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Ngay nhan bai: ABSTRACT

29/(‘?/2025 . Pendubotis a popular SIMO system in control laboratory to test control algorithms.
Ngay chap nhan dang: . ; . . .
10/11/2023 This paper aims to rebuild a post-processing structure of fuzzy controller, which

is a popular intelligent approach, with a goal of not only stabilizing system at
TOP and MID positions but also controling system to track trajectories: sine and
pulse. Control parameters are found by GA. Our fuzzy control is proved to work
well through Matlab/Simulink simulation.
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TOM TAT

Pendubot la mét hé thong mot vao nhiéu ra (single input-muti output — SIMO)
thwong dwoc sir dung trong cac phong thi nghiém (PTN) dé kiém chirng gidi thudt
diéu khién. Trong bai bdo nay, ching t6i xdy dung lai cau tric khdu hdu xir Iy
ciia bg diéu khién (BPK) mo (fuzzy) — mot hwéng dieu khién thong minh (PKTM)
thong dung- véi dich dén khong chi on dinh tinh ¢ vi tri TOP va MID cho mé hinh
pendubot ma con diéu khién hé thong di chuyén bam theo quy dao cho triede (hinh
sin va xung vudng). Cdc théng sé BDK dwoc lwa chon thong qua gidi thudt di truyén
(genetic algorithm — GA). Gidi thudt mo dwoc chirng minh da hoat dong thanh cong
thong qua mo phong trén Matlab/Simulink.

Tir khéa: Pendubot;
diéu khién Fuzzy; doi
twong SIMO; diéu
khién can bang, gidi
thudt di truyén.

1. Pit van dé

M6 hinh Pendubot, goi day du la Pendulum
Robot, 1a mot h¢ mo6 hinh chuan - co dién nhung
dong vai tro hét stic quan trong trong viéc nghién
ctru giai thuat trong cac PTN BDKTD. Thong qua

Trong tai liéu (Phan Vi¢t Hung, 2013) tac
gia Phan Viét Hung da gidi thiéu vé cau trac co
khi cta pendubot. Pay c6 thé dugc xem 1a cong
trinh nghién ctru dau tién cua tac gia Viét Nam
vé cau trac dan dong nay. Trong nghién ciru trén,

viéc nghién clru cac giai thuat trén cac mo hinh
chuin nhu pendubot, cac sinh vién (SV) s& dugc
hoc héi va dao tao vé giai thuat. Trén co sd do, SV
¢6 thé ap dung giai thuat cho cac ddi twong trong
thuc té khi lam viéc, vi du nhu hé théng can bé“lng
gian khoan trén bién, hé thong c4n bang khi phong
tau vii tru va diéu khién di ding quy dao...
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chua c¢ giai thuat diéu khién nao duoc dé ra dé én
dinh h¢ thong nay. Giai thuat LQR (Nguyén Anh
Tuén, 2017) va PID (Tran Hoang Chinh va cong
sw, 2017) da diéu khién thanh c6ng mo hinh trén &
vi tri TOP thong qua thuc nghiém va ca mo phong.
Giai thuat mo ciing da duge phat trién thanh cong
(Nguyén Thanh Nguyén va cong su, 2019). Nhung,



& giai thuat nay, viéc tao ra khéi mo 1a bang cach
dung cong cu ANFIS dé hoc BPK LQR. Trong
nghién ctru (Nguyén Thanh Nguyén va cong su,
2019), BDK LQR c¢6 thé dugc xem 1a “chuyén
gia” diéu khién thanh céng mé hinh pendubot.
Viéc ap dung cong cu ANFIS la thu dong, chua
chi dong ap dung kinh nghiém chuyén gia hiéu
biét hé théng trong diéu khién. Mot phuong an
chu dong hon ma nhém tac gia dé nghi 1a ap dung
bd luat md vén duoc 4p dung san cho hé SIMO
hai bac — gdbm 81 luat (Huynh Thai Hoang, 2006).
B luat mo nay von duge ap dung thanh céng cho
hé con lic nguoc quay (rotary inverted pendulum
— RIP) trén ca mo phong va thuc nghiém (Thi-
Thanh-Hoang Le et al, 2018). Tuy vay, viéc ap
dung bo luat nay cho hé pendubot van 1a van dé bi
b6 ngd. Viée didu khién bam quy dao cho mé hinh
nay bang giai thuat mo ciing 1a mot van dé méi. O
nghién ctru (Vi Dinh Pat va cong su, 2017), viéc

diéu khién bam quy dao hinh sine cho ddi tuong
nay da dugc thuc hién. Tuy nhién, trong nghién
ctiiu do, giai thuat trugt dugc ap dung va trong ly
thuyét truot, viéc diéu khién bam quy dao cho hé
thong 1a khong méi do phuong phap nay da duoc
huéng dan tinh toan ki ludng theo tai liéu (Duong
Hoai Nghia, 2013).

