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TOM TAT

Bai bao nay trinh bay mét phuong phdp cai tién thudt toan by chim sé (ISSA) danh cho bai toan 1p ké hoach [ trinh robot, dua trén su két hop giita thuét toan
hay chim sé chudn (SSA), Ky thuat lap ban do hdn loan dang léu TOMM (Tent Chaotic Mapping Model) Ia mt phuong phap st dung anh xa hdn loan dua trén ham
|éu (tent map) d€ tao ra céc chudi s6 ngau nhién hodc gia ngau nhién, thutng dugc (ng dung trong cac thuat toan t6i tu héa, ma hda, hodc mé phdng va thuat toan
bién thé T-differential mdt co ché cap nhét vi tri trong ISSA, nai céc budc di chuyén cla ca thé duoc diéu chinh béng céch két hop su chénh lach gitta cac vi tri véi chudi
hén loan tirham |éu (tent map). Diém ndi bat ca ISSA la kha nang khdc phuc han ché ciia SSA tiéu chuan, vén dé bi mac ket & cac diém t6i uu cuc bd, thong qua viéc
tang cudng su da dang ctia quan thé ban dau va cai thién kha nang tim kiém toan cuc. Phuong phap TOMM dam bao su phéan bd dong déu clia cac ca thé chim sé trong
giai doan khdi tao, trong khi thudt toan T-differential tang cutng tuong téc giita cac ca thé yéu va nhém tét nhat, gidip tap thé thodt khdi cac diém t6i uu cuc bd hiéu
qua. Ngoai ra, ky thuat ndi suy spline khéi cai tién dugc ap dung d€ lam mugt dudng di, nang cao chét lugng 16 trinh. DE kiém chiing hiéu qud, phuang phap ISSA da
dugc so sanh vdi bon thudt todn hién dai khac thong qua md phdng. Két qué cho thay, ISSA vuot trdi vé muic do toi uu va do tin cdy cta |6 trinh. Thanh cong nay md
ra nhiéu trién vong trong viéc ting dung ISSA vao céc bai toan [ap k& hoach 19 trinh robot va cic viin dé t6i uu hoa to hop khac.

Tirkhéa: Lap bdn d6 hon loan dang Iéu, thudt todn bdy chim sé, ndi suy spline khdi, Idp ké hoach 16 trinh robot.

ABSTRACT

This paper presents an improved method of the sparrow swarm algorithm (ISSA) for the robot path planning problem, based on the combination of the
standard sparrow swarm algorithm (SSA), the TCMM (Tent Chaotic Mapping Model) technique, which is a method that uses chaotic mapping based on the tent
map to generate random or pseudo-random sequences, often applied in optimization, encryption, or simulation algorithms, and the T-differential variant
algorithm, a position update mechanism in ISSA, where the individual's movements are adjusted by combining the difference between positions with the chaotic
sequence from the tent map. The highlight of ISSA is the ability to overcome the limitation of the standard SSA, which is easily stuck in local optima, through
increasing the diversity of the initial population and improving the global search ability. The T(MM method ensures the uniform distribution of sparrow
individuals in the initialization phase, while the T-differential algorithm enhances the interaction between weak individuals and the best group, helping the
group to escape from local optima effectively. In addition, the improved cubic spline interpolation technique is applied to smooth the path, improving the quality
of the path. To verify the effectiveness, the ISSA method was compared with four other state-of-the-art algorithms through simulation. The results show that
ISSA is superior in the optimality and reliability of the path. This success opens up many prospects in applying ISSA to robot path planning problems and other
combinatorial optimization problems.

Keywords: Tent-shaped chaos mapping, sparrow swarm algorithm, cubic spline interpolation, robot path planning.

