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Tém tit: Bai bdo nay gidi thi¢u phuong phip biéu dién
va tinh van téc gan dung cua duong bay trong tng dung
hd trg huan luyén tiéu do tong hop sir dung dudng cong
Catmull-Rom huéng tam.
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. MOPAU

Khi quan ly khong phan cac trung tam giam sat bay
fubn c6 nhu cau biéu dién quy dao di chuyén cua doi
tuong tur tham s6 phuong vi- cu ly-do cao do radar cung
cap. O bai toan nguoc lai, khi can dao tao cac hoc vién lién
quan dén gidm séat khong phan cung can phai tao ra cac
duong bay gia dinh tir d6 sinh ra cac dlern thong tin gia
phong dir li¢u phuong vi cu ly cua radar dé hoc vién thuc
hanh. Trudc day viéc tao chudi thong tin vé duong bay
thuong dugc thuc hién trén cac ban do6 2 chiéu trén c6 vé
ludgi 6 vuong nén goi la ban dd 6 vudng. Trén ban go nay
giao vién vé duong bay bang tay sau do danh dau trén
dudng bay cac diém nut cach déu nhau. Cac diém nut nay
s& 1a diém tao thong bao vé duong bay. Khoang cach gitra
cac diém nat phu thudc vao 'goc do gia dinh cua ddi tuong
va thoi gian nghi gifra cac lan thong bao. Cong vi¢c trén
duoc thuc hién thu cong nén thuong mat nhiéu thoi glan
cong suc va rat kho sira doi, can chinh. Hién _nay nho cac
rng dung cong nghe thong tin, trong d6 c6 phan mém Tiéu
dd Tong hop, nén cong vig¢c nay da dugc don gian rat
nhiéu. Khi su dung phan mém tiéu dd tong hop dé soan
thao duong bay, giao vién chi can danh dau toa do va cac
diém kiém soat cua duong bay trén ban do 0 vuong, ang
dung s& thyc hi¢n cac cong viéc tu két ndi gitra cac diém
kiém soat dé vé thanh duong bay hoan chinh. Be sinh ra
cac chudi théng bao vé duong bay, gi4o vién can cai dat
téc do trung binh va thoi gian dn cach (gitra cac lan théng
bdo, chuong trinh s€ ndi suy ra cac diém thong béo cach
déu trén quy dao bay da dwoc tao ra.

Bai bao nay trinh bay giai phap ung dung duong cong
Catmull-Rom huéng tdm dé noi suy ra quy dao bay tur
chudi cac diém kiém soat da biét, sau do tinh twong doi do
dai cua quy dao theo vi tri trén Trai dat dugc sir dung trong
(g dung tiéu d6 tong hop.
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1. PUONG CONG CATMULL-ROM HUONG TAM

Dé néi giira hai diém cho trudc khong triing nhau la p0
- diém khoi dau va pl - diém két thic, ngudi ta thuong sir
dung da thiac Hermite bac ba [1]:

p(t) = (2° —3t* + U)py + (t* - 26 +t)mg + (—26 +3)p, +

(- tmy (1)

Trong do te[0,1], t=0 tuong ung Voi p0, t=1 tuong ung
pl; m0, ml la tiép tuyen tai t=0 va t=1. V&i p0 va pl da
biét, viéc lua chon tiép tuyén m0, m1 khéac nhau sé& cho cac
duong cong khac nhau. Trong trudng hop c6 mot tap hop
dir lieu dau vao (x, pK), Véi k=1,...,n, cac tiép tuyén tai
diém k c6 thé tinh bang nhiéu cong thac noi suy khac
nhau, trong d6 c6 cong thic ndi suy kinh dién:

my = (1 7(’)Pk+1 — P

T Ep1 — @ (2)

V6i ¢ 1a tham sb cang c6 gia tri tir 0 dén 1.
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Hinh 1. Mgt s6 duong néi suy Hermite

