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Tém tit

Bai bdo trinh bay nghién cieu, thiét ké va ché tao
hé thong tw dong cdn bang 3 truc nham nédng cao
khad nang on dinh hinh anh cho camera vmg dung
tri tué nhan tao (Al). H¢ théng s dung cam bién
qudan tinh MPU6050 dé thu thap dir liéu gia toc va
vin toc goc theo 3 truc khéng gian. Thong tin ndy
duwge xir Iy bang thudt todn loc (Complementary
Filter/Kalman Filter) dé giam nhiéu va tinh todn
chinh xac cdc goc nghiéng (pitch, roll, yaw). Dir
liéu cam bién sau dé dwoc dwa vao bé diéu khién
PID nham diéu chinh tin hiéu diéu khién dén cac
déng co servo khéng chéi than trong cum gimbal
3 truc. Thiét ké co khi t6i wu véi vt liéu nhe, cung
vitng gitip giam khoi lwong va ndng cao do on
dinh khi van hanh. Két qua thir nghiém cho thdy
hé thong cé kha nang triét tiéu rung dong hiéu
qua, cdi thién dang ké chdt lwong hinh anh trong
nhiéu diéu kién méi truong khac nhau, ddp iimg
yéu cau img dung trong cdc hé thong quan sdt
thong minh, thiét bi di dong va camera Al hién dai.
Twr khoa: Hé théng ty dong cdn bdng 3 truc
Camera AI, MPUG6050.

Abstract

This paper presents the research, design, and
development of a 3-axis automatic balancing
system to enhance image stabilization for artificial
intelligence (Al) cameras. The system employs the
MPUG6050 inertial sensor to capture acceleration
and angular velocity data across three spatial axes.
The collected information is processed using
filtering algorithms (Complementary
Filter/Kalman  Filter) to reduce noise and
accurately estimate orientation angles (pitch, roll,
yaw). The filtered data are then fed into a PID

controller, which regulates the control signals for

brushless servo motors in a 3-axis gimbal
mechanism. The mechanical structure is optimized
with lightweight and rigid materials to reduce
overall mass while ensuring operational stability.
Experimental  results demonstrate that the
proposed system effectively suppresses vibrations,
significantly improves image quality under various
environmental  conditions, and meets the
requirements of intelligent surveillance systems,
mobile devices, and modern Al-based cameras, ...
Keywords: 3-axis automatic balancing system,
Camera AI, MPUG6050.

1. Mé dau

Trong nhitng nim gan day, su phat trién manh mé
cta cac hé thong thi gidc may tinh va camera tng
dung tri tué nhén tao (AI) da dit ra yéu ciu ngay cang
cao vé chit luong hinh anh va tinh 6n dinh khi ghi
hinh. Tuy nhién, trong thuc té, cac camera thuong
chiu anh hudng cua rung dong, dao dong co hoc hoac
chuyén dong ngoai y mudn, dic biét trong cac ung
dung di dong va quan sat thong minh. Hién tugng
nay gy suy giam dang ké chat luong hinh anh, lam
giam hi¢u qua cua cac thudt toan x Iy va nhan dang
dua trén Al

