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MO PAU

Trong vai nim gan ddy, su ting truong hoat dong bay cua cac hdng hang
khong dan dung trong nudc va qudc té mot cach déu dan va nhanh chéng. Hién tai,
mat do cua cac chuyén bay di, dén cac cang hang khong quédc té cua Viét Nam da
dugc ghi nhan ngay mot ting cao. Vi ap luc hoat dong bay nhiéu hon, viéc cung
cap dir lieu khi twong cho kiém soat vién khong luu phuc vu diéu hanh bay can
duogc lién tuc va day du. Piéu nay duoc xem 1a mot trong nhiing yéu té quan trong
thuc day viéc nang cao hiéu qua trong viéc quan 1y nha nude va dam bao an toan
cho hoat dong bay tai Viét Nam. San bay Noi Bai la mét san bay khéng quan dan su
ding chung, thudc hai xa Phu Cudng va Phi Minh, huyén Séc Son thanh phd Ha
Noi. Nam trong ving d6ng bang trung du Bac B, san bay Noi Bai dong mot vai tro
quan trong ca vé kinh té 1an qudc phong. V& mat hang khéng dan dung, san bay Nbi
Bai 1a mot trong sau san bay quéc té cua Viét Nam, 1a cira ngd duong khdng ¢ mién
Bac, 1a mot trong ba san bay néi dia chinh cua ca nuée, ndi lién mién Bac vai mién
Trung va mién Nam, | san bay trung chuyén cac truc hang khong chinh trong khu
vuc va chau luc. San bay quéc té Noi Bai hién c6 mat do bay cao. Van dé khi tuong

thoi tiét xau anh huong 16n qua trinh khai théc cua cac hang hang khong.

Do vay, viéc nghién ciu cac giai phap nhiam nang cao chat lugng cung cap
dich vu khi twong hang khong nham cha dong tu van sém, kip thoi cho kiém soat
vién khong luu tai Noi Bai vé cuong do, thoi gian kéo dai hay céac hién tuong thoi
tiét anh huong dén khu vuc cat ha canh va tai san bay dé tir d6 kiém soét vién khong
Iwu c6 thé lya chon dudng cat ha canh phi hop, khong bi gian doan trong qué trinh
khai thac nham dam bao an toan, diéu hoa, hiéu qua trong day chuyén dam bao hoat
dong bay tai san bay Noi Bai 1a rat can thiét.

Day ciing 1a 1y do, toi chon dé tai “Trién khai Radar thoi tiét METEOR 60DX
cho cung cap dich vu khi twong hang khong dan dung tai san bay Noi Bai” lam dé

an tt nghiép thac si caa minh.



Trén thé gisi hién nay c6 rat nhiéu Radar thai tiét kha hién dai vé6i nhiéu chuc
nang, san pham dy bao kha chinh xac cho céc hién tuong thoi tiét nguy hiém ma céc
Radar thoi tiét thong thuong khong c6 nhu canh bao gio dut tang thap, gio dut tang

cao, phat hién sét da duoc trién khai & mot sb san bay & chau Au va chau My.

San bay Noi Bai thuoc vung khi hau nhiét d6i gié mua, ¢ 2 mua ré rét: mua
mua va mua khé. Mia mua c6 gié mia Dong Nam, khi hau néng 4am mua nhiéu va
kéo dai tir thang 5 dén hét thang 10 duong lich. Mua khoé c6 gié mua Péng Béc, khi
hau khé hanh va kéo dai tir thang 11 dén hét thang 4 dwong lich nim sau. Vi tam
quan trong cua cang hang khdng quéc té Noi Bai, viéc bo sung thiét bi quan trac khi
tuong 1a mot yéu té quan trong quyét dinh nang lyc, chat luong hé thong c6 duoc
théng tin quan tric dam bao d6 chinh xéc, tin cay. Trang thiét bi st dung va phan
mém can str dung cta cac nha san xuét tich hop hé théng Radar thoi tiét dap tng

cac khuyén nghi cua ICAO.

Radar thoi tiét METEOR 60DX 1a mot hé thong Radar thoi tiét phan cuc
kép, tan s6 thu phéat X band (9490 MHz), cdng suat cuc dai 75 KW. Radar thoi tiét
& mét cong cu cuc ky quan trong trong du doan tuc thoi - Nowcasting (00 h - 12 h)
cac hién tuong thoi tiét nguy hiém nhu: déng, sét, 16c, mua to... Dua trén vi tri,
khoang cach, hinh dang, cudng d6 phan hdi vo tuyén cua song dién tir do Radar thoi
tiét thu dwoc khi gap céc tinh thé nudc, giot nudc siéu lanh, tinh thé da trong may,
cac du bao vién sé nhanh chéng dua ra cac canh béo, du bdo sém, chinh xac va kip

thoi céc hién twong thoi tiét nguy hiém sé xay ra mot cach chinh xac.

