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Particle Swarm Optimization (PSO) la mét thuét toén téi wu héa lay cdm hing tir hanh vi cda dan
chim trong viéc tim kiém thirc &n. PSO gilp téi wu héa théng qua viéc diéu chinh vi tri va van téc cia
céc cé thé (particles) trong khéng gian tim kiém. Trong bai toén tbi tru héa diéu khién robot bédng séng
héng ngoai, PSO c6 thé déng vai tro quan trong trong viéc tim ra cac théng sé téi wu, nhw téc dé di
chuyén, téc dé quay va dé nhay cam bién, dé robot c6 thé phat hién va tranh vat cdn mét cach hiéu

qua.

Tir khéa: cdm bién, diéu khién, séng héng ngoai, 1ap trinh Python, PSO, robot.

1. DAT VAN DE
1.1. ’'ng dung Thuat toan PSO vao téi wu hoa
diéu khién robot bang séng héng ngoai:

Gia slr ching ta cé mot robot s dung séng
hdng ngoai dé& phat hién vat can trong moi
trwong. Chang ta can téi wu héa ba théng sb
chinh:

Téc d6 di chuyén tuyén tinh cla robot.

Tbc dod quay cla robot

D6 nhay cam bién: Nguwéng séng hdng ngoai
dé xac dinh c6 vat can hay khéng.

Chung ta s dung PSO [1] dé tbi wu héa cac
théng sb trén, tao diéu kién tét nhat cho robot
hoat ddng hiéu qua trong viéc phat hién va tranh
vat can.

1.2 ’'ng dung lap trinh Python théng qua céng
cu trén colab.

Chung ta c6 thé sir dung ngdn ngi 1ap trinh
Python d& mé phdng qué trinh téi wu héa bang
PSO va (rng dung vao viéc diéu khién robot bang
séng hdéng ngoai. Ma Iap trinh Python c6 thé gitp
thay ré cach chwong trinh twong tac véi cac ca
thé (particles), cap nhat vi tri va van téc, cling nhw
danh gia hiéu suat ctia robot véi cac bd tham sb
khac nhau (hinh 1).

' & UntitledO.ipynb
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evaluate_performance(p) for p in personal_best])

Hinh 1. Sii dung cong cu trén colab viét 1ap trinh python

Vi su két hop ciia PSO va tdi wu héa diéu
khién robot béng séng héng ngoai mang lai két
qua tich cwc trong viéc tao ra robot hoat déng
hiéu qua va an toan trong méi tridng cé vat can.
S dung Python gilp tac gid mé phdng va th
nghiém thuat toan mot cach dé dang.

2. PHUONG PHAP NGHIEN CUU
2.1. Xac dinh Bai Toan:

DPau tién, can xac dinh rd bai toan cu thé
théng qua cac tham sb co ban cla robot can
nghién ctru 1a: “Tham sb 1” dai dién cho téc do di
chuyén tuyén tinh cta robot, robot di chuyén v&i
tbc do6 0.1 don vj trén truc X v&i mot don vi thoi
gian. “Tham sb 2” dai dién cho tbéc d6 quay cla
robot. robot quay v&i tbc do 0.5 don vi géc voi
mot don vi thoi gian. “Tham sb 3” s&v dung théng
sb clia cdm bién siéu am hong ngoai dé kiém tra
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khoang cach cla robot déi véi vat can va téi wu
hoa téc d6 di chuyén tuyén tinh va téc d6 quay dé
tranh va cham. Tiép dén cu thé hoa cac thong sb
nay lén thuat toan PSO nhu sb vong lap, sb
lwong particles, s chiéu (s lwgng théng sb can
t6i wu), va cac tham sé lién quan khac, dé ta co
th& dung Ham Danh Gia Hiéu Suét
(evaluate_performance) cua robot dwa trén bd
tham s6 dau vao [2].