Trong linh vuc diéu khién phéan hi, bd didu khién
PID van la giai phap dwoc sir dung rong rdi nhd céu
truc don gian va hiéu qua cao. Ang va cong su [1] da
phan tich toan dién nguyén 1y, phuong phap thiét ké
va tng dung ciia bo diéu khién PID trong cac hé
thdng co dién t. Cong trinh nay chi ra rang PID c6
kha ning dap ung tbt cac yéu cAu vé 6n dinh va do
chinh x4c trong nhiéu hé théng thuc té, dic biét khi
dugc tinh chinh phu hop véi dac tinh dong hoc cia
d6i twong diéu khién. Pay 1a co s& dé nhiéu nghién
curu lya chon PID lam b diéu khién chinh cho céc
hé théng gimbal 6n dinh hinh anh. V& uéc lugng tuw
thé va xir Iy dir liéu cam bién quan tinh, Welch va
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Bishop [2] gidi thiéu thuat toan Kalman Filter nhu
mot phuong phap udc lugng trang thai toi wu trong
diéu kién nhidu. Thuat toan nay cho phép két hop
hiéu qua dir lidu tir gia toc ké va con quay hdi chuyén,
tuy nhién yéu cau mé hinh hé théng chinh xéc va chi
phi tinh toan twong d6i 16n. Nham khic phuc han ché
nay, Madgwick va cong su [3] da dé xudt thuat toan
wéc lugng tu thé dua trén phwong phép gradient
descent, cho phép giam dd phuc tap tinh toan nhung
van dam bao do chinh xéac cao, phu hgp véi cac hé
thong nhing thoi gian thyc. Bén canh d6, Mahony
va cong su [6] phat trién bo loc Complementary phi
tuyén trén khong gian SO(3), cung cip mot cach tiép
can chit ché vé& mat toan hoc cho bai toan udce lugng
tu thé ba chiéu. B loc nay ¢6 wu diém vé do 6n dinh
va chi phi tinh toan thap, dugc danh gia 1a phu hop
cho cac hé théng can béng nhiéu truc hoat dong lién
tuc. Cac nghién ctru trén cho thiy viéc két hop dir
liéu cam bién quén tinh véi cac thuat toan loc 12 yéu
t6 then chdt dé nang cao d6 chinh x4c wéc luong goc
nghiéng trong hé thong gimbal. Tai liéu k¥ thuat cia
InvenSense [4] cung cip thong tin chi tiét vé cam
bién MPU6050, bao gém dai do, do nhay va déc tinh
nhiéu. Pay 1a co s¢ quan trong cho viéc lya chon cam
bién, thiét ké phin cimg va xay dung thuat toan xir
1y tin hiéu trong céc hé thong cin bang 3 truc. Trong
linh vyc robot va thi gidc may tinh, Siciliano va cong
su [5] da trinh bay cac nguyén ly mo hinh hoa va
diéu khién cho cac hé co dién tir nhiéu béc tu do, tao
nén tang 1y thuyét cho viéc thiét ké co cdu gimbal 3
truc. Dong thoi, Szeliski [7] nhan manh vai tro quyét
dinh cta chit luong hinh anh du vao dbi véi hiéu
qua cua cac thudt toan thi gidc may tinh. Cong trinh
nay gian tiép khing dinh rang viéc 6n dinh hinh anh
& muc phin cung 1a can thiét nhim nang cao do
chinh xac cua cac hé théng nhén dang va theo doi ddi
tuong dua trén Al

Trong nghién ciru nay, nhom tic gia dé xuat mot hé
théng tu dong can bﬁng 3 truc danh cho camera Al, vdi
su hd trg ciia cam bién MPU6050 dé do gia tdc va van
tdc goc theo thoi gian thyce. Dit liéu thu thap duge xtr 1y
théng qua bd loc két hop (Complementary Filter) hodc
Kalman Filter d loai bé nhidu va tinh toan chinh x4c cac
goc dinh huéng. Két qua nay duoc dua vao bo diéu khién
PID nham phat tin hiéu diéu khién dén dong co gimbal,
gitip hé thng duy tri trang thai 6n dinh.

Muc tiéu chinh ctia bai bao 1a thiét ké, ché tao va
kiém chimg mot nguyén mau gimbal 3 truc c6 kha
nang giam thiéu rung dong hiéu qua, cai thién chét
lwong hinh anh va dép tng yéu cau tng dung trong
cac hé théng camera Al hién dai.

Ky thuat va Cong nghé Hang hai

2. Co s& 1y thuyét

Hé thong cén bang 3 truc cho camera (gimbal 3-
DOF) dugc xdy dung dua trén nguyén 1y 6n dinh hinh
anh théng qua co cau co khi va diéu khién phan hoi.
Céu trac gimbal bao gdm 3 truc chuyén dong doc lap:
Pitch, Roll va Yaw, cho phép bu lai cac dao dong tuong
mg ciia camera trong khong gian. Viéc diéu khién
chinh xéc cac truc ndy phu thudc chat ch€ vao cam bién
do ludng quan tinh va thuat toan diéu khién dong co.

2.1. Cim bién qudn tinh MPU6050

MPU6050 1a cam bién MEMS tich hop gia toc ké
3 truc va con quay hdi chuyén 3 truc, cho phép do
ddng thoi gia toc tuyén tinh va van tde goc. Tir dit liéu
nay, cac goc nghiéng (Euler angles: Pitch, Roll, Yaw)
¢6 thé duoc tinh toan. Tuy nhién, tin hiéu cam bién
thudng bi nhidu va sai s6 tich lity theo thoi gian, doi
hoi phai ap dung cac thuét toan loc Kalman Filter dé
cai thién d6 chinh xac.