Theo d6 dé &n: “Trién khai Radar thoi tiét METEOR 60DX cho cung cap
dich vu khi tegng hang khéng dan dung tai san bay Noi Bai” sé& tim hiéu vé céc dich
vu khi tweong hang khong dan dung, cdng nghé Radar thoi tiét va ang dung trién
khai Radar thoi tiét METEOR 60DX nham nang cao chat lwong dich vu khi tuong
hang khong dan dung tai san bay Noi Bai dap wng tiéu chuan caa ICAO.
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CHUONG | - RADAR THOI TIET VA DICH VU KHI

TUQNG HANG KHONG DAN DUNG
1.1. Khai quat vé dich vu khi twgng hang khdng dan dung
1.1.1. Gigi thigu
Khi quyén bao phu Trai dat cua ching ta, tao ra cac lép khi khac nhau.
Do céu tao, dac tinh cua tirng 16p khi quyén khac nhau cong véi su anh huéng cua
nang luong mat troi ¢ ting 16p khi quyén 1a khac nhau nén méi mot 16p khi quyén

c6 nhitng dac tinh riéng biét.

Trong tang ddi luu, noi chira phan Ién hoi nudc trong khi quyén, nhiét do
giam theo chiéu cao, 12 ting chiu anh huong chu yéu cia nang lwong mit troi truyén
xudng trai dat dudi dang buc xa dién tir nén phan 16n qué trinh khi quyén, cac hién
tuong thoi tiét duoc hinh thanh, phat trién. Cac hoat dong cia con ngudi trong d6 ¢o
hoat dong hang khong cha yéu dién ra trong ting dbi luu nén chiu chiu anh

huang 16n bai cac qua trinh khi quyén va cac hién twong thoi tiét dién ra.

Ngoai quyén

Nhiét quyén

Trung quyén
Binh luu

P 6i Iuru

Hinh 1.1: Céu truc cac 16p khi quyén trai dat



Thuat ngir khi teong hoc (tiéng Anh 1A METEOROLOGY) c6 ngudn gdc tir
tiéng Hy Lap, c6 nghia 13 khoa hoc vé céc hién tuong trong khi quyén. Méi quan
hé mat thiét caa khi twong hoc véi nhiéu linh vuc khoa hoc khéc nhau: vat ly, dia
chat, toan hoc, khoa hoc trai dt... nham tim hiéu cac tinh chéat vat Iy cua khi
quyén, nham hiéu duoc cac tinh chat va phan b cua hién tuong thoi tiét, khi hau...

nham dap (ng nhu cau cia con ngudi trong hoat dong kinh té, chinh tri va xa hoi.

Khi twong hang khdng tim hiéu vé su phan bé cuaa céc hién tugng khi quyén
trong tang khi quyén, nguyén nhan hinh thanh va tac dong cua cac yéu t6 thoi tiét,
dic diém khi hau lién quan dén hoat dong hang khong qua d6 dua ra nhitng nhan

dinh, du bao dam bao hoat dong hang khéng an toan, thuan lgi. [11]
1.1.2. Dich vu khi twong hang khong

Dich vu hang khong 1a mot khéi niém rong Ion, bao ham tat ca cac hoat dong
va dich vu lién quan dén nganh hang khéng nhiam dap ang nhu cau van chuyén cua
con ngudi va hang hda bang phuong tién bay. Dich vy nay khong chi gisi han ¢
viéc van chuyén ma con bao gom cac hoat dong bao dudng, kiém tra, cung cap dich
vu khi twong, diéu hanh bay, an ninh va dich vu tai san bay nhu quan ly hanh Iy,

cung cap thire an, nude udng, va cac dich vu hd tro khac.

Dich vu hang khéng dan dung la thuat ngir chi riéng phan caa nganh hang
khong lién quan dén hoat dong van chuyén hanh khach va hang héa khong lién quan
dén muc dich quan su. Dich vu ndy bao gém ca chuyén bay thuong mai va chuyén

bay c4 nhan khong mang tinh thuong mai.

Ca & Viét Nam va trén thé gigi, dich vu hang khong dan dung duoc coi la
mét phan khdng thé thiéu trong nganh giao thdng van tai, gitp thac day giao luu
kinh té, van hoa giita cc qudc gia va ving 1anh tho. Su phét trién cua dich vu hang
khéng dan dung gop phan quan trong vao su phat trién caa du lich, thwong mai va

kinh té toan cau.



