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GIAI PHAP ON PINH HINH ANH CAMERA QUAN SAT TRENBIEN
DUA TREN HE THONG TU' CAN BANG SU DUNG CON QUAY HOI CHUYEN

Pham Minh Kha, Nguyé&n Quang Thi”
Truong Pai hoc Ky thudt Lé Quy Dén

TOM TAT

Bai bao dé xuat mot phuong phap diéu khién trugt co xét dén bu ma sat giup nang cao kha nang tu
6n dinh cua h¢ thong bé camera vdi cac yéu cau giam sat muc tiéu tam xa va di chuyén t6c do cao.
Phuong phap nay c6 thé dugc ap dung cho cac hé théng bé camera tam xa dit trén tau dé quan sat
muc tiéu trén bién khi chiu su tac dong rung lic tir than tau gdy mét 6n dinh hinh anh thu dugc,
diéu d6 anh hudng tryc tiép dén do chinh xac va kha ning quan sat, giai phap giam rung lic cta
camera dudi tac dong cua than tau gitip cho hinh anh video rd rang va 6n dinh hon. Thuét toan
diéu khién truot sir dung luét tiép can theo cap sd nhan cho phép hé thong nhanh chéng theo ddi
tin hiéu 1énh véi hiéu tng dong tdt, két qua cho thay hé théng c6 do chinh xéac dinh vi cao va hiéu
suét tdt, co thé dap umg cac yéu cau thiét ké. Két qua mo phong va thuc nghiém cho thdy, so véi
phuong phap diéu khién PID c¢b dién, bo diéu khién trugt co thé loai bo hidu qua hién tugng “leo”
(climbing) va “dinh phang ’( flat-top) do ma sat.

Tir khéa: Camera t on dinh; muc tiéu trén bién; diéu khién trueot; ma sdt; PID
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SOLUTION FOR IMPROVING THE STABILITY OF SHIP MOUNT PTZ CAMERAS
BASED ON GYROSCOPIC ACTIVE SELF-BALANCE PLATFORM

Pham Minh Kha, Nguyen Quang Thi"
Le Quy Don Technical University

ABSTRACT

A sliding control method that takes into account mechanical friction compensation is proposed to
improve the self-stabilization of the camera platform with long-range target monitoring
requirements and high-speed movement of the platform. This method can be applied to long-range
camera platforms on sea ships to observe sea surface targets. The ships platform is subjected to
vibration from the hull which causes instability and damage the tracking accuracy and image
quality when operating reduces camera shake under the action of the hull improves the quality of
self-stabilization and video images. The slider control algorithm uses exponential access rules
which allows the system to quickly monitor control signals with good dynamic response time, the
results show that the system has high positioning accuracy and good performance and can be able
to meet the practical design requirements. Simulation results and experiments demonstrate that,
compared with the classical PID control methods, sliding control method can eliminate effectively
“climbing” and “flat-top” phenomenons due to friction.
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1. Giéi thiéu

Hé théng camera quan sat dat trén tau bién
g6m hai bd phan chinh tao thanh 1a hé théng
bé quay tim hudng tu 6n dinh ding con quay
va camera quan sat dugc dat 1én bé quay. Gid
va song s& anh huong dén than tau khi dang
di trén mat bién va khién chung lic lu. Hinh
anh Camera gin trén tau ciing khong 6n dinh
do anh huong cia no, khién muc tiéu khi
quan sat bi dich chuyén hodc mit. Do do,
Camera phai duoc lép dat trén mot bé quay co
kha nang tu on dinh trén tau dé bu lai cho su
dao dong cua tau. Trong diéu kién hoat dong
trén bién, thi ngoai song bién tac dong lam bé
quay rung lac, luc can ciia gio, lyc ma sat va
lyc quan tinh cta ty than bé quay, dac biét ddi
v6i hé théng camera tam xa thi vin d¢ diéu
khién cang thém kho khan, can nghién ctru va
phén tich sau hon [1].