T nhitng co sé nhu vay, trong nghién ctru
nay, nhom tac gia nhan thay viéc diéu khién mo
ap dung bo ludt mo kinh dién cho hé SIMO bén
canh viéc ap dung cac thu thuét can thiét dé diéu
khién bam quy dao cho pendubot 13 mot hudng
di méi. Viée xay dung BPK va kiém chimg trén
md phong 1a mot hd trg hoc thuat tdt cho viée thir
nghiém diéu khién m& va bam quy dao cho hé
SIMO.

2. Phan tich hé Pendubot

M6 hinh h¢ Pendubot c6 dang nhu Hinh 1

Hinh 1. M6 hinh hé Pendubot

. active joint
O passive joint

e center of mass

ma,l2

Tu (Phan Viét Hung, 2013), hé phuong
trinh dong luc hoc cua hé Pendubot c6 thé mo ta
nhu sau:

Pendubot c6 cdu tao gdbm 2 thanh
lién két vao nhau trong miat phang boi
1 khép ndi ty do. Con gbe thanh 1 thi
nbi dén 1 dong co tic dong cin bing 2
thanh tai 2 vi trf c6 thé diéu khién thyc
nghiém dugc la TOP va MID theo tai
liéu (Nguyén Thanh Nguyén va cong su,
2019). Vi tri TOP tuwong tng 2 thanh déu
hudng 1én. Vi tri MID tuong ung thanh 1
hudng xubng va thanh 2 huéng 1én

iy = B2B3 sinqp (43 + G5 + 2G1G2) + +B5 cos q, sinq, 43 + +P3 P59 cos q; cos(qr + qz) + o1y (D)
! B1B2 — ﬁ32 cos? q,
—B3(B; + B3 cos qz)sinB B3 sinqz (7 + 43 + 24142) + BaPsg cos gz cos(qy + q2) + 2)

+B,71 + B3 cos q; sinq, 44

G =

mylg 2+ mali +1

B3 =mzlyle.
fs =mgle. m la khéi
lugng cua thanh‘ 1 (kg); m, la khéi lwong cua thal}h
2 (kg); 1, 1a chi€u dai cua thanh 1 (m); 1, 1é’ chie”’:u
dai cua thanh 2 (m); 1 | 1a khoang cach tir goc Qén
trong tdm thanh 1 (m); 1, 12 khodng céch tir diém

Trong do, ta co: B =
Br=maleg *+ 1.
Bs=myly +myly,

BBz — 332 cos? q,

nbi ty do dén trong tdm thanh 2 (m); 1a mé men
quan tinh cua thanh 1 (kgm?); 1a m6 men quan
tinh cta thanh 2 (kgm?); 1a gia toc trong truong
(m/s?).
3.Piéu khién cin bing Fuzzy hé Pendubot
CAu trac diéu khién mo cho hé pendubot
duoc thé hién & Hinh 2 . Dé BPK tuong thich vai
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Pendubot, chiing t6i quy do6i goc thanh 2 thanh goc
so voi duong thang nham duy tri thanh 2 thang

dtng. Con goc thanh 1 s& dya vao diém dit.

Hinh 2. Téng quan chwong trinh mé phéng diéu khién Fuzzy vi tri Top

quy dao sine .
x \
PA

khéi chon quy
=~ daoxmghay

:’_\4—>\_'_ quy dao sine
»"(J
khéi 1am tron hoa
! goc canh cua xung
> vuong
khéi tao quy f at_dotf
dao xung vuodng = | g\ A
l q2 ’ o_{ +
\
pendubot
/ - 1
. ] 221
khéi mé fa 0
pendubot scope
Ta c6 thong s6 mo hinh:
ml = 0.25(kg); m2 = 0.07(kg), I1 = 0.15(m) ; 12 = 0.25(m) ; lc1 = 0.055(m), 3)
lc2 =0.149(m); I1 = 0.0189; I2 = 0.000409, g = 9.81(m/s2)
Gié tri ban dau cac bién trang thai dugc chon la
ql_init = pi/2 + 0.2; ql_dot_init = 2; q2,ir = —0.2; q2_dot_init = 2 4)

