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ABSTRACT

Since its inception until now, TV communication has been an indispensable
part of life. The quality of life is increasingly improved, the entertainments for
life also comes along. In addition to increasing image quality, the image
reflected on the conveyed content is also an important part. That is the device
that supports the camera to help create flexible, sweeping image angles,
without real shaking the content passed to the viewer. That supporting device
mentioned in this paper is the camera control system for moving on ray. This
system was previously adopted as a rudimentary system with two manual
operators and took up a lot of space within the studio and was very passive.
It is improved with intelligent control system to help the camera move as
desired and especially stable, the image does not shake when the camera is
pan, tilt and move. The automatic control function for stable system operation
is applied by a proportional integral derivative (PID) controller. The
simulation results on MATLAB® are presented and the test results on the
actual model for this system meet the set goals.

TOM TAT

Tur khi moi hinh thanh cho den nay, truyén thong truyen hinh, la mét phan
khéng thé thiéu trong cudc song Chat lwong cudc song ngay cang dwoe nang
cao thi gidi tri phuc vu cugc song ciing song song di kém. Ngodi chdt heong
hinh dnh c6 ¢ nét ngdy cdng cao, hinh dnh phan anh lén néi dung chuyén tdi
ciing la mét phan quan trong. Do la cdc thiét bi hé tro mdy quay giiip tao nén
cde goc hinh anh phan dnh linh déng, bao qudt, khéng bi rung ldc sat thuc
néi dung mang dén nguoi xem. Thiét bi hé tro' d6 duge dé cap dén trong bai
bdo nay la hé théng diéu khién camera di chuyén trén dwong ray. Hé thong
nay trude ddy dwoc dp dung la mét hé thong thé so véi hai nguoi diéu khién
thii cong va chiém khéng gian 1o trong pham vi tmong quay va hoat dong
rdt bi déng. Nghién ciru ndy nham muc tiéu cai tién voi hé thong diéu khlen
gillp camera chuyén dong diing y mong muén va ddc biét la hoat déng on
dinh, hinh anh khong bi rung lac khi cac dong tac pan, tilt camera. Chirc nang
diéu khién t déng hoat dong on dinh ciia hé thong dwoc vmg dung bang bo
diéu khién PID (proportional integral derivative). Cdc két qua mé phong trén
MATLAB® dugc trinh bay va két qua thik nghiém trén mé hinh thyc té cho hé
théng nay ddp irmg dwoc muc tiéu dit ra.
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1. GIOI THIEU

Hau hét cac phim truong dai truyén hinh dia
phuong hién nay ap dung hé thong diéu khién
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camera tho so, v6i hai nguoi kiém soét thu cong kha
ning di chuyén va diéu chinh gbc quay camera
(Hinh 1). Hé théng nay chiém khéng gian 16n trong
pham vi truong quay va hoat dong kém hiéu qua.

Hinh 1. () Hé théng diéu khién camera trén ray thé so (b) Trudng quay c6 khan gia

Gia thanh nhap khau mot hé robot diéu khién
camera hién nay 1a rat cao. Dé c6 thé ty chi ché tao
robot diéu khién camera di chuyén trén ray, doi hoi
cac tiéu chi k¥ thuat sau: kich thudc nho gon; chiéu
cao camera can dat khoang 1,8m; hé thong c6 bdn
banh xe gitip robot di chuyén qua lai trong pham vi
d6 dai dudng ray ngoai san khau; cac banh xe can
¢6 ranh dé khong bj roi khoi ray va c6 bo cam bién
s6 vong quay (encoder) dé xac dinh vi tri; bo phan
Iip camera véi hai khop quay: quay ngang (pan) va
quay thang dumg (tilt) (Lé Van Chung, 2014;
Hiroyuki et al., 2012) véi goc pan cé thé quay O-
360° va goc tilt co thé quay 0-100° twong tu nhu
Hinh 2. Ngoai ra robot ciing cin c6 cic chirc ning
didu khién khac nhu: didu khién phong to, thu nho
khung hinh (zoom), diéu khién d6 nét cua anh
(focus), va diéu khién khau d6 khong phu thude vao
qué trinh diéu khién chuyén dong cua hé thong.

