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NGHIEN CU'U THIET KE GIAI THUAT LOC THICH NGHI
CHO HE THONG CHONG ON CHU BONG ANC

RESEARCH AND DESIGN OF ADAPTIVE FILTER FOR ACTIVE NOISE CONTROL SYSTEMS (ANC)

TOM TAT

Hé thdng chbng on chd dong (ANC - Active Noise Control) la mot trong
nhitng phuong phap mai nham ting cudng kha nang chding on, tao khdng gian
tinh Iang, nang cao tién nghi cudc sdng. Nguyén Iy ctia ANC Ia sinh ra mét song
am chll dong lam giam thiéu nang lrong song am ¢ dai tan s6 tir vai chuc dén vai
trm Hz trong khdng gian. Trong bai bao nay, chdng t6i s& trinh bay mdt cdu
hinh b0 loc thich nghi &p dung cho hé thdng ANC. Giai thuat loc thich nghi trong
ANC duoc md phang trén Matlab&Simulink dé ching minh duoc hiéu qua clia
cau hinh dé xuét.

Tir khda: ANC, FXLMS, bd lgc thich nghi.

ABSTRACT

The Active Noise Control (ANC - Active Noise Control) is new solutions to
increase audio noise protection, create quiet spaces, improve the quality of life.
The principle of ANC is to produce an active sound wave which can reduce sound
energy between the frequency range from a few tens Hertz to several hundred
Hertz. In this paper, we will present an adaptive filter configuration that is
applied to ANC systems. The adaptive filtering algorithm of the ANC system on
Matlab & Simulink has proven the effectiveness of the proposed configuration.

Keywords: ANC, FxLMS, Adaptive filter.
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1.GIOI THIEU

S6ng am la nhitng séng co truyén trong moi truong
vat chét (rdn, 16ng, khi). B8i vai con ngudi, ching ta chi
cam nhan dwoc, nghe dwgc dai séng am c¢6 tan so tir 20Hz
dén 20000Hz. Tuy vay, thuc té dai séng am ma con nguoi
ti€p nhan trong giao tiép thuong chi dao dong trong
pham vi 400Hz dén vai kHz. Cac dai am cé tan sd trén
5kHz géy ra cdm giac chdi tai. Nguoc lai, song am dudi
400Hz chinh la nhitrng ti€ng U (6n) gay cam giac khé chiu.
Vi du tiéng 6n phat ra tlr cAc may moc thiét bi: quat dién,
may bién ap, hé théng diéu hoa khong khi, may nén, am
thanh tlr cac phuong tién giao thdng... Cong nghé truyén
thong dé giam tiéng 6n la sir dung vat liéu cach am, thiét
ké cdu truc thiét bi c6 kha ndng chéng rung tot dé han
ché tiéng 0n do thiét bi phéat ra. Giai phap trén dwoc goi la
ky thuat chéng 6n bi déng PNC (Passive Noise Canceling).
K§ thuat PNC c6 hiéu qua d6i véi tinh hudng ngan chan
ti€ng 6n tr bén ngoai vong vao mdi tred'ng can chdng 6n
voi digu kién moi treong chéng 6n c¢6 khdng gian han
ché. B6i véi tinh huéng ngudn phat &m 6n ton tai ngay
trong khdng gian chéng 6n (diéu hoa, quat, thiét bi dién
trong phong...), giai phap PNC khéng thé thuc hién duoc.
Trong tredng hop nay giai phap chéng 6n chi déng ANC
ky vong sé dap (rng duoc yéu cau chéng 6n (han ché duoc
nang lveng séng am trong dai tan s6 tir 20 dén 400Hz).
Nguyén ly can ban ctia hé ANC la st dung hé théng am ly
- loa cht déng tao ra trong moi treong mot dai séng am
c6 dac diém: 1) trung tan so, cvong do va bién dé (nang
lvgng) véi sbng am gay on; 2) nguoc pha véi séng am on.
Theo nguyén ly chong chat tin hiéu séng, téng hop cta
hai sobng am trén (séng do ngudn sinh 6n va séng do hé
théng am ly - loa chtl ddng tao ra) sé la mot séng am cé
bién dd, cong sudt nho tao ra méi trvdng tinh lang doéi voi
kh& nang cdm nhan &m thanh cla tai nguoi. Hién tai kj
thuat ANC thuong st dung céc cdu trdc va thuat toan nhu:
LMS (Least Mean Square); FXLMS (Filtered-x Least Mean
Square); Feedback LMS, Feedforward LMS... [1-3] va
nhitng bién thé cla ching. Trong bai bao nay, chlng toi
gi6i thiéu thiét ké va md phdng hé thdng ANC theo thuat
toan Feedforward FXLMS dé han ché nang lvgng dao
dong soéng am trong dai tan tir 20 dén 400Hz. Hiéu qua
cia hé thng ANC dugc mo phdéng trén phan mém
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Matlab&Simulink. Bai bao duoc trinh bay theo: 2) Cau tric
hé théng; 3) Giai thuat loc thich nghi FXLMS; 4) M6 phéng
hé thong; 5) Két luan va hudng phat trién.
2.CAU TRUC HE THONG
2.1. Am thanh va tin hiéu am thanh