Khi ¢=0.5, ta ¢c6 duong cong Catmull-Rom (dat theo
tén cta Edwin Catmull va Raphael Rom [3]). Theo
Catmull-Rom, véi 4 diém cho truéc la PO, P1, P2, P3, ta
c6 thé vé duong cong ndi gitra hai diém P1, P2 theo cac
budc:
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véi aef0,1], i=0,1,2,3,... va t=0. Vi gia tri tham s6
0=0 ta c6 dudng cong dong dang (uniform); véi a=1 ta c6
duong day cung (chordal), con véi a=0.5 ta ¢6 dudng
hudng tam (centripetal):

(a) . (b)
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Hinh 2. a) Cdc diém can néi dirong cong; b) Tham sé dong dang
(0=0); ¢) day cung (a=1); d). Huong tam (a=0.5)

Céc dinh nhon va diém ty giao cat rat pho bién véi cac
duong cong Catmull-Rom ddi Vi hau hét cac lya chon
tham s6 dong dang. Trén thuc té Yuksel [4] da chung
minh bang ly thuyét va thuc nghiém, rang chi cd tham so6
ddng dang huéng tam (e=0.5) la tham so6 duy nhat dam bao
khéng c6 dinh nhon va diém ty giao cit:

\GZ 7

(a) Uniform

A

(b) Chordal

,,v 3

7 (c) Centripetal

Hinh 3. Tham s6 ¢ dnh hugng d@én dinh nhon va tu giao cat: a)
dong dang (a=0); b) ddy cung (a=1); ¢). Huéng tam (0=0.5)

Yuksel da dua ra két luan: “Chung t6i chtng minh vé
mit toan hoc rang tham 50 hoa hudng tdm cua duong cong
Catmull-Rom dam bao ring cac doan duong cong khdng
thé tao thanh cac dinh nhon hoic céc giao diém cuc b,
trong khi cac dac dlem khong mong muon nhu vay co thé
duoc tao thanh véi tat ca cac tham sb hoa‘kha thi khac
trong l6p nay.” (theo Yuksel et al. [4], Phan 1: “Gi6i
thiéu”).

Ill. NG DUNG CATMULL-ROM HUONG TAM
TRONG PHAN MEM TIEU PO TONG HQP

Phan mém Tiéu d6 Tong hop 1a mot san pham cong
nghé thong tin dung dé hd tro soan thao duong bay, kich
ban bay, va tong hop thanh cac ban tin phuc vu cong tac
huan Iuyen tiéu do. Cac tinh hudng c6 thé mo ta Vvéi do
chinh xac vira phai. Chinh vi vy chwong trinh tiéu d6 tong
hop lya chon duwong Catmull-Rom hudng tdm (a=0.5) dé
lam co s& ndi suy quy dao bay vi: 1) nd tao ra duong cong
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tron muot, khong cé cac dinh nhon; 2) BPuong hudéng thm
luén bao dam khong bi giao cit ndi tai; 3) no sir dung truc
tiép cac diém kiém soat dé noi suy ra quy dao. 4) duong
cong chi bi anh huong boi cac diém cuc bo 1an can; 5) Co
thé ting d6 chinh xac cua cac duong bay bang chch tang s6
diém trén quy dao bay. 6) Da duoc Barry va Goldman [5]
cung cap dudi dang da thic nén rat dé chuyén ddi va tinh
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Hinh 4. M6 hinh da thirc hinh kim ty thap cua Barry va
Goldman.

IV. BIEU DIEN QUY DAO BAY BANG CATMULL-
ROM HUONG TAM

Gia thiét trén ban do ta c6 tap hop cac dlem klem soat
dbi véi mot duong bay 1a Po, Py, P, .. Pé tinh
khoang cach theo duong cong Catmull- Rom huong tam tur
diém Py dén Pyta can:

1) B6 sung diém bt dau va két thiic duong cong. Theo
Catmull-Rom ta ludn tinh dugc cac diém trung gian nam
giita hai diém bat Ky Pk, P, tir 4 diém Py, Py, Pk, P
(v6i k=0-N). Dé ndi suy dudng cong gitta diém dau Po va
P, ta can b sung diém Ps trén duong kéo dai duong ndi Py
va Po. Tuong tu ta bd sung diém cudi Pe nim trén duong
kéo dai Py va P, (hinh V& sau, trong d6 duong cham biéu
dién duong cong ndi suy).