'Khoa Dién - Dién t, Truong Dai hoc Su pham Kj thuat Hung Yén
Trudng Co khi - 0 t6, Trudng Dai hoc (ong nghiép Ha Noi

3Vién Tu dong héa, Vién Khoa hoc Cong nghé Quén Su

“Email: phandinhhieu@haui.edu.vn

Ngay nhan bai: 29/7/2025

Ngay nhan bai stfa sau phan bién: 16/9/2025

Ngay chdp nhan dang: 28/11/2025

Vol. 671 -No. 11 (Nov 2025) HaUl Journal of Science and Technology | 29



CONG NGHE

https://jst-haui.vn | P-ISSN 1859-3585 | E-ISSN 2615-9619

1. GIGI THIEU

Trong bdi canh cach mang cong nghiép 4.0, téi uu
hoéa di chuyén robot di ddng da tré thanh moét nhiém vu
quan trong nham dap Ung yéu cau vé hiéu suat, do
chinh xéc va tiét kiém nang lugng trong cac méi truéng
phtc tap [1, 2]. Tuy nhién, viéc thiét ké mot phuong
phap 1ap ké hoach dudng di va diéu khién chuyén dong
hiéu qua, dac biét trong khéng gian cé nhiéu rang budc
va chuéng ngai vat, van 1a mét thach thic 16n. Cu thé,
kha nang xt ly cac moi trudng doéng va bai toan t6i uu
hoéa t6 hop NP-hard la yéu t6 then chét trong viéc giai
quyét thach thuc nay [3-6].

Noi dén t6i uu hda di chuyén robot, cac phuong phap
metaheuristic, dac biét |a thuat toan Cai tién Tim ki€ém X3
hoi (Improved Social Spider Algorithm - ISSA), da néi bat
nho kha nang can bang gitra khai thac va tham do, giup
tim kiém giai phap t6i uu trong khéng gian da chiéu [7,
8].ISSA mo phéng hanh vi xa hdi cla loai nhén, tan dung
su phéi hgp va tuong tac gilia cac ca thé dé dat dugc muc
tiéu chung. Tuy nhién, cac phuong phap metaheuristic
hién tai thudng gdp hai thach thic: (1) dé bi mac ket & cac
diém t6i uu cuc bod do su khéi tao quan thé khong déng
déu, va (2) kha nang thich ting véi cadc moi trudng dong
con han ché, dan dén hiéu suat khong én dinh trong cac
kich ban thuc té.

D6i véi thach thic dau tién, ky thuat 1ap ban d6 hén
loan dang léu (Tent Chaotic Mapping Method - TCMM)
dugc ap dung dé tang cudng su da dang clia quan thé ban
dau, ddm bao su phan b6 dong déu trong khong gian tim
ki€m [9, 10]. TCMM st dung tinh chat hén loan ctia ham 1éu
dé tao ra cac gia tri ngau nhién, gilp cai thién chat lugng
gidi phap khéi tao [11]. D6i véi thach thic thi hai, thuat
toan bién thé T-differential dugc tich hgp dé nang cao kha
nang tim kiém toan cuc, cho phép ISSA thoét khoi cac diém
t6i uu cuc bo mot cach hiéu qua [12, 13]. Thém vao do, ky
thuat noi suy spline khéi cai tién dugc st dung dé lam
mugt dudng di, ddm bao quy dao di chuyén cua robot
khong chi toi uu ma con kha thi trong thuc té.

Dua trén cac can nhac trén, ching t6i dé xuat mot
phuong phap téi uu héa di chuyén robot dua trén thuat
toan ISSA cai tién, trong d6 TCMM va thuat toan
T-differential dugc sit dung dé xay dung mét quan thé
khai tao da dang va tang cudng kha nang tim kiém toan
cuc. Ky thuat néi suy spline khéi dugc tich hop dé dam
bdo cac dudng di mugt ma va khéng va cham. Phuong
phap nay dugc thiét ké dé tu déng diéu chinh cac tham
sO va thich Uing véi cd méi trudng tinh va déng, tur do
nang cao hiéu qua va dg tin cay cda I0 trinh robot.
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2. PHUONG PHAP LAP KE HOACH DUONG DI TOAN
CAU (ISSA)

2.1.Khéi tao cac anh xahénloan T

Anh xa hén loan Tent, mét mé hinh toan hoc clia cac
hé théng dong luc hoc phi tuyén tao ra hanh vi hén loan,
sinh ra cac quan hé anh xa thudng dugc sir dung dé tao
cac chudi ¢ vé ngau nhién nhung thuc chat mang tinh
xac dinh va cuc ky phtic tap. Dac tinh ngau nhién vuot troi
cung véi cac dac diém xac dinh cda no, két hop véi mé
hinh cau truc don gian va dé thuc hién, mang lai diéu kién
thuan loi d€ khéi tao ngau nhién vi tri clia quan thé va giai
quyét van dé vé chat lugng giadi phap ban dau kém.