Hinh 1 trén minh hoa cAu tao chan két ndi va hé
truc toa d6 do ludong ciia cam bién MPU6050. O hinh
bén tréi, so d6 chan (pinout) cho thdy MPU6050 bao
gbm 24 chén, trong d6 cac chan chinh dwgc str dung
trong ng dung gimbal 3 truc bao gdm: VDD (chan
13) cung cap dién ap nudi, GND (chan 18) ndi dit,
SCL (chan 23) va SDA (chan 24) phuc vu giao tiép
I2C v6i vi diéu khién. Ngoai ra, chan INT (chéan 12)
cho phép xuat tin hiéu ngat khi c6 dir liéu méi, hd tro
vi€c xur 1y thoi gian thyc. Céac chan con lai ¢ thé duoc
sir dung cho chire nang phu hodc & mé rong hé thong.
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Hinh 1. Cim bién qudn tinh MPU6050

O hinh bén phai, cam bién MPU6050 dugc mo ta
theo hé toa do 3 truc (X, ¥, Z) ding dé xéac dinh gia tbc
tuyén tinh va vén toc goc ctia ddi tugng gén cam bién.
Tryc X thuong nam ngang theo chiéu doc ctia bo mach,
truc Y theo phuong ngang vudng goc, va truc Z theo
phuong thang dimg. Hé toa do nay cho phép tinh toan
goc nghiéng Pitch, Roll, Yaw, 1a co s& dé hé thong
gimbal dua ra tin hiéu diéu khién dong co va can bang
camera trong khong gian 3 chiéu.

Trong hé théng can bé’mg 3 truc duoc dé xuét,
MPU6050 déng vai tro 1a cam bién trung tim dé do
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luong trang thai dong hoc cua camera. Thong qua cac
truc do gia tbe va con quay hdi chuyén thé hién ¢ hinh
trén, hé thong co thé xac dinh chinh xac sy thay do6i
goc quay va dao dong cuia camera theo 3 phuong Pitch,
Roll, Yaw. Dit liéu nay dugc truyén vé vi diéu khién
thong qua giao tiép I2C (chan SDA va SCL), sau d6
dugc xtr 1y bang thuét toan loc nham giam nhiéu. Két
qué thu dugc cung cap thong tin phan hoi thoi gian
thuc cho bo diéu khién PID, tir d6 phat 1énh didu khién
dong co gimbal dé triét tiéu rung dong. Nho 4o, so dd
chan két ndi va hé truc do luong ciia MPU6050 thé
hién trong hinh chinh 1a co s& phan cimg va nguyén
1y hoat dong quan trong gitip hé thong can bang 3 tryuc
dat hiéu qua 6n dinh hinh anh cao.
2.2. Két néi cam bién MPU6050 véi kit FPGA
Artix-7 thoéng qua giao tiép I’C

Hinh 2 trén mé ta so db két ndi gitra cam bién quan
tinh MPU6050 va kit phat trién FPGA Artix-7 (Arty
A7-100T). MPU6050 giao tiép v6i FPGA thong qua
chuan truyén thong I2C, trong d6:

VCC (d6): Cap ngudn cho MPU6050, thudng sir
dung murc dién ap 3,3V hodc 5V tuy phién ban module.

GND (den): Chan ndi dat chung cho mach.

SCL (xanh 13): Chan xung nhip dong hod (serial
clock line) do FPGA phat ra dé dong bo truyén dit liéu.

SDA (xanh duong): Chéan dir liéu ndi tiép (serial
data lie) dung dé truyén/nhan thong tin hai chiéu giita
MPU6050 va FPGA.

GND

B

MPU6050

Artix7_100t

Hinh 2. So db két néi cam bién MPU6050 véi kit
FPGA Artix-7 thong qua giao tiép I°C (SCL, SDA,
VCC, GND)

Trong c4u hinh nay, MPU6050 déng vai tro 13 slave
device, con FPGA Artix-7 dong vai tro master device
trong giao tiép 12C. Khi hé théng hoat dong,
MPU6050 lién tuc giri dit liéu cam bién (gia toc va
van tdc goc theo 3 truc X, ¥, Z) vé FPGA. Sau do,
FPGA thyc hién cac budc xir 1y tin hi€u (loc, tinh toan
goc Pitch, Roll, Yaw) va guri tin hiéu diéu khién dén hé
thng gimbal. So dd mach cho thy sy don gian trong
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két nbi phan ctg, dong thoi khang dinh kha ning tich
hop cia MPU6050 v6i cac hé thong diéu khién nhiing
dwa trén FPGA, giup dam bao tdc do xir Iy cao va dap
g yéu ciu can bang thoi gian thuc cua hé thong 3
tryc.

2.3. M6 hinh todn hoc ciia hé théng cin bing 3
truc

Dé hé théng gimbal 3 truc co thé triét tiéu cac rung
dong va duy tri dinh huéng 6n dinh cho camera, md
hinh toan hoc tap trung vao hai thanh phan chinh: Udc
luong tu thé tir cam bién va thuat toan diéu khién phan
héi PID.