G

Ps

P1
Hinh 5. B sung diém bt dau va két thiic dwong cong

2) tinh céc hé s6 cua da thirc Hermite bac ba cua ting
doan Py.1, Pk theo Catmull-Rom hudng tam;

3) Chia duong cong ndi suy doan Pii, Pk thanh cac
phan nho bang tap hop cac diém trung gian;

Hinh 6. Chia doan Pk-1, Pk thanh céc phdan nhé

4) Str dung cac diém trung gian dé tinh khoang cach va
biéu didm duong cong trén man hinh.
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_Quy trinh noi suy ra céc diém trung gian nam giia hai
diém Py.q, Pk, to 4 diém Py, Px.1, Pk, Px+1 theo Catmull-
Rom hudng tdm nhu sau:

Budc 1: khai tao cac tham sb:

catmull_alpha=0.5;

catmull_tension=0;

Khodng cdch gitta hai diém trung gian 16i thiéu: deltaD=3;

Budc 2: Xac dinh cac diém méc QPointF pl, p2,p3,
p4; trong d6 pl, p4 la cac diém hd trg tinh h¢ s6 duong
cong; p2, p3 la cac diém ndi duong cong; Véi k=0: p1=Ps;
p2=P[0]; p3=P[1]; p4=P[2]; V&i k=N: pl=P[n-2];
p2=P[N-1]; p3=P[N]; p4=Pe; Con lai p1 = P[k-2]; p2 = P[k-
1]; p3 =P[K]; p4 = P[k+1];

Budc 3: tinh cac tham s6 A1,A2,A3, B1, B2,C cua
cong thitc Catmull-Rom huodng tam;

Bugc 4: tinh cac tham s6 m0, m1 cua da thirc Hermite
dya trén cac tham s6 Catmull-Rom [8, 9l

Budc 5: Tinh s lugng diém trung gian can tao
segmentCount;

Budc 6: Tinh toa do cac diém trung gian dwa theo cong
thirc Hermite.

Budc 7: Tra vé danh sach cac diém trung gian.

Két thic tinh toan ta cac tap hop cac dieém trung gian
trong midPoints. Nbi bang duong thang gitta diém dau,
cac diém trung gian, diém cudi ta co dugc quy dao va
khoang céch giita hai diém Py.1, Py

V. TINH KHOANG CACH VA VAN TOC TUONG
POI BANG CATMULL-ROM HUGNG TAM

Céc quy dao bay duoc biéu dién trén man hinh may
tinh. Don vi tinh toan toa do la pixels. Vi quy dao bay nam
trén di¢n tich lon nén dé chuyén pixels sang d¢ dai thyc
dia trén Trai D4t ta can thém hé sé khoang cach va cong
thirc bu theo vi do.

Do may bay c6 d6 cao khac nhau va bé mat Trai dét
cling khong thuc su bang phing nén ty I¢ do dai duong
bay so véi thuc dia (be mat Trai dat) 1a khong dong nhat.
Doi v6i do dai vi tuyén (chiéu Bac-Nam), su thay doi la
khong déng ké (~0.3%) nhung aéi vé6i do dai kinh tuyen
(chiéu DongTay), ty 1é sai léch la rat I6n va khong tuyen
tinh (xem bang sau véi gia thiét duong kinh xich dao bang
40.000km [6]):

BANG 1. THAY BOI CHIEU DAI KINH TUYEN THEO Vi BO

VIO | Chuvimdt | oy gai | S3LI6Ch | Ghicng
do cat so0°
do Km km/k;nh % Tuong

- tuyéen duong
0° | 40000000 | 111111 | 0.00% | Xich dao
10° | 39392310 | 109.423 | 152% | TP HCM
15° | 38,637.033 | 107.325 | 3.41% | Quang Nam
219 | 37,343217 | 103.731 | 6.64% Ha Noi
250 | 36252311 | 100700 | 9.37% CO”T“g”h -

Vi ¢6 do sai léch 16n vé do dai kinh tuyén theo vi d,
trong tinh toan khoang cach giira hai d1em toa d6 gan nhau
trén thyc dia ta cin bd sung hé sé diéu chinh trong viéc
tinh d¢ rong cia maot kinh d6 tai vi do o:

T
——cos(@)Mr

Lo =
¢ 180

(4)
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trong d6 Mr la ban kinh trung binh ciia Trai Dat xap xi
bing 6.367.449 m

Do rong ctia mot kinh do tai vi do ¢ véi higu Gmg det
ctia Tréi dt, ta c6 cong thic:

Jatcos(@)? + b*sin(¢p)?