So vai hé thong diéu khién thi cong thé so Hinh
1(a), robot diéu khién camera s& gitip cai thién diéu
kién khong gian truong quay, dé dang lap dat, co
dong va khong anh huéng nhiéu dén goc quan sat
clia khan gia khi truong quay c6 khan gia ngdi bén
duéi Hinh 1(b).

Phuong phap diéu khién PID (proportional
integral derivative) s& dugc ap dung cho hé théng
nay dé khéc phuc dugc cac truong hop rung lic, dao
dong va két qua mo phong va thyc nghiém sé& dugc
trinh bay dé kiém ching két qua. Bo diéu khién PID
cho hé théng kiém soat camera di chuyén trén ray
dugc mo phong trude trén mot md hinh phi tuyén,
nham chon lya ac thong s Ky, Ki, Ky trude khi dua

vao thuc nghiém. Tinh 6n dinh cua hé théng s& dugc
khao sat thong qua thuc nghiém.

Hinh 2. H¢ thong diéu khién camera di chuyén
trén dwong Ray

Bai bao duoc két cau thanh 5 phan. Dong luc hoc
hé théng duoc mo ta trong Phan 2; Trong Phan 3, bo
diéu khién PID duoc thiét lap dé diéu khién ddi
tuong 6n dinh; Phan 4 thao luan két qua mé phong
va két qua so sanh ctia hé thong véi tin hiéu thyc té;
Cubi cung, két luan duoc thao luan trong Phan 5 va
mot s6 hinh anh minh hoa cho mé hinh duoc thiét
ké ap dung trong thuc té trudng quay Trung tam
truyén hinh Viét Nam Khu vec Nam Bo — Dai
Truyén hinh Viét Nam
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2. MO HiINH TOAN HQC CUA HE THONG

Trong phan nay, robot diéu khién camera dugc
mo hinh hoa tap trung vao dong luc hoc giy ra dao
dong theo chiéu doc duong ray, va bo qua anh
huéng ciia thanh phan lic ngang, do ray dugc thiét
ké dang d6i. Qua trinh nang cao ha thap véi bién do
va thoi gian nho nén xem nhu khong thay doi lon va
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khong anh huéng nhiéu dén qué trinh di chuyén hé
thong (Romano et al., 2003, 2005).

Mo hinh dong luc hoc (Nguyén Ngb Phong &
Ng6 Quang Hiéu, 2014; Nidhil Wilfred et al., 2014)
cta hé théng diéu khién camera di chuyén trén ray
dugc mo hinh héa vat Iy nhu Hinh 3.

Hinh 3. M hinh hé théng trén hé truc toa dp OXY

Trong do:

— x la vj tri doc theo truc X so voi diém khoi
dong. vi tri cua camera va vi tri ciia banh xe dugc
xac dinh x = x; = x, + Isinf = x. + (1 — cosH)
Do d6 van téc camera x = %, + 16 cos 6 # X,

— @1a goc dao dong do ltc quan tinh cta qua
trinh khoi déng, tang toc, giam toc cling nhu khi
dung lai caa hé thong so vai truc thang dang

— m va me khéi luong cua bo phan di chuyén
va khoi lugng camera

— 114 d6 cao ciia camera tinh tir tim camera dén
truc banh xe

— f1a luc diéu khién tac dong dén hé théng di
chuyén,

— g la gia toc trong trudng.

Trong qué trinh v4n hanh chiéu dai | khong ddi.
Céc khau ma sat trong chuyen dong banh xe khong
anh huong I6n dén d6 dao dong, nén dugc don gian
hoa.