Udc luong tu thé tir dir liéu cam bién MPU6050
Cam bién MPU6050 cung cap gia tdc tuyén tinh (a,
a,, a.) va van toc goc (g. g g:). Cac gbc nghiéng
(Euler angles) gdm Pitch (6) va Roll (¢) duge tinh
toan tir gia toc ké theo cac cong thirc lwong giac [8]:

¢ = arctan | —= (1)
aZ+a?
6 = arctan (_aa") )

Dé loai bo nhidu tir gia toc ké va sai sb tich lity ¢
tir con quay hdi chuyén, hé thdng ap dung bo loc két
hop [8]:

ay = (1 =P)(ap—1 + g-At) + B(@ge) 3)

Trong dé:

ap: Goc udce luong tai thoi diém hién tai;

S Hé s6 loc, quyét dinh trong sb giita dit liéu con
quay hdi chuyén va gia tc ké;

At: Chu ky ldy miu Bo diéu khién PID
(Proportional-Integral-Derivative)
nhitng phuong phap diéu khién phan hoi phd bién va
hiéu qua, duoc ing dung rong rii trong cac hé thong
co dién tir, dac biét 1a hé théng can béng gimbal 3
truc. Nguyén 1y co ban cua thuat toan PID 1a tinh
toan tin hiéu diéu khién u(?) dva trén sai s6 e(?), tirc
1a hiu gitra gia tri tham chiéu r(2) va gia tri thuc do
duoc y(t) [1]:

e(®) =r) —y(®) “4)

Trong do:

la mot trong

K, (Proportional gain): Hé sé ty 18, quyét dinh mirc
do phan tng tirc thoi voi sai soO;

K (Integral gain): Hé sb tich phan, loai bo sai s&
tinh bang cach cong don sai sé theo thoi gian;

Ky (Derivative gain): Hé sb vi phan, du doan xu
huéng thay d6i cua sai sb, gitip cai thién tinh 6n dinh
va giam dao dong.
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Tin hiéu diéu khién dugc x4ac dinh theo cong thic
[1]:
u(t) = Ky e(t) + K; [ e(r)dt + Kg =2 (5)
Trong hé théng can béng 3 truc, mdi truc Yaw,
Pitch, Roll d&u dugc diéu khién bang mot bo PID doc
lap. Dir liéu tir cam bién MPU6050 cung cap gia tri
¥(t) cho ting truc, sau d6 thuat toan PID tinh todn tin
hiéu diéu khién

u(t) va giri dén dong co servo twong tng. Nho do,
hé thong c6 kha nang bu sai sé nhanh chong va duy tri
trang thai can bang on dinh cho camera.

Hiéu qua cua md hinh hoc lién tuc va bd can bing
dugc dinh lwong théng qua sai s6 tuyét dbi trung binh
(MAE) va sai sb trung binh binh phuong (RMSE) dé
danh gia kha nang bam quy dao va bu sai sd [5]:

1
MAE = — Ll =il (6)

MAE = % i=1(ri = y1)? (7

2.4. Ciu tritc co khi gimbal

Luu d6 trén Hinh 3 mo ta thuat toan diéu khién tong
thé cua hé thdng can bang 3 truc sir dung cam bién
MPU6050 va cac bd diéu khién PID. Sau khi khi tao,
chuong trinh tién hanh két ndi va xu 1y tin hiéu tir
MPU6050 dé thu thap dit liéu gia toc va van tdc goc.
Dir liéu nay dugc st dung dé tinh toan cac gbc dinh
hudng thyc té theo 3 truc: Yaw, Pitch va Roll.

O mbi truc, hé théng so sanh goc do dugc voi gia tri
tham chiéu (Y,, vi Yy, P Vi Py, Ry v6i R,). Néu ¢o
sai 1&ch, tin hiéu sai s6 s& duogc dua vao b didu khién
PID tuong tmg dé tinh toan tin hiéu diéu chinh. Mdi
b PID hoat dong ddc lap cho mot truc, ddm bao kha
ning bu sai s6 theo thoi gian thuc va han ché nhiéu
chéo giira cac truc

Tin hiéu diéu khién dau ra tir cac b PID sau d6 dugc
truyén dén céc chuong trinh con diéu khién dong co
servo AC ¢ tung truc (Yaw, Pitch, Roll). Pong co servo
s& thuc hién diéu chinh co hoc dé dua camera trg vé
trang thai can bang. Chu trinh nay duoc Iap lai lién tuc,
dam bao hé thong c6 thé duy tri 6n dinh hinh anh ngay
¢ trong diéu kién moéi truong ¢ rung dong manh.