Lo = ictJS ;
180 Y (acos(9))? + (bsin(¢))> (5)

_trong d¢6 céc ban kinh xich dao va cuc cua Trai Pit, a,
b lan lugt bang 6.378.137 m, 6.356.752,3 m.

Déi véi nhung phan mém khong doi hoi do chinh xéac
cao ta s€ dung cong thuc (4); khi d6 tai vi do ¢, kinh d6 A
d6i véi vector khoang cach Dx (chiéu Pong-Tay), Dy
(chiéu Nam-Bic),

D = /(K¢ +Dx)* + (KA+Dy)* (g)
Trong d6 KA ~= 1.0 va K¢ ~= cos(9).

Toan bo quy trinh tur ldc noi suy cac duong cong
catmull-rom dén Itc biéu dién trén man hinh dugc thé hién
& hinh vé sau:

e N

( 83t dau )
\_T
Khai tao tham s
double alpha=0.5:
double tension=0:

double straightLength =0;
double deltaD=3;

v

/ Nhip danh sach céc diém
/ Pk, k=0-N

¥

Khéi tao diém bit dau va két
thic qui dao bay Pst. Pend

¥

> k={0.N}

= = = \k:N> < k=0 &R ke

PI=P[N-2] P1=P[k-2]; P2=P[k-
P2=P[N-1], P3=P[N]; 13; Pa=p[k];
P4=Pend P4=P[k+1]

P1=Ps: P2-P[0];
P3=P[1]; P4=P([2]

Tinh hé s6 ciia da thitc
Hermite béac ba

¥

Tinh céc diém trung gian

¥

L danh séch diém trung
gian pMids[M]

¥

. ={0M-1}

¥

Xac dinh vi tri dia Iy cda cac
diem trung gian pMids[1]

¥

Tinh toan, cdp nhat tham s6 cac
diém theo vi tri dia Iy

+

Biéu dién dwong cong va cac
théng s6 twong tmg

¥

r" .

K&t thuc j
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r

A

Hinh 7. Quy trinh tinh va biéu dién duong cong
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VI. KET QUA IPNG DUNG

Phan mém Tiéu d6 Tong hop la mot san pham cong
nghé thong tin dung dé hé trg soan thao dwong bay, kich
ban bay, va tong hop thanh cac ban tin phuc vu cong tac
huan luyén tiéu d6. San pham c6 giao dign than thign, c6
nhleu chirc néng dap Gmg dugc nhu cau thuc té. Céc diém
ndi bat cua tiéu do tong hop: Phan mém tiéu d6 téng hop
cho phép bién soan cac tinh hudng duong khong mot linh
hoat, nhanh chéng; Moi truong bién soan duoc the hién
truc quan bang nhleu tang, 16p. Tur thap 1én cao, tang thap
nhat cé tén la tang “Béan d6”, trén do la tang “O vuong”,
tang “Radar” va tang “Dudng bay”. Tang Ban d6 va tang
DPuong bay dugc dung chung cho nhiéu khung bién soan.
Tang Radar quan ly toa do va vung quét cua radar, phuc
vy cho vige xuat ban tin PVCL. Tang “Dudng bay” bao
gom nhiéu duong bay khéc nhau. Moi dudng bay dugc
dinh nghia bang mot tap cac thdng tin: ma higu, kicu loai,
$0 lLrO'ng, d6 cao, thoi diém xuat hién... Tiép theo 1a danh
sach cac diém nat dai dién cho cac diém thong tin.