Dua vao chuyén dong cua xe va tai trong, dong
nang K cua hé thong dugc tinh nhu sau:

K= %mtfcz + %mcfcz = %(mt +my)(x)2(1)

Thuc,té goc dao dong doc 0 co ton tai va lam anh
huong dén rung lac ctia camera nén thé nang P dugc
tinh: P = m.glsind = m_gl(1 — cos 9) 2

Trong d6, x 1a véc-to dai dién cho van téc cua
toan hé thong, duoc thé hién nhu:

x2=x2+ x§ 3)

Do dao dong ngang Xap xi bang khong nén x? =
X2 <=> X =%,

Tong hop tir (1) va (2)

L=K-P= %(mt +my)(x)? —m.gl(1 —
cos9) = %mt(fc)z + %mc(a‘c)z —m.gl(1 — cos )
4)

L4y dao ham L theo bién x ta co:

oL
=0 )

Tiép theo lay dao ham L theo x, ta dugc:

% = mux + mex —m.glé sin @ (6)

L4y dao ham cua (6) theo thoi gian t ta duoc

4 (aL) = my& + m.% —m,gl(6sinf +

at\ax
6% cos 6) )

Phuong trinh Lagrange cho X nhu sau:

d (9L\ dL . 5o

- (5) = (me; + myix — mcgl(e sin6 +
6%cos ) = f 8)

Phuong trinh (4) dugc viét lai:

L= %mtfctz + %mc(x + lécose)z -megl+
m.glcos 6 (©)]
L4y dao ham (9) theo 6 nhu sau:
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oL _
a9 )
[(x + 16cos0)(—16 sin ) ]_
¢ +(l9 sin 9)(19 cos 6) —m.glsinf B
—m %0 sin@ —m gl sin 6 (10)

L4y dao ham (9) theo 6 ta dugc nhu sau:
a [(x + 16 cos 8)(lcos 6) ] B
06 ¢ |+(~16sin6)(~10sin0)|
melx cos 0 + m 1?6 (11)
Sau do, ta lay dao ham cua (11) theo t ta duoc
i a_L _ . _ <A . 2N
o (aé) =m.l¥ cos 0 —m.lx0 sinO + ml-0
(12)
Phuong trinh Lagrange ddi voi 6 nhu sau:
d (LY oL
o (aé) o5 = Mcl¥cos 0 + m.%0 +
m.glsinf =0 (13)

Tong hop tir (8) va (13) phuong trinh dong luc
hoc cho hé thong camera di chuyén trén ray dugc
thé hién bai (14):

(m, + m)x —m.gl(6sin6 + 6% cos9) =
c t cd

¥cosO +10 + gsing =0
(14

Phuong trinh (14) duoc trinh bay lai theo hé
phuong trinh trang thai nhu sau:

X, = Xy
X = f1(x) + g1 ()u (15)
X3 = X4

Xy = f,(x) + g,(X)u

Trong d6, x =[X1 X2 X3 X4]7, x; =x,
x5 = 0, x, 1a van tdc dai, x, 1a van téc goc hé thong,
u 1a tin hiéu diéu khién, va f; , gi(i = 1,2) dwoc biéu
dién nhu sau:

_ mtle sinxz+meg sinx3 cos x3
fl (x) - me+mesin? x3 (16)

g1(x) = (17)

me+me sm2 X3

Tdp 57, S6 2A (2021): 1-9

(me+me)g sinxz+melx? sin xz cos x4
f2(0) = - (18)
(me+me sin? x3)1

go(x) = —=2— (19)

(me+me sin? x3)1
3. THIET KE BO DIEU KHIEN PID

Bo diéu khién PID 1a mét co ché hoi tiép vong
kin kinh dién, ‘duoc str dung rong rai trong cic hé
thong diéu khién cong nghiép. Bo diéu khién PID s&
tinh toan tin hiéu diéu khién, dua theo gi4 tri sai biét
giita dap Ung ngd ra va gia tri dat mong mudn. Bo
diéu khién s& thuc hién giam tdi da sai s6 bang cach
diéu chinh gia tri diéu khién dau vao (Nguyén, 2015;
Nguyén, 2017).