Luu d6 diéu khién thé hién 16 nguyén tic phan tach
diéu khién theo ting truc (Yaw, Pitch va Roll), trong d6
mdi truc dugc xem nhu mot vong diéu khién doc 1ap
nhung van ¢ su phdi hop chit ché trong tong thé hé
théng. Dir liéu thu thap tir cam bién quan tinh
MPU6050 duge xu ly dé xac dinh chinh xéc cac gbc
nghiéng theo ba phuong khong gian, sau do dugc dua
vao cac bo diéu khién PID twong tmg. Tin hiéu diéu
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khién déu ra tr cac bd PID duoc gui dén cac dong co
servo, tao thanh vong lap diéu khién khép kin c6 kha
nang phan hdi nhanh va 6n dinh. Cu trac diéu khién
nay gitip hé théng kip thoi bu trir cac sai léch goc do
rung dong hodc chuyén dong ngoai ¥ mubn, dong thoi
han ché nhiéu chéo giira cac truc, qua d6 nang cao hiéu
qua 6n dinh hinh anh trong diéu kién lam viéc dong.

Chuong trinh két
nbi xit Iy MPU6050

S l €roll

Chuong trinh Chuong trinh Chuwong trinh
con diéu khién con diu khién con diéu khién
b PID - Yaw bd PID - Pitch bé PID - Roll

Chuong trinh con Chuong trinh con Chrong trinh con

didu khién truyén diéu khién truyén diéu khién truyén

thdng dong co thong dgng co thong dong co
AC Servo - Yaw AC Servo - Pitch AC Serva - Roll
Ym pl\'\ R{l\

Hinh 3. Lwu dé thudt todn diéu khién cin bing 3
truc si dung MPUG6050, bé diéu khién PID va dong
co servo AC

3. Thiét ké bd diéu khién 3 truc
3.1. Thiét ké hé thong co khi

Hinh 4 minh hoa hé thdng diéu khién 3 truc va
ban diéu khién dung dé tao dao dong cudng burc theo
phuong ngang. Hé théng bao gém cac thanh phan
chinh: Bé d&, dong co servo, hop sé va ban lic ngang.
B¢ d6 c6 vai tro nang do toan b cum co khi va dam
bao do on dinh cho hé théng trong qua trinh lam viéc.
Pdng co servo dugc st dung lam co ciu chép hanh,
cung cip chuyén dong quay co kha ning diéu khién
chinh xac vé tdc do va vi tri. Chuyén dong tir dong co
dugc truyén qua hop sd nham giam tdc, ting mo-men
xodn va chuyén doi thanh chuyén dong dao dong ciia
ban lic ngang.

Cum gimbal dugc thiét ké theo kién triic 3 vong
ddng tam (base-yaw, middle-pitch, upper-roll) cho
phép tach biét dong hoc ting truc va giam nhiéu chéo.
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Khung chiu lyc gia cong dang khung hop va vanh
vong, bé tri cac gbi dd/ 6 1an & mdi truc dé dam bao
d6 runout nho va do cimg ving cao. Co cdu truyén
dong st dung dong co servo/BLDC tich hgp encoder
gan tryc tiép 1én mdi truc (quan sat tai cac cum gdi
bén hong cho truc Yaw-Pitch va cum 46 phia trén cho
truc roll), giup dat mo-men bu nhiéu 16n va dap tmg
dong nhanh. B¢ dé dat trén cac chan chinh cao c6 dém
chéng rung, cho phép can bang tinh hé thong va giam
truyén rung nén. Mam trén cung c6 mit bich lap
camera/cum cam bién; khoang giita tao khong gian
cho day cap di xuyén truc theo dang slip-through
nham han ché kéo céap khi quay 16n goc.

Hinh 4. Bé diéu khién 3 truc va bang diéu khién

Thiét k& wu tién phan bd khdi lvong d6i xtmg quanh
tam quay va ha thap trong tim dé giam mo-men quan
tinh téng, dong thoi cac chi tiét ¢ bé mat rong dam
bao dudng truyén luc ngén, han ché bién dang ubn.
Céc bé mit lip ghép dwoc chira vi tri can chinh (1
chuén/slot dai) dé can chinh déng truc sau ché tao.
Day dan nguf‘)n - tin hi€u di theo rdnh bao vé doc cac
gan khung, giam nhiéu dién tir va nguy co ket cap khi
thao tac. Nho két cdu nay, cum gimbal dap tng yéu
cau: (i) do cumg vitng cao cho dai tin rung muc tiéu,
(ii) quan tinh thap cho dap tmg diéu khién PID nhanh,
va (iii) kha niang bao tri, thay thé mo-dun truyén
dong/cam bién thuén tién trong van hanh thyc nghiém.