Am thanh &n la séng am dao déng c6 tan s6 trong
pham vi tr 20 dén 400Hz. Cuvong dd am thanh tai khong
gian, thoi gian I(x,y,z,t) c6 don vi W/m?xac dinh theo (1), [4]:

2(X,Y,2,t
|(X, v,Z, t) — M (l)
PoC

Trong do: p (Pa) la ap suét khong khi cuc b hiéu qua do
s6ng am gay ra; p, (kg/m® 1a mat dé khong khi; ¢ (m/s) la
van téc am thanh trong khéng khi. Xét mot nguén am c6
cdng suat SW (W) thi cuong d6 am thanh tai khoang cach r
(m) trong diéu kién ly twéng dwgc xac dinh béi (2) [4-6]:

SW
= 2
4mr? @)

Théng thueong cuong dé am thanh dugc tinh theo don

vi dB:

L= 10Igl ?3)
I0

Gia tri 1, = 10" (W/m?) bi€u thi gia tri tiéu chuén tai ap
sudt khong khi 2.10°° (Pa). Muc tiéu ctia hé ANC la chii dong
giam thi€u cwong do am thanh clia cac séng am cé tan sb
[20, 400] Hz. BEé thuc hién diéu nay can phai do lvong duoc
cuong dé am thanh trong khéng gian. Thiét bi cdm bién
cuong dd am thanh dugc st dung chinh la thiét bj
microphone v@i tin hiéu vao la cwdng do &m thanh, tin hiéu
ra la dang dién ap analog.

e

1 W

Microphone
sensor

x(Kk) I
Hinh 1. Cam bién &m thanh microphone

Engine Noise

Hinh 2. Tong hop ngudn am

Néu thiét bi microphone c6 chét ligng cao (dd tré thap,
khuéch dai pha - bién dé6 mét cach trung thuc), cé thé xem
tin hiéu tin hiéu dau ra cda cdm bién tvong quan va dai
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dién cho tin hiéu cvong dd am thanh x(t) £ I(t). Trong hé
thong xt ly s, chlng ta s& st dung hinh thai roi rac & mo
ta cac tin hiéu clta hé théng. Khi dé x(k) = I(k). Gia st c6 N
ngudén am phat tan am thanh thi cvong d6 am thanh tai
mot diém trong khong gian l1an can sé dwgc xac dinh boi
téng dai s6 cuong dd am thanh do tlrng ngudn phat tan téi
diém khong gian d6 [4, 5].

i) =1 (k) (4)

Bang 1 trinh bay gié tri cvdng d6 am thanh trong don vi
dB tac dong dén kha nang cdm nhan am thanh clia tai nguoi.
Bang 1. Cwong dd tuong (g v6i am thanh thuec té [4, 5]

TT \C/:yggggsn (DdoBr)l Am thanh trong (ing

1 0dB Hoan toan khong nghe thdy 4m thanh
2 10dB Hoi thd clia con ngudi, d&m yén tinh & ndng thon
3 20dB Tiéng laroi

4 30dB Tiéng laxao xac, loi thi tham

5 40dB Khdng gian yén tinh trong xe hoi

6 50dB Am thanh trong rap phim céch &m

7 60dB Van phong lam viéc, sanh yén tinh

8 70dB Van phong on a0, siéu thi, drong phd
9 80dB HGi truong 6n o, nhain, cong cong
10 90dB Nha may san xuat

1 110dB Tiéng nhac Rock Ion

12 130dB May bay cét canh, cdi xe ciru hoa. ..