Bi€u thic anh xa hén loan Tent dugc cai tién, st dung
trong bai bao nay, dugc trinh bay nhu sau:

Zxk
240,14 rand(0,1)})> 0% < 0,535 0

Zg
Z2—2x [+0,1 * rand(O,l)] 0535 =7 =<1

Bi€u d6 tan suat phan bé dugc thé hién trong sudt
5000 chu ky lap, quan thé ban dau dugc phan bé déng
déu trong khong gian tim kiém, diéu nay ho trg nang cao
hiéu qua t6i uu héa clia thuat toan va dé chinh xac cua
gidi phap.

2.2, Co ché két hop su chénh léch vi tri véi chudi hén
loan tit ban dé léu (bién phan vi phan T)

ZK+1 =

DPé khéc phuc nhitng han ché cla chién lugc cap nhat
vi tri clia cac ca thé tham gia trong thuat toan chim sé
truyén théng, chdng han nhu: s6 lugng phan ti tham
chiéu qua it, thiéu su tuong tac théng tin véi quan thé,...,
trong bai bao nay, ching t6i st dung bién thé vi phan T
két hop vdi phan phdi chudn dé tao ra cac ca thé mdéi.
Phuong phép nay dua vao su bién thién gilia cac ca thé
chim sé t8i uu va cac ca thé chim sé 1an can, tur d6 cac ca
thé mai dugc tao ra sé canh tranh véi cac ca thé ban dau
dé tién hoa. Viéc quyét dinh c6 thay thé cac ca thé ban
dau hay khong sé dua trén gia tri thich nghi ctia chung.
Qua trinh bién thé vi phan c6 thé dugc biéu dién bang
phuang trinh sau:

Xiy1 = Xj + A; *trnd(1, dim)
+2A, * randn(1, dim)

Noi ma X; biéu thj vi tri cGia ca thé thiti trong dan chim
sé, A;va A, la cac tham s6 dé diéu chinh budc bién thién,
trnd(1,dim) dugc hiéu la tao ra cac s6 ngau nhién tir phan
phéi t ctia Student véi t bac tu do, con randn(1,dim) dugc
hiéu la tao ra cac s& ngau nhién tir phan phdi chuan tac.

(2)

Bién phap nay tang cudng hon niia viéc trao d6i thong
tin gitta chim sé kém nhat va nhém phat hién, déng thoi
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chim sé kém nhat si dung théng tin nay nhu mot phan
hoi dé€ nang cao kha nang tim kiém ctia chinh né, tur do
cai thién kha nang tim kiém toan cuc cda toan bé quan
thé va gilp tranh viéc cap nhat roi vao trang thai tri tré
qua sém. Bong thai, vi tri ctia chim sé kém nhat nhanh
choéng tién gan dén khu vuc clia chim sé téi uu, diéu nay
nang cao hiéu suat hoi tu va d6 chinh xac t6i uu héa ctia
thuat toan. Ngoai ra, n6 con dong vai tro khuyén khich
dai vai vi tri ciia chim sé t6i uu, gitp tranh hiéu qua viéc
bi mac ket trong gidi phap t6i uu cuc bo va tang co hoi
thoét ra khoi gidi phap dé.

M6 hinh héa ban dé Méi truong ban d6 dugc chia
thanh cac 6, mbi 6 dugc gan gia tri 0 hoac 1 thong qua
qua trinh khai tao ngau nhién trong khu vuc va xt ly phan
doan ngudng.