Hinh 5. Bj diéu khién 3 truc va bing diéu khién
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Hinh 6. By diéu khién 3 truc vi bing diéu khién
3.2. Thir nghiém mé hinh

Bé tao song dugc ché tao va lép dat nham mo
phong song ngang. Hé théng dugc didu khién biang
PLC, c6 kha nang tao ra goc nghiéng trong dai tu
0° dén 180°. Trong qua trinh thir nghiém, bé duogc
van hanh & nhiéu géc nghiéng khac nhau. Bién do
va tc do lic dugc diéu chinh linh hoat dé danh gia
phan tng cta bo diéu khién 3 truc gimbal camera
trong viéc duy tri trang thai can bang.

Bing 1. Thay déi tén sé lic

Lan Tn s6 f D§ phian Bién d¢

thir (Hz) giai R lic A
1 10 8 1500
2 20 8 1500
3 30 8 1500
4 40 8 1500
5 50 8 1500
6 60 8 1500

Bing 2. Thay déi phén gidi R

Lan Tén s6 f P) phan Bién dd

thir (Hz) giai R lic A
1 60 6 1500
2 60 7 1500
3 60 8 1500
4 60 9 1500
5 60 10 1500
6 60 11 1500

Bing 3. Bién dp lic A

Lin Tén sb f Do phan Bién do

thir (Hz) giai R lic A
1 60 8 1200
2 60 8 1300
3 60 8 1400
4 60 8 1500
5 60 8 1600
6 60 8 1700
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Bing 4. Anh hwéng ciia tin s6 lic (f) dén d¢ én dinh hé thong (tai R=8, A=1500)

Lan thir | f(Hz) | RMSE (d40) | Thoi gian dip Gng (ms) Trang thai h¢ thong
1 10 0.012 15 Hoat dong rat on dinh
2 20 0.015 18 Hoat dong 6n dinh
3 30 0.022 22 Bit ddu c6 nhiu nhe
4 40 0.045 35 Sai s6 tang dan
5 50 0.088 52 Ngudng gi6i han bu sai s6
6 60 0.125 78 Xuat hién hién tugng tré hinh dnh
Bing 5. Anh hwéng ciia dp phan gidi (R) dén dé min chuyén dong (tai f=60, A=1500)
Linthir | R | RMSE (d9) Do muot hinh anh (%) Ghi cha
1 6 0.185 75% Xuét hién hién tuong ring cua
2 7 0.150 82% Cai thién d6 min
3 8 0.125 88% Mirc chdp nhan duoc
4 9 0.102 92% Chuyén dong muot ma
5 10 0.095 95% Do chinh xac cao
6 11 0.092 96% Téi wu cho gimbal
Bing 6. Anh hwéng ciia bién dg lic (A) dén khd ndng chiu tdi (tai f=60, R=8)
A - A Goéce A B s
Lan Bién do RMSE n z. | Hi¢u suat bu .,
thir A (do) ngh1engA toi sai 6 (%) Ghi chu
da (d9)
1 1200 0.085 15 99.1% Hoat dong 1y tudng
2 1300 0.105 18 98.5% On dinh cao
3 1400 0.135 22 97.2% Trong ngudng cho phép
4 1500 0.175 26 95.8% Bit dau c6 rung nhe
5 1600 0.220 31 93.6% Tai dong ting manh
6 1700 0.255 35 91.5% Xuét hién hién tugng bao hoa co hoc

Trong nghién ctu nay, hiéu suit cua hé théng can
bang gimbal dwoc danh gia théng qua bé thir nghiém
md phong chuyén dong séng bién. Cac thong sé thyc
nghiém nhu tan sb lic (f), 6 phan giai (R) va bién do
lic (4) duoc thiét 1ap nham tai hién cac kich ban hai
trinh tir 6n dinh dén khic nghiét, lam co so dé kiém
chimg kha nang bu trir dao dong cuia thuat toan. Tan sb
(f), don vi Hertz (Hz), dai dién cho s6 chu ky dao dong
ma bé tao soéng thyc hién trong mdt don vi thoi gian.
Trong thuc nghiém mod phong séng bién, tin sé £ quyét
dinh nhip d6 ciia cac chuyén dong lic ngang (Roll) hoic
lic doc (Pitch) ap dung 1én bd gimbal. Mdi lién hé giira
tan s6 va chu ky dao dong (7). Viéc diéu chinh tan sb
tir 10Hz dén 60Hz cho phép hé thong danh gia kha ning
dap g tan sb cia mo-to gimbal, dam bao thiét bi co
thé phan tng kip thoi trudce cac dao dong nhanh va lién
tuc. P9 phan giai (R) dinh nghia murc d6 chi tiét trong
viéc phan cip cic bude chuyén dong clia bé tao séng.
Mot do phan gidi cao (R=11) cho phép bé thir tao ra cac
chuyén dong muot ma, tiém can vai su bién thién lién
tuc ctia song ty nhién, tir d6 giam thiéu cac xung nhidu