Giai thuat tinh toan bo diéu khién PID bao gom
3 thong s riéng biét, do d6 doi khi né con dwoc goi
1a diéu khién ba khau: cac gi tri ti ¢, tich phan va
dao ham, viét tat 1a P, I, vaD. Gia tri ti ¢ xac dinh
tac dong cua sai s6 hién tai, gia tri tich phan xdc dinh
tac dong cua téng cac sai s6 qua khur va gia tri V|
phan x4c dinh tac dong cua toc do blen ddi sai s6.
Téng chap cua ba tac dong nay dung dé diéu chinh
qua trinh théng qua mot phan tir diéu khién. Nho
vay, nhig gié tri nay c6 thé lam sang to vé quan hé
thoi gian: P phu thudc vao sai sb hién tai, | phu thuoc
vao tich ity céc sai s6 qua khtr va D du doén céc sai
s6 tuong lai, dwa vao toc do thay doi hién tai. Pay 1a
mot bo diéu khién phd dung, nén phan nay khong
trinh bay sau vé bo diéu khién PID.

Dbi voi hé thdng nay nay, bo diéu khién PID
duogc didu chinh theo phwong phap thir-sai cho dén
khi hé théng dat 6n dinh, sau d6 tién hanh thyc
nghiém.

4. KET QUA MO PHONG VA THUTC
NGHIEM

So d6 mé phong robot dugc xdy dung trén
MATLAB bang khdi S-Function nhu Hinh 4. Cac
thong s6 ciia md hinh robot 14 cac théng sb thyc té
do dac, duoc trinh bay trén Bang 1. Sau qua trinh
mo phong, thong sé cua b didu khién PID dugc xac
lap va cai dat trén board mach thyc té Hinh 5. Thyc
nghiém trén robot that s& thu thap két qua va so sanh
v6i md phong, giup viéc chon lya théng sb bo PID
hiéu qua nhét.
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a)- Bén trong bd phan di chuyén  b)- Bén trong ban diéu khién

Hinh 5. Board mach diéu khién trén hé théng thyc té

Bing 1. Thong s cia hé thong

STT _Gié trj Théng sb
1 mc— khoi luong camera (kg) 3,5
2 m¢— khoi luong dolly (kg) 20
3 |- chieu cao camera (méz) 1,7

Bing 2. Thong sé Ky Ki Kqg sau khi thir lwa chen
tot nhat

STT __ Gidtri Théng sb
1 Ko 13,8
2 Ki 0.5
3 Ka 8.8

Khi hé théng diéu khién camera nhan dugc tin
hiéu tac dong n6 sé di chuyén, tuy nhién dé vira di
chuyén vira gitr 6n dinh camera thi can c6 tin hiéu
diéu khién tir bo diéu khién giit camera di chuyén 6n
dinh. Pap tng van téc robot that va két qua mo
phong, twong &ng véi tin hiéu diéu khién do bo PID
cung cap (Bang 2) dugc trinh bay trén Hinh 6. Dap
{rng van téc thuc té trén Hinh 6 ton tai sai s6 xac 1ap,
do khau K, chua dugc chon lya tét. Tuy nhién, sai sd
nay rat nho va két qua thuc té cho thay robot di
chuyén dat yéu cau tac nghiép, nén két qua co thé
chap nhan duoc.
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Hinh 7. P4p tng gia téc cia hé théng Robot khi di chuyén
(Hinh b 1 phéng to cia Hinh a tai cac khoin thoi gian thay déi)
Pap ung gia téc cua robot duoc trinh bay trén cling c6 thay doi, nhung chi hon 01 gidy l1a tién vé
Hinh 7. Theo két qua nay, & mdi thoi diém Chuyen khong (0) do b diéu khién da kiém soat robot voi

trang thai thi van tdc robot thay doi do d6 gia tdc van toc méi da xac 1ap 6n dinh.
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Hinh 9. P4p g ngd ra van toc géc ciia Robot khi di chuyén

Pé kiém chimg tinh 6n dinh, nghién ciru tién
hanh khao sat dap Gmg goc dao dong va van toc goc
trén Hinh 8 va Hinh 9. Quan sat Hinh 8, twong ung
tai cac thoi diém chuyén trang thai s& xuét hién tin
hiéu diéu khién cho thy lyc tac dong ting 1én nén
h¢ théng di chuyén nhanh 1én. Géc dao dong 6 &
Hinh 9 c6 bién d6i mdi khi ting hoic giam toc do
hé thong.

5. THAO LUAN VA PANH GIA KET QUA
DPAT bUQC

Dé thiy dwoc tinh hiéu qua va sy hoat dong on
dinh cua hé thdng, ta cho hé théng hoat dong trong
thoi gian 50s, thoi gian du dé danh gia dugc tinh 6n
dinh 1au dai cua hé théng.

