinh
dao ham riéng bac cao.
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