K¢ thira bo luat mo tir tai lidéu (Huynh Thai
Hoang, 2006) vbn dugc ap dung cho RIP, nhém
tac gia tién hanh ap dung lai kh01 nay cho dbi
tuong pendubot. Vi tri xe, van tdc xe, goc con lic,
van toc goc con lic ciia dbi tuong RIP s€ duoc
chuin héa twong d6i thanh sai sb goc link 1 (ql)
S0 VoI quy dao dat/ vi tri dat, téc do thay doi
cua sai s0 do, gbc thanh 2 so v6i phuong thang
diung (qz) va tbc do thay doi ctia q,. bay la 4 ngo
vao ctia khi mo. Ngd ra ctia kh6i mo 1a tin higu

tac dong vao Bang luat mo 81 luat (Huynh Thai
Hoang, 2006) duogc ap dung lai ma khong c6 thay
d6i vé luat. Cac ham lién thudc ciia cac ngd vao
dugc chudn hoa vé [-1,1] va dugc thé hién & Hinh
3. Ngd ra bd mo duoc chuan hoa vé [-1,1] dudi
dang Sugeno va dugc thé hién & Hinh 4. Viéc tinh
chinh thong sb diéu khién s& thong qua viéc didu
khién cac khdi tién xur 1i K1, K2, K3, K4 va hau
xtr 1i K5 cia BDK mo. Céu trac BDK mo duoc thé
hién & Hinh 3.

Hinh 3. Chu tric BDK mé

Khot mo 81 luat ~
i . ngd ra
vé1 ngd vao ra da

duoc chuan hoa

ngd vao 1 @
ngd vao 2 K2> L
ngd vao 3 K3

ngd vao 4 -z
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Hinh 4. Ham lién thudc ngo vao

Membership function plots -

egative 0 positive

05|

-1 -0.5 0 0.5 1

Hinh 5. Ham lién thudc ngo ra (sugeno)

j
NB NM NS ¢ PS PM PB

-1 066 033 0 033 066 A u

Hinh 6. Cai dit khoi diéu khién Fuzzy

f(u)

Nham tao dang tin hi¢u ngd ra phi hop déap
tmg duogc hé thong, ching t6i quyét dinh tao ra
khau hau xir Iy méi nham tao ra nhiéu gia tri hau
xtr ly hon theo tung truong hop ngd ra cho phu
hop. Con bo diéu khién trung tdm van giir theo dé
suét ctia matlab.

Tin hiéu ngd ra thay vi [0 0.33 0.66 1]
ching t6i s& thay bang [0 K5 K6 K7] va dit no
6 khdi hau xir 1y theo ding ti 1é ngd ra tir bo didu
khién Fuzzy. Can bang ¢ vi tri TOP thi s6 num &
block gain ngd ra bang 1 va ¢ vi tri MID thi s6
num bang -1.

Hinh 7. Chwong trinh méi cho by Fuzzy

ln‘m_o\ﬁﬁ

CO— E

¢l ] oo
K6

O khau hau xt Iy, chung t6i chia ra 4 trudng
hop ctia ngd ra tin hi¢u d€ hiéu chinh cho phu hop

voi hé phi tuyén nhim c6 duoc gia tri hau xu ly
linh dong dép ung dugc theo dung dugc tung
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truong hop xay ra cua 81 luat mo. Thém nia, tao
1 khoi roi thay do6i ti 1€ cua cac gia ri ngd ra nhu

TH1: Khi 1 >=u> 0.66

trén con giup gidi thuat GA co6 hoat dong duoc

TH2: Khi 0.66 >=u>0.33

= (K7 - K6) - 220%0 | ke — (K6 - KS) — 053 ks
y=( )" T"0.66 y=( ) 066033
TH3: Khi 033 >=u >0 TH4: Khi u=0
—KS-L y=0
Y =82"033

Pé tim cac hé s xu 1y tién xr Iy va hau xur
ly, nhom tac gia sit dung GA theo tai li¢u (Huynh
Thai Hoang, 2006). Sau 100 thé hé lai ghép, tim ra
bo thong s6 tot nht cho vi tri TOP nhu sau:

K1=2.2580; K2=0.2701; K3=0.4300; (5)
K4=0.4188; K5=56.6000;
K6=849.5000; K7=870.7000

Déi vi vi tri MID, 4 thong s6 ngd vao can
nhan cho -1 trude khi dén b diéu khién dé ding
v6i phuong trinh dong hoc. Dong thoi, bo thong
s6 diéu khién ciing kho tim hon. Sau 200 thé hé lai
ghép, bo thong s6 phu hop duoc tim ra la:

K1=4.1520; K2=0.0393; K3=1.3070; (6)
K4=0.4806; K5=7.0000;
K6=270.0000; K7=279.4000

Hinh 8. Géc thanh 1 Hinh 9. Goc thanh 2
6 vi tri TOP (rad) 6 vi tri TOP (rad)

2 0

1.8 -0.2

S:faet:o 1 2 3 4 5 08 1 2 3 4 5

O Hinh 8 Error! Reference source not
found. va Hinh 9, thanh 1 va 2 mat gan 2 gidy dé
hé théng vé duoc vi tri TOP. Sai sb xac lap 1a 0
(thanh 1 tao goc pi/2 rad, tic thing dimg hudng
1én va thanh 2 tao goc 0 rad, tic thang ding hudng
1én). O Hinh 10 va Hinh 11, thanh 1 va 2 mat thoi
gian 1au hon dé dén vi tri 6n dinh MID (3 gidy). Sai

Luu y: diéu kién la K7>K6>K5>0 thi bo
thong so moi co nghia va dam bao chat lwong
nhat.

4. Két qua mé phong

4.1. Piém dit ¢ vi tri TOP va MID:

Két qua mo phong duoc thé hién ¢ Hinh 8
dén Hinh 11 khi diéu khién mé 6n dinh tai chd &
vi tri MID véi bd thong ) (6) va vi tri TOP v6i bd
thong so (5).

CHU THICH: O vi tri lam viéc tinh ching
toi dé goc thanh 1 & quanh gia tri goc dé miéu
ta ding vi tri TOP va MID. Nhung khao sat bam
quy dao goc thanh 1 s€ dugc tinh chinh vé quanh
diém 0 nham mo ta dugc kha nang bam cac dang
tin hiéu dat.

Hinh 10. Géc thanh Hinh 11. Goc thanh

1&vitri MID (rad) 2 & vi tri MID (rad)
5 04
-16
47 0.2
18 0
19
0 1 2 3 4 5 0 1 2 3 4 5

s6 xac 1ap cta 2 thanh 1a 0. Nhu vay, BDK mo voi
cac thong s diéu khién dugc phan loai phi hop cho
timg vi tri 1am viéc (MID va TOP) di hoat dong t6t.

Chung t6i dong thoi khao sat thém bo diéu
khién LQR v&i cing mé hinh va trang thai ban
dau nham d& so sanh duoc su vuot trdi cia bo didu
khién FUZZY.

Hinh 12. Géc thanh
1 & vi tri TOP (rad)

24

22

2

18

16

0 2 4 6 8 10
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-02
-04
-0.6
-0.8

Hinh 13. Géc thanh
2 ¢ vi tri TOP (rad)

0

Hinh 14. Go6c thanh
1 & vi tri MID (rad)

-1.6

-1.8

2

-22

-24
0

Hinh 15. G6c thanh
2 & vi tri MID (rad)

3.8

3.6

3.4

3.2




C6 thé thay giai thuat LQR dwa vao phuong
trinh toan hoc két hop giai phwong trinh Riccati
nén h¢ hoat dong rat muot déu. Nhung xét vé mat
xay dung bo diéu khién thi LQR yéu can hiéu rd
phuong trinh toan hoc va céach tinh toan kha phuc
tap. V& phan chét luong khi hoat dong thi ca 2 déu
ton tai vot 16 nhung LQR vot 16 cao hon FUZZY
10% theo khao sat trén. V& thoi gian xéac 1ap thi
FUZZY c6 nhanh hon nhung khong dang ké nén
¢6 thé xem 1a gan nhu bang nhau.

4.2. Bam quy dao dang song sine vi tri TOP

O vi tri TOP, ta tién hanh diéu khién mo
bam quy dao hinh sine (tirc thanh 1 di chuyén dang
song sine quanh vi tri TOP trong khi thanh 2 van
huéng 1én). Két qua mod phong dugc thé hién &
Hinh 16 dén Hinh 20. Dang song sine dugc chon

Hinh 17. Hinh 18.
Géc thanh 1 Van toc goc thanh 1

0.6
0.4
0.2

0
-0.2
-04
-06

- O - N W & o

0 5 10 15 20 0 5 10 15 20

O Hinh 17 va Hinh 19 cho thay cing véi
su dao dong cua thanh 1 thi thanh 2 cling khong
dimg yén hoan toan ma dao dong quanh vi tri 0. Vi
véi su dao dong cia thanh 2 khi thanh 1 bam quy
dao ciing 1a can thiét dé toan hé thong cin bang.
Viéc dao dong cua thanh 2 cling chi quanh vi tri
can bang hudng 1én véi bién d6 goc ¢ thanh 1 1a
0.6 rad quanh vi tri 0.