Cu thé, trong doan ma Python, cac thdng sb
nay duoc xac dinh dwéi dang bién:
iterations: Sé vong lap cua thuét toan.
num_particles: Sé luong cé thé trong quén thé.
dimension: Sé lrong tham sé cén téi wu (& day la
3).
linear_speed: Tham s6 1, dai dién cho téc do di
chuyén tuyén tinh cta robot.
angular_speed: Tham s6 2, dai dién cho téc do
quay cla robot.
ultrasonic_sensitivity: Tham sé 3, st¥ dung théng
sé cla cdm bién dé kiém tra khodng cach cua
robot déi véi vat cén va téi wu héa téc do di
chuyén tuyén tinh va téc do quay dé tranh va
cham.

Néu muén diéu chinh cac tham sé nay, ta
c6 thé thay ddi cac gia tri, cach tinh van téc va vj
tri theo cach phu hop véi yéu ciu cta cu hinh
robot.

2.2. Viét Ham Danh Gia Hiéu Suét:

Viét ham mé phéng viéc danh gia hiéu suét
clia robot dwa trén bo tham sé. Ham nay céan
phan anh mdc d6 hoat dong hiéu qua cua robot,
sy xa gan so v&i muc tiéu va cac yéu td can toi
wu.

Dui day 1a mét vi du v& viéc viét ham danh gia
hiéu suét cla robot dwa trén bo tham sé:

‘import numpy as np
# Ham mé phdéng viéc danh gia hiéu suét cta
robot duwa trén bo tham sé
def evaluate _performance(parameters):

# Muc tiéu: [0.0, 0.0, 0.0]
target value = np.array([0.0, 0.0, 0.0])

# Tinh khoang cach Euclidean giira b6 tham
sO va muc tiéu

distance_to_target =
np.linalg.norm(parameters - target_value)

# Gia tri hiéu suét la khodng cach cang gén 0
cang tot

performance = 1.0/ (1.0 + distance_to_target)

return performance
# Test ham danh gié hiéu suét véi bo tham sé
[0.1,0.2, 0.3]
test_parameters = np.array([0.1, 0.2, 0.3])

test_performance =

evaluate _performance(test_parameters)
print("Hiéu suét ctia bé tham sé [0.1, 0.2, 0.3]:",
test_performance)”

Trong doan code trén, ham
evaluate_performance tinh  khodng cach
Euclidean gitra b6 tham s6 va muc tiéu [0.0, 0.0,
0.0], sau 46 tinh gia tri hiéu suat dwa trén khoang
cach. Muc tiéu ctia bai toan 1a dé gia tri hiéu suét
cang gan 1.0 cang tét, vi khodng céach cang gan
0 cang tét. Tuy thudc vao ban chét cla bai toan
thwc té co thé diéu chinh cach tinh toan gia tri
hiéu suat d& phan anh mrc dd hoat dong hiéu
qua clia robot va yéu cau cua bai toan [3], [4].
2.3. Xay Dwng Thuat Toan PSO:

Dwéi day la lwu dd va ma 1ap trinh cho thuat
toan PSO bao gdm viéc khéi tao quan thé ban
dau, cap nhat van téc va vi tri cla particles, danh
gia hiéu suat, va cap nhat vj tri tét nhat ca nhan
va toan cuc:

téc cua cac particle ngdu nhién

cho mdéi partid

-- K&t thuc lap

-- Tra vé vi tri tét nhit toan cuc (két qua téi wu)

ét thic

Hinh 2. Luu dé thuat toan
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Poan ma
‘import numpy as np
# Ham mo phdng viéc danh gia hiéu suét cta
robot dira trén b6 tham s6
def evaluate_performance(parameters):
target value = np.array([0.0, 0.0, 0.0])

performance = np.linalg.norm(parameters -
target value)

return performance

# Thuat toan PSO

def pso(iterations, num_particles, dimension):
# Khai tao quén thé ban dau
particles_position =

np.random.rand(num_patrticles, dimension)

particles_velocity = np.zeros((num_particles,
dimension))

personal_best = particles_position.copy()

global_best_index =
np.argmin([evaluate_performance(p) for p in
personal_best])