ky thuat khong mong muén trong qué trinh do luong
sai s6 ctia camera. Gid trj R dwoc hiéu chinh dé tim ra
diém ti wu gitra d6 min cta quy dao mo phong va tde
d6 truyén tin trong hé théng diéu khién thoi gian thyec.
Bién d6 (4) dai dién cho d6 1éch tbi da cua bé thu so
Vi vi tri can bang tinh, m6 phong cuong do va do cao
clia song bién tac dong 1én tau. Trong moi trudng thir
nghiém, bién do lic 4 (khao sat tir 1200 dén 1700 don
vi) tao ra cac goc nghiéng t6i han dé kiém tra gidi han
hoat dong cla cac truc gimbal. Viéc thay ddi bién do
gitp kiém chimg tinh bén vimg cia ky thuat cing cd
trong s6 dan hoi trong viéc duy tri truc quang hoc ciia
camera 6n dinh ngay ca khi bé thir chiu cac tac dong
rung lic manh va dt ngét.

Két qua tai Bang 4 cho théy mobi lién hé ti 16 thudn
giita tan s6 lac va sai s6 RMSE. Khi f'tang tir 10Hz 1én
60Hz, thoi gian dap tng cua hé thong ting tir 15ms
1én 78ms. Diéu nay giai thich ring & tin sb cao, cac
mo-to cua bé tao séng va gimbal phai lam viéc &
cuong d6 16n, dan dén hién tugng tré pha giira tin hiéu
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diéu khién va chuyén dong thyc té. Tuy nhién, & mirc
f=30Hz, RMSE van duy tri & mtrc cyc thip (<0,025
d¢), minh chirng cho thuat toan phan hdi hoat dong rat
hiéu qua. Do phan giai R dong vai tro quyét dinh dén
d6 min cua quy dao mo phdng. Tai Bang 5, khi nang
cap R tir 6 1én 11, chi s6 RMSE giam gan 50% (tir
0,185 xudng 0,092). Phan tich nay cho thdy véi do
phan giai cao, bé tao song co6 thé tai hién cic cung bac
nho cua song bién, giup bg gimbal thyc hién cac bude
bu sai sb tinh vi hon, loai boé hién tugng rung giat
(jitter) trén khung hinh camera. Tac ddng cta bién do
lic (A). Bién do A phan anh gi6i han vat 1y cta thiét
bi. Theo Bang 6, khi bién d§ dat muc 1700 (twong
duong goc nghiéng khoang 35°), hiéu suét bu sai sb
bét dau suy giam xudng con 91,5%. Pay 1a ngudng
gi6i han cua co céu co khi b gimbal. Tuy nhién, viéc
mg dung k¥ thuat Cung c¢6 trong sé dan hoi (EWC)
trong mo hinh duy béo gitp hé thong duy tri dugc tinh
on dinh, khong xay ra hién tuong mat kiém soat dot
ngot khi bién do thay déi manh. Cac dir liéu thuc
nghiém trén di cung cép bang chimg dinh luong day
du vé kha nang van hanh cia hé thong. Su két hop
gitra bé tao song c6 dd phan gidi cao (R=11) va thuit
toan hoc lién tuc cho phép duy tri sai s6 6n dinh duéi
ngudng cho phép ngay ca trong didu kién mo phong
song bién khic nghiét nhat.

3.3. Ddnh gid két qud va théo ludn

Hinh 7 trinh bay su thay ddi goc nghiéng ctia hinh
anh khi hé théng camera chiu tac dong cuia bo tao
nghiéng-lic theo hai huéng trdi va phai. Trong thi
nghiém nay, goc nghiéng vé phia trai dugc thiét lap &
mirc 15°, trong khi goc nghiéng vé phia phai 1a 30°, véi
bién do lac 1500. Dudi tic dong ctia cac dao dong nay,
hinh anh thu nhén tir camera xuét hién hién tugng rung
lic va sai léch déng ké so voi mat phang nim ngang,
lam suy giam chét luong hinh anh ciing nhu do chinh
xac cua cac thudt toan xtr Iy anh phia sau.