4.3. Bam quy dao dang song xung vudng
vi tri TOP

Tiép theo, nhom tac gia khao sat BDK mo
v6i didu khién quy dao song vudng. Soéng vudng
& day da duogc bo tron cac goc canh dé tranh hién

c6 bién do 0.6 rad va chu ki 6.2 giay.
Hinh 16. Géc thanh 1 (rad) (mau dé) va quy
dao dat song sin (mau xanh nét dirt)

0 2 4 6 8 10 12 14 16 18 20
Thoi gian (giay)

O Hinh 16, ta thay thanh 1 dao dong bam
duogc véi quy dao dat voi cung bién do, tan sd
nhung bi tré 0.2 gidy so véi quy dao dit. Nhu vy,
thanh 1 da bam dugc quy dao thanh cong.

Hinh 19. Hinh 20.
Goc thanh 2 Van toc géc thanh 2
0.6 2
0.4 0 m
0.2 2
0
-02 4
-04 -6
06 3
0 5 10 15 20 0 5 10 15 20

tuong chuyén doi qua dot ngot cua bién trang thai.
Bién d6 xung vudng la 0.5 rad, chu ki dugc chon
1a 5 gidy. Két qua md phong duoc thé hién ¢ Hinh
21 dén Hinh 25. O Hinh 21, thanh 1 bam t6t gia
tri dat véi sai sb xac lap bﬁng 0. B¢ dao dong ban
dau 13 0.1 rad so voi quy dao dat. Thoi gian xéac
lap 1a khoang 0.4 gidy. Nhu vay, BDK mo di diéu
khién thanh cong hé pendubot bam quy dao xung
tai vi tri TOP. Bén canh do, cac bién trang thai
cling dugc thé hién ¢ Hinh 22 dén Hinh 25. Pap
g h¢ thong khi bam xung vuéng 1a kém hon so
v6i bam quy dao sine 1a diéu d& nhan ra vi xung
vudng chuyén trang thai dot ngdt véi bién do 16n
nén viéc co6 vot 16 1a khong thé tranh khoi.

Hinh 21. Géc thanh 1 (rad) (mau dé nét lién) va diém dit xung vudng (mau xanh nét dit)

0.5}
0:
-0.5¢+ 1
0 2 4 6 8 10 12 14 16 18 20
Thoi gian (gidy)
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Hinh 24 cho thdy goc thanh 2 ludn dugc
duy trinh gbc nguoc lai véi goc thanh 1 khi thanh
1 bam quy dao. P dao dong 1 tir -0.4 rad dén 0.4

Hinh 22. Géc Hinh 23. Van toc

thanh 1 goc thanh 1
0.4 4
0.2
2
0
02 0
-04
2
08 5 10 15 20 0 5 10 15 20

4.4. Bam quy dao dang song sine vi tri MID
O vi tri MID, ta tién hanh diéu khién mo bam
quy dao hinh sine (tic thanh 1 di chuyén huéng
xudng, dao dong theo dang song sine quanh vj tri

rad. Nhu vay, BDK mo d3 diéu khién thanh cong
hé pendubot quanh vi tri lam viéc MID.

Hinh 24. Géc Hinh 25. Van toc
thanh 2 goc thanh 2

0.6 2
0.2 2

0
-02 “
-04 -6
-06 -8

0 5 10 15 20 0 5 10 15 20

MID trong khi thanh 2 van duy tri hudng 1én). Két
qua mo phong duoc thé hién & Hinh 26 d¢én Hinh
30. Dang song sine dugc chon ¢6 bién do 0.6 rad
va chu ki 6.2 giay.

Hinh 26 . Géc thanh 1 (rad) (mau dé nét lién) va diém dat xung vuéng (mau xanh nét dit)

0.8 .