# Thuc hién vong lap PSO
for _ in range(iterations):
for i in range(num_particles):
# Céap nhat véan téc cua particle
inertia_weight = 0.5
cognitive_weight = 1.0
social_weight = 1.0
particles_velocity[i] = inertia_weight *
particles_velocity[i] +\
cognitive_weight *
np.random.rand(dimension) * (personal_best[i] -
particles_position[i]) + \
social_weight *
np.random.rand(dimension) *
(personal_best[global _best _index] -
particles_position[i])
# Cap nhét vj tri cda particle
particles_position[i] = particles_position(i]
+ particles_velocity[i]

# Danh gié hiéu suét cta particle méi

new_performance =
evaluate_performance(particles_position]i])

# Cap nhat vj tri tot nhat ca nhan va toan
cuc

if new_performance <
evaluate_performance(personal_best[i]):

personal_best[i] = particles_position]i]
if new_performance <
evaluate _performance(personal_best[global _be
st_index]):
global_best_index = i
return personal_best[global_best_index]
# Tham sé cla thuat toan PSO
iterations = 100
num_particles = 30
dimension = 3
# Chay thuéat toan PSO

best_parameters = pso(iterations,
num_particles, dimension)

print("B6 tham sé téi wu:", best_parameters)
print("Hiéu suét tuong tng:",
evaluate_performance(best_parameters))”

3. KET QUA VA THAO LUAN
3.1. Lwu két qua

Trwdc tién, ban can lwu lai két qua cla viéc
chay thuéat toan PSO. Piéu nay bao gébm cac bo
tham sé t6i wu va hiéu suat twong ng ctia ching
(bang 1).

Bang 1. Két qua mé phong

Bo tham s6 tdt nhat:

Tham s: [ 0.060227153 -0.00036245 @.02100667

Hidu sudt: 0.021132237068135405

BO tham s6 tol vu 1: [ 0.01069359 -0.10110571 0.02025202] - Hifu sudt tuong Ung: @.10366767321795825
B0 tham s6 tol vu 2: [ 0.3743148 -0.0815403  0.03949257] - Hiéu sudt tuong Ung: @.8980285684996575
BO tham s6 to1 vu 3: [ 0.86227153 -0.00036245 0.02100667) - Hifu sudt tuong ing: 0.021132237060135405
B0 tham s6 tol vu 4: [0.83341832 0.06485786 0.88429894] - Hifu sudt tuong ing: 0.11148828264861993

B0 tham s6 tol vu 5: [ 0.02990047 -.02145512 0.06918645) - Hiéu sudt tuong Ung: 0.87836533100666013
B0 tham s0 tol vu 6: [ 0.815409  ©.85611524 -0.02947255) - Hifu sudt tuong Ung: @.86523027655161241
B0 tham s6 to1 vu 7: [-0.84155074 -0.0112189  0.03259829] - Higu sudt tuong Ung: @.85399744294785848
B0 tham s6 tol vu 8: [-0.62292304 ©.01688693 0.009429 | - Hifu sudt tuong ing: 0.029992334722405117
B0 tham s6 tol vu 9: [-0.7971226 -0.00539912 0.82633258] - Hifu sudt tuong Ung: 0.08412252589579158
B0 tham s6 tol vu 10: [-0.84556861 ©.88119668 ©.00640898] - Hitu sudt tuong ing: 0.09332992215412984

Dwa trén di liéu co thé thuc hién phan tich
hiéu suét cia cac bo tham sé t6i wu. Ta co thé
tinh gia tri trung binh, gia tri téi thiéu, gia tri tbi da
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hodc dd léch chuan clta hiéu suét dé hiéu ré hon
vé sy bién dbi clia cac bd tham sb [5].