Thoi tiét ludn 1a yéu té c6 anh hudng dang ké dén an toan trong cac chuyén
bay trén toan cau. Theo dit liéu tir Cuc Hang khong Lién bang My (FAA), khoang
70% cac truong hop cham tré chuyén bay c6 nguyén nhan tir thoi tiét. Hon nita, thoi
tiét cling gay ra nhiéu su ¢ va tai nan hang khong, dan dén ton that 16n vé mat kinh

té va an toan cho hanh khach.

O Viét Nam, bao cdo tir Ban an toan, Chit lwgng va An ninh caa Tong cong
ty Quan Iy bay Viét Nam cho thay thoi tiét anh huong dén khoang 50 - 60% céac sy
cd hang khéng, bao gom viéc cham, chd bay, phai bay vong tranh khu vuc c6 thoi
tiét xau, hozc tham chi Ia huy bo chuyén bay do diéu kién thoi tiét khong thuan loi

nhu bdo, may CB, hoat dong gié manh, hoac dong bang. [11]

Pé dam bao rang dich vy khi tuong dap ung yéu cau cua hoat dong hang
khdng mot cach an toan va hiéu qua, Té chicc Hang khong Dan dung Quéc té
(ICAO) da ra doi Phu uéc 3 (Annex 3 - Meteorological Service for International Air
Navigation) vao ngdy 16 thang 4 nim 1948. Pay 1a b tiéu chuan va khuyén céo
dugc thiét ké dé hd tro cong viéc khi tugng trong hang khdng, ap dung cho tat ca
c4c qudc gia thanh vién, trong d6 co Viét Nam tir ngay 12 thang 4 nam 1981. MJi
nam, trong cac cudc hop cua ICAO, Phu udc nay lién tuc dugc xem xét, chinh stra
va cap nhat dé phan anh dung thuc té va tién bo cua khoa hoc k¥ thuat. Cac dich vu
khi twong hang khdng qudc gia do d6 c6 nhiém vu cung cap dir liéu, phan tich va
canh bao thai tiét, tuan theo cac quy dinh caa ICAO, nham dam bao an toan va hiéu

qua cho hoat dong van tai hang khéng ca trong va ngoai nudc.
1.1.3. Céc san pham chinh cia dich vu khi twong hang khong

Dé hd tro viéc quan Iy va van hanh céc hoat dong bay mot cach an toan, troi
chay va hiéu qua, ciing nhu dap @ng yéu cau vé trao d6i va cung cap thdng tin khi
tugng cho nganh hang khong ca trong va ngoai khu vuc, Trung tdam Khi tuong hang
khong cam két cung cip cac san pham dich vu tudn thu chat ché cac quy dinh cua
phap luat quéc gia vé khi twong hang khong va theo céc tiéu chuan, khuyén nghi
cua To chirc Hang khéng Dan dung Quéc té (ICAO).



Trong s c&c san pham chinh, ching ta c6:

Ban tin quan tric va bao céo thoi tiét cho san bay gom ban tin thuong 1é
MET REPORT/METAR va ban tin dac biét SPECIAL/SPECI. Nhitng ban tin nay
dugc cung cap dinh ky mdi 30 phat dé théng béo cho cac nha van hanh bay, phi
cdng va cac bén lién quan khac vé tinh hinh thoi tiét tai san bay, giip ho dua ra

quyét dinh chinh xac, bao dam an toan cho hoat dong bay.

C4c ban tin du bao va canh bao ciing 1a phan khong thé thiéu, vai nhiéu loai
thong tin khac nhau nhu du béo thoi tiét cang hang khdng (TAF, TAF AMD), dy
bao ha canh (TREND), du bao cit canh, du bao thoi tiét trén duong bay va khu vuc
bay, cling véi céc thong bao vé céc hién tugng thoi tiét nguy hiém nhu SIGMET va
AIRMET, canh béo thoi tiét san bay (AD WRNG) va canh bao gié dut tang thap
(WS WRNG).[1]

Du bao thoi tiét cho cang hang khong va sin bay dong vai trd quan trong
trong viéc thong bao cho cac bén vé dién bién thoi tiét du kién, giup ho lap ké
hoach va chuan bi tét hon. Khi c6 thay doi dang ké so véi du bao di phat hanh, mot
ban tin du béo bd sung (TAF AMD) s& duoc lap dé cap nhat nhitng thay d6i méi
nhat.