Hién nay, cac hé théng Camera quan sat trén
bién thuong cé trong lwong va mod-men quan
tinh 16m, do vay viéc thiét ké co khi hé thong
bé quay phai dam bao hop 1y dé nang cao do
chinh xéc, giam thiéu mo-men quan tinh, mat
khac ciing phai chon phuong phap diéu khién
t6i wu v6i muc dich cai thién tinh ning hé
thong [2]. Hé thdng 6n dinh duoc thiét ké
trong khudn kho bai bao nay 1a mot thiét bi co
thé giir cho vat thé dugc 6n dinh dudi sy tac
dong tir bén ngoai nham duy tri hudng ciia nd
ludn gitr ¢b dinh so v6i khong gian quan tinh
hodc thuc hién dung theo hudéng ma nguoi
diéu khién mong mudn.

Phuong phap diéu khién hiéu chinh mién tin
s6 dién hinh c6 thé dam bao hé thong tuong
dbi 6n dinh trong mot pham vi nhat dinh,
nhung mé hinh chinh xac cua dbi tuong diéu
khién rat khé duoc xac dinh va nhitng thay
d6i trong diéu kién méi truong s& anh huong
dén cac dic tinh cua chinh hé thng [3]. Pic
biét 1a trong cac thiét bi trén tau, khi than tau
& cac tu thé chuyén dong khic nhau, trong
tam ctia hé thong s& thay doi va mo-men ma
sat gilta cac truc ciing thay d6i xay ra hién
tuong khi dong co hoat dong o tde do the”ip thi

gay ra hiéu tng lac dung, lac cham, luc nhanh
hay con goi hiéu tng “leo” (climbing), khi
thay d6i huéng quay thi co mot khoang tré ma
dong co khong quay goi la hi¢u Gng “dinh
phang ”( flat-top). Cac yéu té nay s& lam cho
nhitng dic diém cua doi tuong duogc diéu
khién khac vé6i cac truong hop ma trong quéa
trinh didu chinh ma dic tinh cia hé théng
khong ddi. Do vdy, chung t6i dé xudt phuong
phap diéu khién trugt co xét dén bu ma sat va
dd nhay véi cac tham s6 duoc thiét ké, 1am
cho hé thdng c6 hiéu sut tot hon.

Pé c6 duge hinh anh video 10 rang, giai phap
sit dung mot co ciu bé quay Camera ty Oon
dinh ding con quay hdi chuyén véi cau trac
co dién quay goc tam va huorng Céu triic
Servo hai phan vé& co ban 1a giéng nhau. O
day, chi c6 mot hudng duoc sir dung lam vi
du. Hé thdng Servo chira hai vong diéu chinh
bén trong va bén ngoai: vong phan hdi toc do
1a vong lap bén trong, dira vao con quay dé do
van tdc va gia toc goc, tir 46 dong co sé chay
theo huéng nguoc lai dé dam bao do 6n dinh
clia mat phang Camera, vong phan hdi vi tri
bén ngoai thu dugc thong tin vi tri goc thong
qua chuyén ddi dir lidu gia tbc ma cam bién
do duoc. So dd khdi hé thdng duge hién thi
trong hinh 1.

PC giam séat
vahién thi Camera
hinh anh
Y #NHIEU T
Bo diéu bong co .
s > ¥ B
khién nhiing dign | (0> Bé quay

A

.

Hinh 1. So dé hé théng Camera tw on dinh
2. Thiét ké hé thong tyw 6n dinh
2.1. Phan cirng

CAM BIEN

Hé théng diéu khién bé camera ty 6n dinh
trong nghién ctru nay chu yéu bao gdbm may
tinh chu PC, bd diéu khién trung tim MCU,
con quay hoi chuyén, bo driver diu khién
doéng co, dong co, cac bd cam bién vi trf va
phan co khi cua bé quay.
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Nguyén 1y 1am viéc ciia hé théng tu on dinh
nhu sau: con quay phat hién van tde gbc va do
léch goc tai thoi gian thuc cua Camera, sau
khi tin hiéu tir con quay dugc loc va xur ly thi
dugc gii dén bo diéu khién trung tim. Bo
diéu khién trung tdm nhan duogc tin hiéu phan
hdi tir con quay két hop véi tin hiéu diéu
khién tir may tinh giao dién ngudi dung PC sé&
tinh toan va dua ra 1énh diéu khién dén bd
chap hanh dong co. Dong co duge diéu khién
theo huong tri€t tiéu dao dong cua than tau,
gitip cho hinh anh thu duoc tir camera 6n dinh
trong qua trinh hoat dong.