Hiéu suat cla cac bo tham sé téi uu
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Hiéu suat
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o
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B tham sé t6i uu

Hinh 2. Biéu dd hiéu suat cac bd tham sd tdi wu

3.2. Phan Tich Hiéu Suit:

Dwa trén di¥ liéu chung ta da lwu lai, chung ta
c6 thé thwc hién phan tich hiéu suét cia cac bo
tham s t&i wu. Muc tiéu clia phan tich nay la hiéu
rd hon vé bién dbi ctia hiéu suat va xac dinh bo
tham s6 cho két qua tét nhat. Chang ta cé thé tinh
cac théng sb nhw gia tri trung binh, gia tri ti thiéu,
gia tri tbi da va d6 léch chuan cla hiéu suét.

Céc gia tri trung binh, gia tri tbi thiéu, gia tri toi
da va dd léch chuan cua hiéu suat. Nhirng thdng
sb nay cho phép ching ta cé cai nhin tbng quan
vé phan phdi va bién ddi clia hiéu suét qua cac
lan chay thuat toan.

Hiéu suét trung binh: 0.07393539942551369

Hiéu suat téi thiéu: 0.021132237060135405

Hiéu suét t6i da: 0.11148828264861993

Do léch chuan: 0.02926890799924287.

Hiéu suét trung binh: K&t qua cho thay gia tri
hiéu suét trung binh ctia cac 1an chay thuat toan
PSO la khoang 0.0739. Diéu nay chi ra rang,

trong kha nang diéu khién robot bdng séng héng
ngoai, cac bd tham sb t6i wu trung binh dat dwoc
sw xa gan kha tét so véi muc tiéu.

Hiéu suat téi thiéu: Gia tri hiéu suét tdi thiéu
la khoang 0.0211, thé hién cho trwéng hop tét
nhat ma thuat toan PSO dat dwoc trong cac lan
chay. Diéu nay cho thay rang cé it nhat mét bd
tham sb t6i wu c6 kha nang lam cho robot dat
dwoc hiéu suat gan nhu téi wu.

Hiéu suat tbi da: Két qua cho thay gia tri hiéu
suét tbi da la khodng 0.1115. Diéu nay cho thay
trong mot sb 1an chay, viéc tbi wu hoa da dat
dwoc hiéu suét khong tét, do phu thudc vao céac
tham sé dau vao diéu chinh lai vong 18p hay tham
s6 dau vao co thé 1am thay dbi két qua trén.

D6 léch chuan: Gia tri dd léch chuan la
khodng 0.0293, thé hién s bién dbi ctia hiéu suét
qua céac lan chay. Diéu nay cho thay rang viéc toi
wu hoa cé thé dan dén két qua khac nhau dbi voi
cac bo tham sb tbi wu.

Tdng quan, két qua cho thay thuat toan PSO
da tao ra cac bd tham sbé cé kha nang diéu khién
robot bang séng héng ngoai véi hiéu suét twong
dbi tét. Tuy nhién, con sy bién dbi va kha nang
dat hiéu suét t6i wu con phu thudc vao viéc chay
thuat toan nhiéu lan. Piéu nay cé thé dan dén sy
thay ddi cGia hiéu suat va tao ra sy da dang trong
cac bd tham sé tdi wu.

Phan tich chi tiét nay gitp ta hiéu rd hon vé
cach thuat toan PSO anh hwéng dén viéc tbi wu
hoa bd tham sé va hiéu suét clia robot. Bang cach
phan tich ky thuat va danh gia cac két qua, ta c6
thé dwa ra quyét dinh vé bo tham sb nao 1a tét
nhét cho viéc diéu khién robot trong ngi¥ canh cu
thé.
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Bi€u dé gia tri tot nhat cta timg vong lap
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vong lap

Hinh 3. Biéu do gia tri tot nhat ctia cac vong lap

4. KET LUAN VA KIEN NGH]
4.1. Két luan

Dwa trén phan tich hiéu suat va biéu do,
chung ta cé thé xac dinh bo tham sb téi wu cho
hiéu suat tét nhat déi véi robot, thong qua viéc
&ng dung thuat toan PSO, ching ta da thé hién
kha n&dng ctia phwong phap tdi wu hoa trong viéc
cai thién hiéu suét diéu khién robot bang séng
héng ngoai.