2.2. Cautruc hé théng

Cau tric phan ctng ctia hé théng ANC mo6 ta trén hinh
3. S6ng am tai viing khdng gian tinh lang la téng hop cla
ludng soéng am so cap d(k) va luéng séng am thi cap y(k).
Ludng so cap d(k) la séng am do ngudn tap am sinh ra, phu
thudc n(k) va khodng khdng gian, méi truong truyén..
Quan hé gitra d(k) va n(k) la mdt ham P(z) c6 xu hudng gidm
theo khoang cach khdng gian va dugc mé la mét khau co
mo hinh khéng biét trwéc. Ludng thir cdp y(k) la séng am
do hé thong ANC chtdi déng sinh ra.

Noise nk) '
source. «— Primary path g Quitet space
|l Reference r—— t 'Error
| microphone | microphone

Filter e(k)

X(K)

Adaptive |u(®) 1 [
controller I el

Hinh 3. Cau trlic tdng quan hé thang ANC

So khéi hé théng mo ta trén hinh 4. W(z) la khau loc
thich nghi, trong s6 cda bo loc dwoc cap nhat thdng qua
thuat toan LMS. S(z) dai dién cho khau ham truyén clia cac
khoi: DAC, am ly, loa, dwdng truyén am thanh tir loa dén
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microphone cdm bién sai s6. Cung véi ham truyén P(z), S(z)
cling duwoc xem la khau c6 md hinh khong biét trwéc. Khoi
S'(z) la ham truyén dat cla khau loc filter-X. Bay chinh Ia
ham truyén uwéc lwgng clia khau S(z). BO loc F(z) c6 chirc
nang tach loc séng am cé tan so trong pham vi [0, 400] Hz
dé dwa vao khau xtr Iy FXLMS véi muc tiéu chi xt ly - han
ché sc')ng am c6 dai tan thap.

n(k) Unknown plant dek) Quiet space

> P(z) [ —7{ —wp
Fe) | yioT= |[e®
[0, 400] Hz
o —2 )
b I o IEE)
| |
!
I |
: )

Hinh 4. Cau tr(ic tdng quan hé thang ANC

3.GIAI THUAT LOC THiCH NGHI

3.1. Giai thuat FxLMS
T hinh 5 ¢6 thé rat ra bién dai roi rac cda tin hiéu sai so:
E(2) =[P(2) -S(2)W(2)|X(2) (5)

Trong treong hop ly twong dé sai s6 e(k) tiém can zero
khi x(k) # 0 la ham truyén bd loc c6 gia tri:

W (2) RiC)]
S(2)

C6 nghia rang phai xac dinh chinh xac va dong thoi P(z)
va S(z). Diém chinh cla giai phap nay la véi mét mé hinh
doi twong thich hgp hé thdng phai dap ting duoc sy thay
d6i cha ca tin hiéu nhiéu vao. Tuy nhién, dic tinh cha hé
ANC phu thudc chinh vao ham truyén ctia lubng am thanh
thir cap y(k) voi viéc can bang dap (rng tan s6 khau so cap.
Trong trvong hop nay lwgng gidm tin hiéu 6n sé duoc tang
Ién. Ngoai ra c6 thé st dung mét bo loc thich nghi bac cao
FIR d€ xdp xi ham 1/S(z) mot cach hop ly. N6 c6 thé bu lai
lwvgng tré von cé cla ludng so cdp. Giai thuat binh phuong
tGi thi€u FXxLMS c6 thé dwoc ding cho cau trdc hinh 5. Khi
dé tin hiéu sai s6 tinh theo (7), [2, 3].

e(k) = d(k) - s(k).[ w (k)x (k) ©)

Trong da: s(k) = [s(k) s(k-1) ... s(k-L+1)]" , w(k) = [w,(K)
w;(K)... w4(K)]" 1an lugt 1a dap (ng xung don vi ctia ludng
am thanh th* cap S(z) va trong s6 bd loc W(z). Chiso L la
bac clia bd loc thich nghi W(z). Gia tri L phai du Ién dé hé cé
dd chinh xac cao [1-3].

Ham nang lwgng clia séng am duoc dai dién boi gia tri
binh phuong bién dd song (£(k) = E[e*(K)]). D€ don gian
chung ta st dung ham nang lugng nay cé dang (8).