Toa d6 cua cac diém nut trén du(‘mg bay dugc tinh toan
dua trén toa d6 chuan, c6 do chinh xac phu hop véi cong
tac huan luyén. Duong bay dugc the hi¢n truc quan va
chinh xac trén man hinh. Puong ndi glua cac diém ,nut
duoc tinh theo thuat todn Catmull-Rom nén bao dam co sy
dong nhat Quy dao bay khong c6 dinh nhon va duong tu
giao cét khéng mong muon. Chuong trinh ciing tu tinh
kh0ang cach glua cac diém nat, téc do trung binh, ... gitta
cac diém nit va ca duong bay, hién thi hop 1y dé VIeC bién
soan duong bay thém chinh xac va thuén ti¢n. Cong thic
tinh todn cu ly dugc diéu chinh theo cng thirc da trinh
bay ¢ phan trén. C6 the cai dat cho timng diém nat trong
duong bay: do cao, sb lwong, thoi diém, hanh vi, ... Cac
hinh thai thay ddi cling duoc thé hién tryc quan, tuc thoi
trén man hinh. Cé the tdng do chinh xac cta cac duong
bay bang cach ting sb diém trén quy dao bay.

~ Hinh sau la mot biéu dién cta chuong trinh Tiéu do
t6ng hop vé cac duong bay co trong mot bai tap thyc hanh.
Ving troi quan 1y lién quan dén Ha ndi va cac vung lan
can; dién tich khoang 600x600km.

Hinh 8. Sogn thdo dirong bay trén bdn dé 6 vudng 5x5.

Cac duong bay dugc quan ly trén khﬁng gian 1én nén
khi tinh toan doi hoi phai sir dung cac cong thac hiéu
chinh theo toa d¢ vat ly. Két qua tinh toan khoang céch
gitta mot s6 duong bay di ngang trong chuong trinh cho
két qua nhur sau (cac vi do duogc lya chon tuong tng véi vi
do cua cac diém dan cu 16n):
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BANG 2. SO SANH KET QUA NOI SUY TRONG CHUONG TRINH VA
CONG THUC (6):

Vi KINH | KINH | KHOA THEO CHUOG | SAl
PO 370} 370} NG CONG NG LEC
PIEM | PIEM | CACH | THUC(4) | TRINH H
PAU CuoI KINH -
PO CONG
THUC
(6)

o} o} o} o} KM KM %
259 | 1029 | 106.0 | 3.056 | 305.3180 | 293.54 | 3.86
74 96 52 254 %
209 | 101.9 | 105.0 | 3.056 | 317.1199 | 304.89 | 3.86
74 96 52 247 %
16.5 | 100.9 | 104.0 | 3.055 | 325.5300 | 313.08 | 3.82
00 74 29 026 %
12.4 | 1019 | 105.0 | 3.056 | 331.6052 | 318.82 | 3.86
74 96 52 133 %
7.47 | 101.9 | 105.0 | 3.056 | 336.7368 | 323.75 | 3.86
4 96 52 609 %

VII. KET LUAN

Véi vige sir dung cong thire Catmull-Rom huéng tam,
chuong trinh tiéu do tong hop di thé hién duong cong dap
ung dugc mo ta vé duong bay, bdm gan sat dlem kiém soat
va bao dam khdng co dinh nhon va su dan cit noi tai. Do
véi cac khu vuc can bleu dién quy dao bay véi do chinh
X&c cao, cO thé ting sb diém trén quy dao bay cua mdi
duong bay.

Viéc sir dung bé sung hé sé diéu chinh trong viéc tinh

d6 rong cua mot kinh do 1a can thiét doi véi chuong trinh

TDTH. Két qua tinh do dai duong bay so gitra thyc té va

tinh toan c6 sai s6 6n dinh (khoang 3.86%). Két qua nay

hoan toan c6 thé chap nhan cho cac bai todn huan luyén
gidm sat quan ly duong bay trén cac ban do6 6 vuodng.

LOI CAM ON

Tac gia chan thanh cam on doan E16, doan L26; doan
D225- T6 Vinh Dign, ... da gitip d& hoan thanh va dua vao
st dung thuc té phan mem tiéu do tong hop.
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USE THE RADIAL CATMULL-ROM CURVE IN
REPRESENTATION AND CALCULATION OF
FLIGHT LENGTH

Abstract: This paper introduces a method for
representing and calculating approximate velocity of
flight paths in the application of synthetic target map
training support using radial Catmull-Rom curves.

Keywords: Catmull-rom, flight path, grid map.
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