Tat ca cac co ciu chap hanh phai duoc lip dat
trén mot co cau co khi doi hoi thiét ké toi uu
va chinh x&c nham dam bao cho hé thdng khi
van hanh dat dugc két qua nhu mong mubn.
So db thiét ké mach nhu trong hinh 2.

LAN » CAMERA

] v
SERVO GOC|| SERVO
HUONG GOC TAM

| P
e M e b

AC i
[ conauar |
| ;

BE QUAY

Hinh 2. Cdu tric hé théng Camera tir 6n dinh
2.2. Thiét ké phan mém nhiing cho by diéu
khién trung tam
Cung vé6i viéc thiét ké phan cting cho hé
thong thi viéc thiét ké phan mém dong vai trd
quan trong. Mot mat, thuat toan diéu khién
ciia hé théng va mach phan cimg phai dugc
hién thuc hoa bang thiét ké phan mém. Mat
khac, tit ca cac chirc ning, phan mém dugc
thiét ké phai c6 do tin cdy cao dé dam bao hé
thong hoat dong 6n dinh va dang tin cay.
Phan nay két hop thiét ké phan cung ciia hé
thong diéu khién dé thiét ké phan mém bo
diéu khién trung tam.

DPé thuan tién cho viéc g0 16i va bao tri hé
thong, phan mém cho bo diéu khién trung tam
s& dugc phat trién dua trén phan mém tich
hop pVision IDE cta bd vi diéu khién MCU,
sit dung ngon ngir lap trinh C va thiét ké
thanh cac md-dun dé phéan chia theo chuc
niang hé théng. Cac budc thiét ké chuong
trinh nhu sau: nam rd cac chirc ning tong thé
cua hé théng va cac dic diém cua hé théng
phan cimg lién quan dén timg mo-dun; phan
tach thanh cadc mo-dun phian mém doc lap
theo cac chuc nang da thuc hién; v€ so dd
chuong trinh cta timg mé-dun va viét chuong
trinh con theo so d6; g& 186i md phong cua
timg mo-dun. Luu d6 phan mém diéu khién
bé quay trén bo diéu khién trung tdm nhu

trong hinh 3.

KHOI TAO
HE THONG

D

‘ KIEM TRA KET NOI ‘

XU LY TIN
HIEU TU PC

PQC DU LIEU
CON QUAY
_ v
DIEU KHIEN ON DINH
GOC TAM, HUGNG
|

Hinh 3. Luu do thudt todn diéu khién bé quay trén
bo diéu khién trung tam
2.3. Thiét ké phan mém giao dién diéu khién
Phan mém may tinh chii 14 mot cira sd dé
nhén ra su tuong tac gitta ngudi voi may tinh,
thuan tién cho viéc kiém soat va thir nghiém
hé théng camera tu On dinh, dua ra tin hiéu
dau vao hé théng va hién thi trang thai cia hé¢
thdng camera ty 6n dinh trong thoi gian thuec.
Phan mém may tinh chii dya trén nén tang hé
diéu hanh Windows, 1ap trinh méi truong
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Visual C++, sit dung cong nghé 1ap trinh da
tac vu da ludng, lvu do phan mém dugc thé

hién trong hinh 4.

KICH HOAT GIAO
DIEN PO HQA

»le
Ll

KHONG

TUDONG
BAM MUC TIEU?
KHONG

A
GUI TIN HIEU
PIEU KHIEN

HIEN THI THONG
TIN HE THONG
|
Hinh 4. Lieu do thudt todn hé thong diéu khién bé
quay trén PC
Chirc ning chinh cua phin mém trén PC la
quan 1y va diéu khién bé quay Camera va
nhan tin hi€u hinh anh tr Camera, st dung
cong nghé 1ap trinh da tac vu da ludng, giao
dién hé théng don gian va dep mét, thao tac
don gian trong chuong trinh dugc thé hién
nhu hinh 5.