Nghiéng
phai 15°

Nghiéng
trai 30°

Cén bang
on dinh goc

—
—
_ Sl

Hinh 7. Hinh inh dwgc cin bing khi bi nghiéng ¢
cdc goc dp khac nhau

nghiéng
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Sau khi 4p dung bo can bang hinh anh, cac dao dong
va sai léch goc da duogc higu chinh hiéu qua, giap hinh
anh duoc duy tri 6n dinh ¢ goc nghiéng so v6i mit phing
ngang la & = 1,5°. Két qua nay cho thiy bo can bang hinh
anh c6 kha nang giam thiéu dang ké anh huong ctia rung
lic va bién doi tu thé trong qua trinh thu nhan di ligu.
Nho d6, chat luong hinh anh déu vao dugc cai thién 16
rét, dam bao do rd nét va tinh 6n dinh can thiét cho cac
thuat toan theo ddi va truy vét dbi trong. Diéu nay gop
phén nang cao d¢ chinh xéac va do tin cdy ciia hé thong
camera, dic biét trong cac img dung yéu cau gidm sat va
nhan dang dbi tuong trong diéu kién lam viée co rung
dong hodc chuyén dong phirc tap.

Sau khi duoc can bang, thi nghiém vé str dung phan
mém ngan ngira va cham va ctru ho hang hai phat hién
va theo doi cac dbi tuong trén bién, cac dbi tuong khac
nhau dugc phat hién va nhan dién nhu trén Hinh 8.
Hinh anh minh hoa giao dién hé thdng Marine Rescue
- Collision Preventing System cho thay hiéu qua budc
dau cua viéc ung dung thi giac may tinh trong bai toan
phat hién va hd trg phong tranh va cham trén bién. Hé
thong c6 kha nang nhan dang ddng thoi nhiéu phuong
tién thiry khac nhau nhu tau hang va tau kéo, thé hién
qua cac khung bao (bounding box) kém nhén phan loai
va thong tin khoang cach wdce lugng theo thoi gian thye.
Két qua phét hién cho thdy mé hinh hoat dong 6n dinh
trong diéu kién moi truong bién ngoai trdi, véi cac ddi
tuong & nhiéu khoang cach khac nhau van dugc xac
dinh tuong dbi chinh xac. Giao dién hién thi truc quan,
két hop giita hinh anh camera va bang théng tin muc
tiéu, gitip ngudi van hanh dé dang theo ddi tinh hubng
giao thong hang hai.

PP —

& Marine Collision Warning System

R PR ) E
[=.

Hinh 8. Cic doi twgng dwoc phdt hién va nhdn dang
trén bién

4. Két luan

Bai bao di trinh bay qué trinh nghién ctru, thiét ké
va ché tao thanh cong hé théng tuy dong can bing 3
truc nhdm 6n dinh hinh anh cho camera tmg dung tri
tu€ nhan tao. Hé théng duoc xay dung trén co sd tich
hop chit ché giita cam bién quan tinh MPU6050, thuat
toan loc tin hiéu (Complementary Filter/ Kalman
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Filter), by diéu khién PID va co cdu gimbal 3 tryc sir
dung dong co servo, cho phép phat hién va bu trir hiéu
qué cac dao dong theo 3 phuong Pitch, Roll va Yaw.

Két qua thir nghiém cho thdy hé théng c6 kha
nang giam dang ke rung lic va sai 1éch goc nghleng,
duy tri trang thai on dinh cua camera véi sai s6 goc
nho (khoang ¢=1,5°) ngay ca khi chiu tac dong cia
cac dao dong cudng birc v4i bién do va tan sb khac
nhau. Nho d6, chét lugng hinh anh dau ra duoc cai
thién rd rét, dap mg tot yéu cau ciia cac thuét toan
thi giac may tinh trong bai toan phat hi¢n, theo doi
va nhan dang dbi tugng. Viéc thur nghiém thyuc té
v6i hé thong phat hién va phong tranh va cham trén
bién d4 budc dau chimg minh tinh hiéu qua va kha
ning Gmg dung cia giai phap dé xuat trong céac diéu
kién moi trudng phirc tap.

Bén canh hiéu nang diéu khién, thiét ké co khi
ciia gimbal duoc tdi wu theo huéng gon nhe, cling
vitng va phan bd khdi lugng hop 1y, gitp giam mé-
men quan tinh, ndng cao d¢ 6n dinh va thuan loi cho
viéc tich hgp vao cac nén tang camera Al hién co.
Diéu nay cho thay hé théng khong chi phu hop trong
nghién ctru ma con ¢ tiém nang trién khai trong thuc
tién, dic biét trong cac linh vuc nhu giam sat hang
hai, phuong tién ty hanh, robot di dong va thiét bi
quan sat thong minh.

Trong céc nghién ciru tiép theo, nhom tac gia sé
tap trung vao viéc t6i wu tham sé diéu khién bang cac
phuong phap thong minh, moé rong mo hinh dong hoc
dé nang cao kha nang bu nhidu phi tuyén, cling nhu
tich hop sau hon véi cac thuat toan Al nham xay dung
cac hé théng camera thong minh c6 do 6n dinh, do
chinh xac va marc d0 tu cha cao hon.

Ky thuat va Cong nghé Hang hai
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