&k =€’ (k) ®)

Hé s6 ctia bd loc W(z) dwgc xac dinh theo (9), [3, 4, 8].

(6)

w(k +1) =w(k)—§va(k) ©)
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Trong do, VE(K) 1a gradient ctia (k) va p 1a mot hang s6
duong di nhd thé hién buwdc hiéu chinh tham s6. Ti
phuong trinh (7) va (8) co:

{Ve(k) = —s(k)x(k) = —x'(k)

VE(K) = Ve? (k) =2[Ve(k)]ek) = —2x'(k)e(k) (10)

Theo [4] thi gia tri t&i han clia p dé hé théng on dinh [a;
2

Moo = (L4 M)

(11)

Trong d6: P, = E[e?(K)] la cOng sudt tin hiéu tham chiéu
x'(K); L 12 bac ctia bd loc W(z); M la s6 lwvgng mau trong ting
vGi do tré téng thé trong ludng am thanh thi cdp. Thuat
toan FxLMS dé xac dinh tham so b6 loc thich nghi W(z) xéac
dinh nhuw trong (12).

w,(k+D =w, (k) +pe®)x'(k—-i) (12)

Trong thyc tién S(z) 1a ham truyén chua biét trude do dé
can phai uéc lvgng.

3.2. Xac dinh ham truyén bd loc S'(z)

Viéc xac dinh ham truyén wéc lugng S'(z) c6 thé thuc
hién theo hai hudng online va offline nhu trén hinh 5 va 6.
Ky thuét nhan dang offline thudng dwoc thuc hién theo
cach tac dong tin hiéu buéc don vi vao dau vao clia khéi
amply, do tin hiéu tai cdm bién microphone, sau dé st
dung cac phrong phap nhan dang dé xéac dinh ham truyén
S'(z). Boi véi trvong hop nhan dang online, chdng ta thuc
hién theo so dd hinh 6. Giai phap uéc lvgng online cé uu
thé vé do linh hoat trong qua trinh ap dung. Tuy nhién can
lvu y dén tan s6 ldy mau va x ly phai da Ion dé dap tng
dugc tinh thoi gian thuc clia hé ANC.

k d(k

x(k) —W (%)
y(k)
0—>| W(z) I—bl
x* (k) TS e e(k)
Hinh 5. H& ANC nhén dang offline S'(z)

k d(k

x(k) ‘W (k)

Ykt (k)

Hinh 6. H& ANC nhén dang online S'(z)
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4. MO PHONG HE THONG
4.1. Mo ta thiét lap hé théng

Pé thuyc hién mé phong hé thong, gia thiét; 1) ham
truyén dat S'(2) la biét trwdc; 2) P(z) cuing S(z) thay dai trong
mot pham vi nhat dinh xung quanh gia tri goc Py(z) va Sy(z)
(bang 2). Ham truyén bo loc F(z) 1a bd loc bac 4 ding dé
tach loc tin hiéu trong dai tan tir 0 dén 400Hz. Tan s6 lay
mau x& Iy ctia hé ANC duoc chon 1a 20kHz. Khéo sat hé ANC
xét trong diéu kién chi c6 mot ngudn tao séng am thanh
on. Dap ng thoi gian cla tin hiéu nhiéu n(k) dwoc thay doi
tuy vao treong hop mé phdng cu thé. Bo loc thich nghi
W(2) ¢ bac L = 12. Hang s6 budc clia hé théng p = 0,01 va
c6 thé diéu chinh trong qua trinh m6 phong.

Bang 2. Tham s0 gc clia hé thong md phong [4]

il Ham truyén Ghi
chd
1 |S()=01+0447"-0,095z%+0,012° +0,097* Béc4
2 [Py(2)=0,003+0,0752* +0,152% + 0,3z° .
. 5 5 Bac 6
+0,15z" +0,075z° + 0,003z
3 152)=5@ Béc4
4 0,0076z* +0,0071z%  0,0076z"* +0,0071z 2 .
F(2)= 5 . = — | Bac4
1-182477 +0,83872° 1-1,824z" +0,8387z

M6 hinh m6é phéng hé théng thuc hién trén
Matlab&Simulink dwoc thé hién trén hinh 7 va 8.