Hinh 5. Giao dién phan mém quan Iy nguoi ding
trén PC

3. M hinh héa va thiét ké diéu khién truwet

dua trén bu ma sat

Ma sat ton tai trong tat ca cac chuyén dong va

la mdt yeéu t0 quan trong anh hudong dén bé

quay khi hoat dong & toc do thap. N6 khong

chi gay ra 13i trang thai 6n dinh ciia hé thong,
ma con gy ra hién twong mét 6n dinh trong
chuyén dong cia hé thong [4]. Dé giam cac
tac dong bat loi gay ra bai cac lién két ma sat
trong hé théng Servo co hoc, hé théng on
dinh Camera c6 thé ap dung phuorng phap
diéu khién truot. Diéu khién trugt c6 cau triic
don gian, hiéu qua, vi viy no thuong duoc su
dung nhu mot phuong phép tot véi diéu kién
mat 6n dinh va nhiéu cia cac hé phi tuyén.
Nghién ciru xem xét cac dic diém ma sat cua
hé théng dé né co thé phan anh chan thyc vai
trd clia bo diéu khién duoc thiét ké.

3.1. Gidi thiéu mo hinh ma sdt

Co6 mot Vl‘lng chét ma sat 16n gitta cic mit
tiép xtic ciia cu triic co khi trong bé quay, do
la glao thoa ph1 tuyén chinh trong dai tan s
thip cua hé théng. Tinh phi tuyén cia ddi
tugng dugc diéu khién 1am cho hé thong bi
léch va rung. Rét kho cho cac phuong phap
didu khién truyén thong dé dat dugc didu
khién c6 d6 chinh xac cao. C6 nhiéu mé hinh
ma sat, md hinh ma sat Stribeck pho bién hon
duogc st dung ¢ day.

Khi |6(t)] < & , ma sét tinh duge biéu dién boi:

“F, F@M)>F,

-F@{t) -F,<F({)<F, Q)
F F(t)<-F,

m

Ff (t) =

Khi |0(t)] > o , ma st dong duge biéu dién boi:
Fe (©) =[F, +(F, —F.)e “"“Isgn(6(t))
F(t)=Ja(t) 3)

Trong s6 do6, F(t) 1a mb-men xoan dan dong,
Fm 12 m&-men ma sat tinh cuc dai, F¢ 1a mo-
men ma sat Coulomb, O(t)la téc do goc
quay;
sgn(O(t)) 1a mot ham tuong trung.

ava a;lda mot sd thyc rat nho,

3.2. M6 hinh héa phuong phdp diéu khién truot
Diéu khién theo nguyén 1y truot, hay con goi
1a diéu khién truot 1a mot phuong phap didu
khién bén viing cho hé phi tuyén. Bo diéu
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khicn truot kinh dién duoc biét dén v6i nhicu
nhiing mg dung trong diéu khién tic dong
nhanh [5].

Dit r 1a tin hiéu vi tri mong mudn, (90 la tin

hiéu tdc d6 goc dau ra thuc t&, @, 1a tin hiéu
tde do goc déau ra thuc té. Dé lam cho van dé
don gian, d0 tu cam phan tng cua dong co
duoc bd qua. Cau triic hé thong dua trén diéu
khién cau truc bién nhu trong hinh 6.

L

BO
DIEU KHIEN

A A

[ ]
=
)

Hinh 6. So do khéi ciia hé thong diéu khién truot
Hinh 6 c¢6 thé duoc mo ta bang phuong trinh
sai khac nhu sau:

0, =w, (4)
F

a.)o _ _CmCe w, + KPWM Cm u __t (5)
IR, IR, J

Trong cong thire, u 1a dbi twong diéu khién,
C,, la hé¢ s6 mé-men xoan ctia dong co, Ce la
hé sb luc dién dong nguoc cia dong co,
Kown 14 cac hé s ciia mach diéu ché do rong
xung (Pulse Width Modglation, PWM). Ra la
dién tré cia cudn day phan ung, J la tong cia
mo6-men quan tinh.

batx, =6,, X,
cong thuc (5) duoc viét dudi dang phuong
trinh trang thai:

= @, , khi d6 cong thic (4) va

i 0 1 " 0 0
[ij 0 _CGC, -L]+ KounaCp U+ 1 F,
JR, JR, J

(6)
X, va X, tuong ung la tin hiéu vi tri gbc va
tin hiéu toc do goc.
Kewn Cn F

c.C
——X, + Uu—— 7
> IR, ? IR J 0

a

Pat tin hi€u 1énh thanh r, o sai 1éch vi tri:
e=r-x (8)
Do sai léch van tbe goc:
e=r-x, 9)
pat C=[c 1] va E=[e €]
Thuc hién viéc chuyén mach:
s=CE=ce+é=c(r—-x)+r—-x, (10
Str dung luat tiép can theo cép s6 nhan sau:
§=—-&sgn(s) —ks (11)
Trong sb6 do, £> 0, k> 0, sgn(s) 1a mot ham
tugng trung.
Xem xét tac dong cta cac yéu to ma sat hé théng:

§=CE+E=CE+F—X,

CoCe ., KomsC

R JR,

a

=Cé+i—(—

Ff
u— T)
(12)

Khi hé thong & trén bé mit ché do truot, néu
$§=0, thi:

IR,
u=
K

e

(cé+'r'+,9sgn(s)+ks+—CmCe X, +—)

PWM ~m ‘]Ra ‘]
(13)

Mo phong hé thdng diéu khién truot

Céc tham s6 cia mo hinh hé thong va mo

hinh ma sat nhu sau: R, =7.77Q | C, =6

Nm/A, J = 0,6 kgm2, Kewm = 11, o = 0,01,
Ce=1,2V/ (radgs?), Fm = 20 Nm, Fc = 15
Nm, ¢ = 30, k = 5, £=10. Lénh duoc dat
thanh tin hiéu hinh sin r=0.2sin 27zt +1.

Pau tién, diéu khién PID dugc st dung. Két
qua md phong cho thay do ma sat, qua trinh
diéu khién bam co "dinh phing" va hién
turong "ving chét", qué trinh 6n dinh mét t&i
0.2s dé dat t6i muc tiéu. Hé thong diéu khién
PID khong thé dat dugc do chinh xac cao va
d6 on dinh cao, két qua nhu trong hinh 7 va
hinh 8.
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Hinh 7. Diéu khién vi tri khi ding PID

A\IVAN /

rad

0.4

i
Us

Hinh 8. Diéu khién bam vi tri khi ding PID

1.2

o rad o

o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
s

Hinh 9. Két qua khi ding diéu khién trieot

INNAYA /

o 1 2 3 4 5 ys 6 7 8 9 10

Hinh 10. Két qua mé phong diéu khién bam vi tri

khi diing phwong phdp diéu khién trieot
St dung lai b didu khlen trugt co duge ¢
trén, su dung Simulink dé thiét ké chuong
trlnh chinh va str dung S-Function de mo ta
dbi tugng duoc didu khién va bo didu khién.
Céac két qua mo phong dugc hién thi trong
hinh 9 va hinh 10.

Nhu ¢6 thé thay, tir két qua mo phong, didu
khién nay c6 thé han ché rat tot hién tuong

"dinh phang va "ving chét" do ma sat. H¢
diéu khién nhanh chéng bam theo tin hiéu mong
doi va diéu khlen truot bang cach sir dung luat
tlep can theo cap sd nhén c6 thé 1am cho hé
thong dan 6n dinh va tiép tuc di chuyen o trang
thai truot, voi hiu Gmg dong t6t, qua trinh 6n
dinh chi mat 0.1s dat t6i muc tiéu.

4, Két luin

Trong hé thong bé Camera 6n dinh trén tau,
dleu khlen truot dua trén ludt tiép can theo
cap s6 nhan dugc thiét ké dua trén thyc té 1a
mo hinh hé thong va cac tham s6 khong chinh
x4c voi chuyén dong cua bé quay chiu tac
dong cua ma sat va nhiéu bén ngoai. Bdi vi
diéu khién truot duge dua trén trang thai hién
tai ciia hé théng (nhur d6 1éch va cac dan xuat
khac nhau) trong quy trinh dong dé thuc hién
thay d6i tham s diéu khién, budc hé thong
phai di chuyen theo quy dao ciia ché do truot
dugc xac dinh trude. HE thong khong nhay
cam véi cac tham sé va nhidu, khong yéu cau
mot mo hinh dong chinh xac. Giai phap dugc
dé xuat c6 thé khac phuc anh huong ciia ma
sat va cai thién do chinh xac khi bam theo
muyc ti€u ctua hé thong Servo. Cac thi nghiém
va mo phong cho thay rang phuong phap diéu
khlen trugt tot hon so véi didu khién PID
truyen thong va hiu ung dong cua bo didu
khién c6 thé duge danh gia dya trén mo hinh
ma sat. Piéu nay co y nghia nhat dinh cho
viéc thiét ké va lya chon bo diéu khién.
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