Trong d9, trang thai 1 biéu thi vi tri clla chudng ngai
vat, con trang thai 0 biéu thi cadc nut dudng tiém &n. Dé
tang cudng khd ndang hinh dung, cac trang thai 0 va 1
dugc biéu dién bang mau trdng va den tuong ung.

Cac mo hinh toan hoc dé lap ké hoach 16 trinh

Sau khixac dinh mé hinh ban d6, bai toan lap ké hoach
dudng di cho robot c6 thé dugc dién dat nhu sau:

min J = pg YA O+ Js) + wpr 27 pr 3)

G day, Ju = |IP, = P4yl thé hién khoang cach
Euclidean gilra nat hién tai va nut lang giéng tiép theo.
Jsi = |IP; — Py|| Bi€u thi khoang cach Euclid ti nat hién tai
dén nut muc tiéu. pr; Thé hién su'lua chon uu tién ctia cac
nut 1an can tiém nang, thay déi theo cac vi tri hat khac
nhau ciing nhu cac chu ky 13p. pq va i, la cac trong s6
clia tiing yéu t6 sau khi dugc chuan hoa.

Véi vi tri hat hién tai da dugc xac dinh, tuc la vecto
quyét dinh da cho trudc, c6 hai yéu t6 chinh can xem xét
dé Iua chon cac nat c6 kha nang két néi:

(1) Su can bang gitta khoang cach gan va xa so véi muc
tiéu.

(2) P6 uu tién hodc trong sé cla nut.

Hudng truy vét dugc quyét dinh béi ham muc tiéu néu
trén, ma rong theo moi huéng tu diém xuat phat, va nat
c6 diém téng hop thap nhat sé dugc chon lam nut ti€p
theo, vi diéu nay thudng cho thay n6 vira gan véi nat hién
tai viia thuan lgi dé tién gan dén diém két thuc. Co ché loc
nay dugc |3p lai theo chu ky trudc khi cham téi diém dich
nham sang loc tdp hgp cac nut thudc dudng di ngan nhat
dudi vecta quyét dinh hién tai. Trong qua trinh tim kiém,
chi phi dudng di thu dugc sé dugc téi thiéu hoa, bsi méi
nut trén dudng di la nat cé chi phi nho nhat.
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DPang chuy la trong qua trinh tim kiém theo hudng hoi
tu vé muc tiéu, thuat toan thuc hién viéc sang loc so bo
tap hgp cac nut dap ing cac rang budc theo hudng tim
kiém, déng thai loai bo nhiing nut da truy cap trang thai
trong qua trinh duyét; trong giai doan lua chon thu hai,
nhiing nut cé tuyén dudng khong thé di qua va cac
dudng thadng ndi vai nat hién tai cat qua chuéng ngai vat
sé bi loai, con cac nut con lai dugc dua vao danh sach
trang; & giai doan lua chon thi ba, chi nhimng nat cé chi
phi nho nhat trong s6 cac nat lan can cudi cing méi dugc
sang loc.

2.3, Cac budc quy trinh thuc hién thuat toan

Cac budc thuat toan va so dé luong cho bai toan lap ké
hoach dudng di clia robot dua trén thuat toan chim sé cai
tién dugc trinh bay lan lugt trong Thuat toan 1 va hinh 1.

Bang 1. Thudt todn t6i uu héa vi tri dya trén ISSA

1. Ky higu:
o Dii liéu mdi trugng

Vi tri dan chim sé

Gid tri thich nghi cla dan chim sé

(du tric tham s6 thudt todn

2.Dau Vao: Dit liéu, Tham s6, Vi tri (X), Gid tri thich nghi (Y)

3. Khdi Tao: Khdi tao hon loan (X,Y)

4.VongLap:1 < j <s6lugng dan thi thuchién

5.V6i mai vong Lap: Mot ca thé chim sé cu thé thudc nhém nha sén xudt
trong Tap hop cc ca thé chim sé thudc nhom nha sén xudt thi thuc hién