> (k) ddo
P@)1
) ag) »{d]]
P2
gl ) 4
i ut) f—pluto v “
- widk) —p] wi(k
S@) i S@)
Adaptive Filter [[ex] x(k) p(k)
LMS Wz [0
F@)1
» [ekll

Hinh 7. So @ md phéng hé thong ANC sk dung thuat toan FxLMS trén
Matlab&Simulink

(4]

)
)
(-]
(-]

Hinh 8. B3 lgc thich nghi W(z) bac 12
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4.2. KEtqua mo6 phéng
a) Truong hop 1: S(z) = Sy(z) = S'(z); P(z) = Py(2). Bap
(rng thoi gian cta hé théng khi ngudn séng am cé dang
n(t) = 0,5sin(100x2nt + 0) + 0,5sin(1500x2nt + 0,2) dién ta
trén hinh 9. Trwdng hop x(t) bién dong ngau nhién thé hién
trén hinh 10. C6 thé thay sai s6 e(k) clia hé thong giam dan
va hdi tu vai gia tri trung binh khac khdng. Thoi gian hi tu
vao khoang 1,0s.
1

0.5]
(o]

osl

0.4
Time (s)

0.6 0.8 1

0.97 0.98

Time (s)

Hinh 9. D4p (ing thoi gian, truong hop 1

1

0.99 1

= 05
5 |
=
= O
=
< -0.5
1 b i
o 0.2 0.4 0.6 0.8 1
Time (s)
1
0.5
= | |
£ o | i i i i
-0.5
-1 i
o 0.2 0.4 0.6 0.8 1
Time (s)

0.97 0.98

Time (s)

Hinh 10. D4p (ing thoi gian, truong hop 1

0.99 1
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b) Trwong hop 2: Trong trwong hop nay gia tri cla
P(z) = Py(2). Tin hiéu vao ngau nhién. Thay déi gia tri S(z) dé
kiém tra kha nang giam séng 4m 6n cla hé. Hinh 11 twong
ng voi treong hop S(z) = S,(z) = 0,1 + 0,44z — 0,095z +
0,01z* + 0,09z* va hinh 12 twong Gng véi tredng hop
S(2) = S,(z) = 0,12 + 0,38z = 0,092 + 0,012 + 0,092z, Két
qua cho thay khi thay d6i S(z) trong pham vi nhét dinh hay
néi cach khac la mo hinh ctia S(z) khéng xac dinh chinh xac
thi hé théng ANC van c6 thé hoat dong t6t.

1

dk
xk

= 0.5 |
o
= o
><—- |
%_0_5 \l il \“ HH\ H \1\ Il H I \‘H ! il ‘ I \“
-1 1 . t ,
o] 0.5 1 1.5 2
Time (s)
S1(z) = 0,1+ 0,447*—0,0952 +0,012° + 0,092

Hinh 11. Dap trng ctia hé khi S(z) = S,(z)

dk
xk

ex
“‘Hw (T \‘

£ o= Ui L

= o5l R o y

o 0.5 1 1.5 2

Time (s)
S2(z) = 0,12+ 0,382* 0,09z +0,012° + 0,092z

Hinh 12. Bap trng ctia hé khi S(z) = S,(z)

¢) Trwdng hgp 3: Khdo sat mic suy hao nang luvgng
séng am ha tan trong pham vi 20 - 400Hz trong trwong
hop: P(z) = Py(z); S(z) = S,(z) = 0,12 + 0,38z* - 0,09z +
0,01z* + 0,092z*; tin hiéu vao n(t) = 0,5sin(fx2nt + 0) +
0,5sin(1500x2xt + 0,2) + tin ngau nhién c6 tan s6 200Hz
bién dd trong pham vi [-0,2; 0,2]. Mirc d nang lugng sdéng
am suy hao tirc thoi anr(k) c6 don vi la dB (Decibel) va dugc
tinh theo (13).

anr(k)=10log,, izgg k=12,3,..K (13)
f —dk
~ —k
20 N u m ' u
$ MM‘ '[ v‘ mﬂn ull “, [ Mh [\ \ M\W\\n Mh\h M" ||.W ~
il 'wmw \J 'nw W\mﬁ”‘ ‘ww w m\m‘ \/ WW" “‘I\MI"'
%05 l ’ ‘

-11.8 1.‘82 1.‘84 1.|86 1.‘88 1.‘9 1.;2 1.;4 1.;6 1.;8 2

Time (s)