Trong twong lai, viéc nghién ciru va phat trién
céac thuat toan ti wu héa nhw PSO con tiém nang
dwoc mé rong va irng dung rong rai trong nhiéu
linh vc cua dién tor di, dic biét la trong viéc tbi
wu hoa cac théng sé diéu khién va hiéu suat cta
cac hé théng phtre tap.

4.2. Kién nghi

Két qua cubi cung la bd tham sb tdi wu cho
robot. Tuy nhién, cling cdn xem xét kj vé wu
nhwoc diém cta PSO:

Uu diém:

Kha ndng kham pha khéng gian tham sé réng:
PSO kham pha va tim kiém trong khéng gian
tham sé lon.

Trién khai don gian: PSO dé dang hién thuc
va khoéng yéu ciu nhiéu théng sé phuirc tap.

Nhuwoc diém:

Dé roi vao vét can: PSO cé thé dé dang roi
vao vét can va khong tim ra gidi phap tbi wu toan
cuc néu khéng ciu hinh can than.

Chia sé théng tin gi¢i han: Kha nang tim kiém
t&t nhat phu thudc vao viéc particles cé thé chia
sé thong tin v&i nhau.

Kha nang xt ly khéng gian I&n: Trong khong
gian tham sb I&n, viéc tim kiém cé thé tré nén
khong hiéu qua va ton nhiéu thoi gian.
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ABSTRACT:

Particle Swarm Optimization (PSQ) is an optimization algorithm inspired by the flocking behavior
of birds in foraging. PSO helps optimize by adjusting the position and velocity of "particles” in the search
space. In the optimization problem of robot control using infrared waves, PSO can play an important
role in finding the optimal parameters, such as scanning angle, response time, and sensor sensitivity,
so that the robot can effectively detect and avoid obstacles.

Keywords: Sensor, Control, Infrared, Python Programming, PSO, Robot.

REFERENCES

1. Lisa L. Smith, Ganesh K. Venayagamoorth, Phillip G. Holloway, Obstacle Avoidance in
Collective Robotic Search Using Particle Swarm Optimization, IEEE Swarm Intelligence
Symposium, 05/12.

2. Luis Conde Bento, Gabriel Pires, Urbano Nunes, A Behavior Based Fuzzy Control Architecture for
Path Tracking and Obstacle Avoidance, Proceedings of the 5th Portuguese Conference on
Automatic Control, Aveiro, pp.341- 346, 2002.

3. Le Hung Lan, Le Thi Thuy Nga, Le Hong Lan, Aggregation Stability of Multiple Agents With
Fuzzy Attraction and Repulsion Forces, pp. 81-85, MMAR 2013.

JOURNAL OF SCIENCE AND TECHNOLOGY QUI, VOL. 01, ISSUE 03, 2023



TAP CHi KHOA HOC VA CONG NGHE QUI, TAP 01, SO 03 - 2023 PIEN TU - TW DONG HOA

4. Le Thi Thuy Nga, Le Hung Lan, Control the swarm robot to search for prey and avoid obstacles
using fuzzy logic, Journal of Transportation Science, pp. 15-20, 3/ 2014.

5. Le Thi Thuy Nga, Le Hung Lan, Control the robot swarm to avoid obstacles and search for targets,
3rd National Conference on Control & Automation 2016.

Ngay nhén bai: 19/8/2023;

Ngay gtri phan bién: 22/8/2023;
Ngay nhan phan bién: 08/9/2023;
Ngay chap nhan ding: 10/9/2023.

m JOURNAL OF SCIENCE AND TECHNOLOGY QUI, VOL. 01, ISSUE 03, 2023