6. Néu gia tri cdnh béo gay dong (Mot ca thé chim sé cu thé thudc nhom
nha san xuat ) thi thuc hién

7. Vi tri clia céc ca thé chim sé thudc nhom nha san xudt thi ap dung
chién lugc kham pha

8. Nguroc lai thi vi tri ctia cac cé thé chim sé thudc nhom nha sén xudt
thi dp dung chién lugc tim kiém ngau nhién

9. Két thuc diéu kién

10. Két thuic vong lap

11. Sap xép va loc (tap hop cac gia tri thich nghi) dé tim ra gia tri
thich nghi t6t nhat,gia tri thich nghi toan cuc tét nhat.

12. Vong lap: Vi méi ca thé chim sé thudc nhom tham gia trong tap
hop cac ca thé thudc nhom tham gia thi thuc hién

13. Néu tim thdy trang thai doi ( vdi méi ca thé chim sé thudc nhém
tham gia) thi thuc hién

14. V6i vi tri ctia cac ca thé chim sé thudc nhém tham gia
thi tim kiém noi khac dé kham pha cac khu vic méi.

15. Ngugc lai thi di chuyén dén gan vi tri ¢ thiic &n canh tranh véi cac
ca thé trong nhém dé cai thién vi tri.

16. Két thuic diéu kién

17. Két thiic vong lap
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18. Sap xép va loc (tap hop cac gia tri thich nghi) dé tim ra gia tri
thich nghi tét nhét,gia tri thich nghi toan cuc tét nhat.

19. Vong lap : véi mdi ca thé thudc nhom thuc hién canh béo trong
nhom canh béo vién ( nhém canh bdo bdo vé) thi thuc hién

20. Néu tim thdy trang thai nguy hiém tir mot ca thé bat ki thudc canh
bdo vién thi thuc hién

21. Di chuyén ca thé chim sé dén mét vi tri an toan trong khdng gian tim
kiém

22. Ngugc lai néu khong cd nguy hiém sé di chuyén chim sé dén vi tri
ngau nhién
23. Két thuc diéu kién

24. Két thucvong lap

25. Tao ra cd thé mdi béng cch phan phdi xac xudt va phan phdi chudn dé
tang cuting giao tiép giiia cac ca thé, ddc biét giita ca thé kém nhat va ca thé tot
nhdt, so sanh cc ca thé mdiva cii dua trén thich nghi d€ quyét dinh thay thé va
¢ap nhat vao gia tri thich nghi tét nhat, gia tri thich nghi toan cuc tot nhat.

26. Két thuc vong lap chinh

27. Tao ra duong di toi uu dua trén dif liu moi trudng va giai phap tot
nhét do thudt toan ISSA tim dugc.

Nhap cac tham sé moi
tredong

|

Ly thuyét hén loan
khoi tao dan

Sap xép theo chi s

cap nhat thich nghi

tim kiém cac giai phap
tiém nang

Cap nhat vij tri
twong rng véi viéc
gia tri canh bao co
vwot ngwdéng hay

khoéng

Tim kiém

Tim kiém cac nha san
xuét tét nhat va cap
nhat vi tri

ngéu nhién
cac khu vye
khac dé kiém
thirc an

> |
>

y
Tién hoa phan phéi tang cudng
trao déi tim kiém

Sé vong lap
t6i da

/ Puong di tdt nhat /

Hinh 1. Luu d6 thuat todn ISSA
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Phién ban cai tién (ISSA - Improved Sparrow Search
Algorithm), ching ta can tap trung vao viéc diéu chinh
cac tham s6 chinh dé cai thién hiéu suat, chdng han nhu
tang kha nang kham pha khong gian tim kiém, can bang
gitra khai thac (exploitation) va tham hiém (exploration),
déng thai tranh bi méc ket trong cac cuc tri cuc bo.