0.6F .
0.4f

0 2 4 6 8

10 12 14 16 18 20

Thoi gian (gidy)

Tuong ty vi tri TOP bam quy dao sine thi &
vi tri MID céc bi€n trang thai rat on dinh bam sat

Hinh 27. Géc Hinh 28. Van toc

thanh 1 gbc thanh 1
-1
S N e
-15
-5
-2
-10
0 5 10 15 20 0 5 10 15 20

4.5. Bam quy dao dang song xung vuong
vi tri MID

BDK mo tiép tuc duoc ap dung dé diéu
khién goc thanh 1 bam séng xung vudng co bién
d6 0.3 rad, chu ki 5 gidy. Két qua mo phong duoc
thé hién ¢ Hinh 31 dén Hinh 35. Két qua diéu

theo dao dong sine dugc dit ra ¢ thanh 1.

Hinh 29. Géc Hinh 30. Van tdc
thanh 2 g6c thanh 2
0.5 2
1
° 0 W\/\
05 -
0 5 10 15 20 % 5 10 15 20

khién ¢ Hinh 31 cho thiy goc thanh 1 bam quy
dao voi sai s6 xac 1ap bang 0, thoi gian xéac lap la
1 gidy, d6 vot 16 1a 0.2%. Thoi gian xac lap ngan
hon so véi vi tri TOP va vot 16 it hon hian. Bén
canh d6, goc thanh 2 ciing bam quanh gia tri 0 (can
bang hudng 1én) voi bién d6 dao dong 0.3 rad.

Hinh 31 . Géc thanh 1 (rad) (mau dé nét lién) va diém dit xung vudng (mau xanh nét dirt)

0.4 | .
02

i
-0.2fF

o (R R S S
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10 12 14 16 18
Thoi gian (gidy)
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C6 thé nhan thdy tuy xung vudng kho dé
bam hon nhung ¢ vi tri MID thi hé lai bam quy
Hinh 32. Géc Hinh 33. Vin toc
thanh 1 g6c thanh 1

oA

0 5 10 15 20 0 5 10 15 20

Thong qua Hinh 34 va Hinh 35, BDK mo
cling da chiing minh vi¢c diéu khién thanh cong
viéc bam quy dao soéng xung vuong tai vi tri MID
cho pendubot.

5. Két luan

Trong bai béo nay, mot cau trac diéu khién mo
bam quy dao di duoc gidi thiéu dé didu khién thanh
cong bam quy dao cho pendubot trong truong hop
vi tri MID va TOP cua hé théng. Céc quy dao dugc
khao sat 1a xung vudng va song sine. Mot trudng hop
riéng ctia diéu khién bam quy dao (truong hop bién
d6 dao dong bang 0) ciing dugc kiém tra va cho két
qua diéu khién thanh cong. Nhu vay, mot BDK mo
c6 cu triic 81 luat 6n dinh tai chd van c6 thé dugce
ap dung cho diéu khién bam quy dao véi mot sé
thay doi trong cdu trac mo 13 kha thi va duoc chimg
minh thong qua mé phong. Thoi gian sat 1ap qua mo
phong cho thdy tham chi con 6n dinh va nhanh hon
50 voi bo diéu khién t6i wvu LQR (Nguyén Anh Tuén,
2017), mot giai thuat diéu khién thuong duge danh

dao rat tot v6i sai sd xac 1ap thip va vot 16 thap.

Hinh 35. Goc thanh
2 & vi tri MID (rad)
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gia kha cao hon. Chat lugng diéu khién phu thudc
16n vao qua trinh tim kiém thong sb diéu khién. Mot
goi y dugc dua ra trong bai bao nay la ap dung giai
thuat GA. Hudng di nay ciing dugc chung minh la
kha thi thong qua két qua md phong ¢ nhiéu trudong
hop. Mot s6 hudng di c6 thé phat trién sau nghién
ciu nay 1a ap dung BDK nay trén pendubot thuc
nghiém, phét trién t6i vu hoa thong s0 thong qua cac
giai thuat tim kiém khac, phat trién ciu trac bam quy
dao phu hgp hon, hoac khao sat thém cac truong hop
quy dao phuc tap hon.

Loi cam on

Bai bao 1a san pham thudc dé tai nghién ctru
khoa hoc sinh vién nam 2024 duoc tai tro kinh
phi boi truong Pai hoc Su pham ki thuat TPHCM
(HCMUTE). Trong qua trinh lam viéc, nhém cling
duoc sir hudng dan tan tinh cia TS. Nguyén Vin
Pong Hai, ThS. Lé Thi Thanh Hoang, ThS. L& Thi
Hong Lam (khoa Pién — HCMUTE). Nhom tac
gia xin cam on cac su hd tro nay.
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