Dua vio cde két qua mé phong ta thdy duwoc:

Khi tac dong vao hé théng mot luc f thi hé théng
s& chuyén dong vai van téc v trung binh tir 0.6m/s
dén 1m/s (Hinh 6) (van toc phi hop vai yéu cau thuc
té), luc nay bo diéu khién PID diéu khién hé thong
di chuyén dén téc d6 xac dinh ddng thoi tai cac thoi

diém thay ddi s& xuét tin hiéu diéu khién dé giir hé
thdng 6n dinh véi goc dao dong 0 (Hinh 8) ¢ bién
d6 dao dong nho (khong dang ké), va nhanh tién vé
khong trong hon 01 gidy. Sy thay doi va bién mat
nhanh cua gia téc (Hinh 7) va gbc dao dong 0 cho
thiy hé théng hoat dong 6n dinh.

Dap tng cua bo diéu khién PID (dap ing duong
mau do) voi hé thong diéu khién Camera di chuyén
trén duong Ray duoc thiét lap trén Matlab da cho
thdy tac dung wu viéc cia no trong viéc giit on
camera khi di chuyén.

Déi véi dap tng bo diéu khién PID cho thyc té
hé thong (ddp ung duong mau xanh) thi cling cho
két qua rat tét, tai cdc diém chuyén trang thdi c6 xudt
hién thay déi v& van toc (d6 vot 16 cao nhat 1a 8%)
gia toc va goc dao dong nhanh tién vé khong (chi
hon 01 gidy). Qua quan sat hinh anh ghi hinh thi s
dung dugc cac thoi diém 6. Trong thuc té vé
nguyén tac s dung hinh anh cia robot di chuyén
trén Ray nay 1a khong can phai tac dong thay doi toc
d6 qua nhanh, nd con lién quan dén cac thao tac
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zoom hinh anh nén d6 rung lic s& khong bi anh
huong khi hoat dong

Nghién ctu tiép theo s& dwoc d& xuat 1a phuong
phap két hop Fuzzy-PID (Umesh and Rakesh, 2013)

hodc diéu khién truot (SMC) s& duoc thuc hién dé
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khéc phuc t6t hon cac thanh phan phi tuyén khac va
triét ti€u toan bo goc dao dong 6 (dao dong doc)

M6 hinh hé théng diéu khién Camera di chuyén
trén duong Ray dang st dung b dieu khién PID
dugc ap dung cho thiét ké robot thuc té

Hinh 10. H¢ théng Robot dwoc van hanh thir nghiém tai truwomg quay Trung tim THVN Khu vuc
Nam B9

Hinh 11. Ban diéu khién hé théng

6. KET LUAN

Bai béo di trinh bay day du vé phuong phap dé
xuét diéu khién hé théng va trinh bay cac két qua mé
phong da dat dugc muc tiéu dit ra. Hé théng da dugc
thiét ké va chay thuc té tai truong quay (Nguyén,
2020), cac két qua md phong cho thdy hé thong hoat
dong dam bao tinh 6 6n dinh theo mong mudn. Muc
tiéu phat trién tiép theo cua hé thong 1a sir dung cac
phuong phéap diéu khién khac dé c6 bo diéu khién
hé thong déap tng tét hon.

Bén canh nhing thanh cong da dat duoc thi

nghién ctru nay van con ton : chua khao sat do thay
d6i nhanh chiéu cao cua hé thong, khao sat mét mé

hinh ¢6 tai trong nhe hon nhiéu lan so véi hé thong
nay,...

Trong cac nghién ctru tuong lai s€ ang dung
phuong phap diéu khién truot (Bartolini etal., 2000)
dé xur Iy cac thanh phan phi tuyen bac dinh, phuorng
phap xir Iy anh ciing s& dugc dé xuat vao viéc phat
hién dbi tuong va di chuyen bam theo d6i tuong,
(g dung trong cac chwong trinh truyén hinh vé thé
thao s& dwoc nghién ciru va phat trién ¢ cac bai sau.
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