Hinh 13. Khao sat miic suy hao ndng lrgng song &m ha tan khi f = 50Hz

Tap chi KHOA HOC VA CONG NGHE @ Tap 56 - S6 4 (8/2020)

Gia tri trung binh cla lvgng suy hao trong khoang thoi
gian on dinh (tir k, dén k,) ky hiéu [a ANR xac dinh bai (14).

k; 2
P

k; XZ(k)

k=k,

ANR =10log,, (14)

Mtic suy hao nang lugng séng am ha tan dugc thé hién
trong bang 3. T bang 3 c6 thé nhan thay dai tan sb tir
20Hz dén 300Hz muc d6 chéng tap am kha tét. Khi tan s6
séng am Ién (khodng 350Hz tré 1én) thi kha nang han ché
séng clia hé ANC c6 chiéu huéng giam di.

Bang 3. Khao sét mikc d suy hao clia séng &m ha tan

T | Tansof(Ho) EDR(K)] Elf(k)] | ANR(dB)
1 20 0,07135 000172 | -16,.1787
2 50 0,07468 000365 | -131091
3 100 0,07636 000098 | -189164
4 150 00739 000184 | -16,0406
5 200 006722 000538 | -109672
6 250 0,05484 001100 | -69770
7 300 0,03916 001697 | -36316
8 350 0,02463 002010 | -0,8827
9 400 0,01453 001772 0,8620

d) Truong hop 4: Khao sat anh huéng clia hé s6 cap nhat
K Ién thoi gian hdi tu cla hé ANC trong trwong hop:
P(z) = Py(z); S(z) = S,(z) = 0,12 + 0,38z* - 0,09z + 0,01z +
0,092z*; tin hiéu vao n(t) = 05sin(fx2nt + 0) +
0,5sin(1500x2xt + 0,2) + tin hiéu ngau nhién co6 tan s6 200Hz
bién dd trong pham vi [-0,2; 0,2]. Thoi gian hdi tu va dap tng
qua dd ctia hé ANC khi hé s6 p thay d6i thé hién trén hinh 14.
Tir hinh 14 ¢6 thé thay khi p16n hé c6 xu hudng rat ngén thoi
gian xac lap tuy vay néu gia tri nay qua Ién thi dap ¢ng cla
hé théng sé khéng hdi tu. Khi i nhd thi thoi gian xéac 1ap sé
kéo dai va sai s6 & trang thai xac lap sé nha.

1

d(K) and e(k)

Time (s)

a) Trudng hop 1= 0,002

AUk kM NG

d(K) and e(K)

1.5 2

(o} 0.5 1
Time (s)

b) Trudng hop p = 0,010
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(o] 0.5 1 1.5 2
Time (s)

¢) Trwong hop p=10,050

Time (s)
d) Trwong hop u=7,200
Hinh 14. Bap (g thoi gian cla sai s6 e(K) khi f = 150Hz
5. KET LUAN VA HUONG PHAT TRIEN

Bai bao da trinh bay so lvgc vé sir dung giai thuat FXLMS
dé thiét ké hé théng ANC don kénh véi cdu tric
Feedforward FxLMS. Trong hé th6ng nay ham truyén dat
gitra tin hiéu diéu khién va tin hiéu am thanh thu dvoc tir
microphone (ham S'(z)) dwgc xac dinh thdng qua nhan
dang offline. K&t qua mé phdng cho thay lwvgng am thanh
cla dai tan s6 thap dugc giam thiéu trong diéu kién mo
hinh hé théng khéng xac dinh chinh xac. Tuy nhién, két qua
mo phong trén méi chi xét trong diéu kién ly twédng: mot
ngudn am thanh on, khong xét téi cdu trdc khéng gian hé
thong, bd qua anh hudng cla hién twgng phan doi am
thanh do cdu tric khdng gian - vat thé trong moi treong
tao Ién... Nhitng nghién ctru ti€p theo, nhém tac gia sé
trinh bay chi tiét vé cac van dé trén va kiém nghiém két qua
nghién ctru trong moi truong thue voi hé théng nhing
ARM Cortex-32 bit toc do cao.

LOICAMON

Nhém tac gid xin chan thanh gti I6i cAm on téi Khoa
bién va Khoa bién tt - Truong Bai hoc Céng nghiép Ha Noi
da phéi hop va hd tro trong qua trinh nghién ctru.
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