2.4. Cac cai tién chinh trong ISSA

e Tdng tinh thdm hiém (Exploration): Biéu chinh tham
s8 soft_value dé kiém soat xac sudt chuyén ddi giira cac
giai doan tim kiém réng va tim kiém cuc bé.

e Can bdng s6 lugng cd thé: Tang ty 1& Ngudi khdm phd
(recover_Percent) dé kham pha khéng gian t6t hon, déng
thoi gidm ty 1& Huéng dao sinh (scout_Percent) dé tap
trung vao khai thac.

e Tdng s6 lan Idp t6i da: Tang max_gen dé dam bao
thuat toan cé du thai gian héi tu.

e Dong luc hoc tham sé: S dung cac tham sé dong
(thay d8i theo s6 thé hé) dé cai thién kha nang thich nghi
cda thuat toan, vi du nhu giam dan soft_value hoac diéu
chinh ty 1& c& thé theo thai gian.

e T6i uu héa budc cdp nhdt vi tri: Diéu chinh cong thic
cap nhat vi tri ctia discoverers va followers dé tang tinh
ngau nhién hodc cai thién hudng di chuyén.
2.5.Lgiich cia ISSA

ISSA
20

18

16

14

12

10

0 5 10 15 20
Environment 1

Hinh 2. Két qud md phong thuat toan ISSA

e Can bdng tét hon gida thdm hiém va khai thdc: Cac
tham s& dong va ty lé ca thé dugc diéu chinh gidp thuat
toan kham pha khéng gian rong hon & giai doan dau va
tap trung khai thac & giai doan sau.

e Gidm nguy co mdc ket trong cuc tri cuc bo: Nhiéu ngau
nhién va sé lugng ca thé I16n hon gidp thuat toan thoat
khoi cac diém t6i uu cuc bo.
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e Hoi tu nhanh hon: Tang s6 thé hé va cai tién cong
thiic cap nhat vi tri gitp thuat toan tim ra giai phap tot
hon trong thai gian hop ly. Hinh 2 la két qua mé phéng
trén Matlab cta thuat toan.

Gia tri do dai nho nhat cda 16 trinh t6t nhat dugc tim
thay trong tat ca cac vong lap cta thuat toan ISSA dat
28,7265.

So sanh véi cac thuat toan SSA, ACO, ACO+GA

SSA
20

18

16

14

12

10

i
4 -

0 5 10 15 20
Environment 1

-
=

Hinh 3. Két qud md phdng thuat toan SSA

Gia tri do dai nho nhat cda 16 trinh t6t nhat dugc tim
thay trong tat ca cac vong lap clia thuat toan SSA dat
28,8294,

ACO
20

18

16

ACO+GA

=
4

20

18

16

14

12

=

6
2 ‘/r
0
0 5 10 15 20

X

Hinh 5. K&t qud md phong thuat toan ACO +GA

Gia tri d6 dai nhé nhat cda 16 trinh t6t nhat dugc tim
thay trong tat ca cac vong lap clia thuat toan ACO+GA dat
28,8585.

Qua nhiing hinh anh tir mé phéng va két qua c6 thé
thay, ISSA cho ra quang dudng t6i uu nhat.
3. KET LUAN

Két qua mé phong thuat toan ISSA da ching minh
tinh kha thi va d6 bén viing khi ting dung vao bai toén lap
ké hoach dudng di cho robot trong cac méi trudng phuc
tap. Nho tich hop ky thuat lap ban dé hon loan dang léu
(TCMM), thuat toan bién thé T-differential va ca ché noi
suy spline bac ba cai tién, ISSA tao ra cac quy dao di
chuyén t6i uu véi dé chinh xac cao va kha nang tranh
chuéng ngai vat hiéu qua. Tu dé, nghién ctu cho thay
hiéu suat vugt troi vé dé dai dusng di, d6 mugt cta quy
dao va kha ndng héi tu so véi cac thuat toan hién dai nhu
ACO, ACO+GA va SSA tiéu chuéan.

14
: o

X
‘ ==
3

0 5 10 15 20
Hinh 4. Két qud md phdng thuat toan ACO
Gia tri d6 dai nho nhat cda 16 trinh t6t nhat dugc tim
thay trong tat ca cac vong lap clia thuat toan ACO dat
31,7990.
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