Ngoai ra, dich vu khi trgng con bao gom:

Ho so khi tuong va tu van, thuyét trinh danh cho cac to 14i va nhan vién diéu
d6 bay tai cac cang hang khong, san bay, gitp ho hiéu rd vé cac diéu kién khi twong
cling nhu cach tng pho véi céc tinh hudng thai tiét khac nhau.

Thong tin vé khi hau hang khdng cung cap s6 liéu théng ké dua trén chudi dit
lieu nhiéu niam, hd tro cac nha khai théac trong viéc 1ap ké hoach va quan Iy cac hoat

dong bay dai han, ciing nhu trong quy hoach ma méi cac tuyén duong bay.



1.2. Vai tro caa dich vu khi twgng trong nganh hang khéng
- Dtr liéu khi twong hang khéng s€ duoc thuc hién qua cac budc sau:

Thu thap dit liéu: Dit liéu khi twong duoc thu thap tir nhiéu ngudn khéc nhau,
bao gém cac tram khi tuwong trén mat dat, vé tinh, radar, va may bay. Dit liéu nay
bao gom nhiét do, ap suat, do am, gio, va cac hién twong thoi tiét nhu may, suong

mu, mua.

Xt ly va phan tich: Dir liéu duoc gui vé trung tdm du béo khi twong, noi nd
dugc xtr Iy va phan tich dé tao ra cac ban tin va ban d6 thoi tiét. Nhitng thong tin
nay duoc cap nhat lién tuc dé phan anh chinh xéac nhat tinh hinh thoi tiét hién tai va

du bao.

Phat hanh théng tin: Thong tin khi twong dugc tong hop thanh cac bao céo
nhu METAR (bdo céo thoi tiét hang khdng tic thoi), TAF (du bao thoi tiét hang
khong), SIGMET (thong tin canh béo thoi tiét dac biét), va AIRMET (thong tin thoi
tiét khong 6n dinh cho may bay nho). Cac bao cdo nay dugc phat hanh cho cac don

vi lién quan trong nganh hang khéng. [4]

Truyén dir liéu: Thong tin khi twong sau khi da dwoc tong hop va phat hanh
s€ duoc truyén dén cac phi cong, don vi Kiém soat khong luu, va cac bén lién quan
khéc théng qua céc hé thong truyén thong hang khong. Qua trinh nay c6 thé dugc

thuc hién thong qua hé thong VHF, HF, mang noi b nganh hang khang.

Nhan va stir dung théng tin: Phi cong va céac bén lién quan sé stir dung théng
tin khi twong nhan duoc dé 1ap ké hoach bay, dua ra cac quyét dinh diéu chinh hanh
trinh hodc d6 cao bay dé tranh thoi tiét xdu va dam bao an toan cho chuyén bay.

- Dich vu khi tugng trong nganh hang khong dong mot vai tro cuc ky quan
trong va khéng thé phu nhan, véi cac tac dong va anh huong 16n dén moi khia canh
cua hoat dong hang khdng, tir an toan cho dén hiéu qua va kinh té:

Pam bao an toan bay: An toan 1a vu tién hang dau trong nganh hang khong.

Thoi tiét xau nhu bao, gi6 manh, swong mu, bang gi4, hoic mua da co thé gay ra



cac tinh hudng nguy hiém cho ca tau bay va hanh khach. Dich vu khi tuong cung
cap cac ban tin du bao, canh béo thoi tiét nguy hiém giup phi cong va don vi diéu
hanh chuyén bay 1ap ké hoach va chuan bi tét hon, tir d6 giam thiéu rui ro va dam

bao an toan cho cac chuyén bay.

H& tro 1ap ké hoach bay va quan 1y khong luu: Dy béo thoi tiét chinh xac
gilp cac to 14i va nha quan 1y khong lwu 1én ké hoach cho cac chuyén bay mot cach
hiéu qua, bao gom viéc chon lra duong bay téi wu, wdce tinh thoi gian bay va xéac
dinh nhién liéu can thiét. Biéu nay gilp giam thoi gian va chi phi van hanh, dong
thoi ting cuong hiéu suat caa nganh hang khong.

T6i wu hoa hoat dong tai san bay: Dich vu khi tugng hang khéng cung cap
thong tin quan trong gilp quan ly san bay va cac dich vu mat dat hoach dinh céc
hoat dong caa minh, tir viéc sap xép lich trinh bay dén viéc chuan bi cac bién phap
ing pho vai thoi tiét xau, dam bao hoat dong cua san bay dugc duy tri trdi chay va
an toan.

Cai thién trai nghiém hanh khach: Thong tin thoi tiét cap nhat gilp hang
hang khong va nhan vién dich vy khach hang cung cap théng tin chinh xac cho hanh
khach vé tinh hinh chuyén bay, bao gom cac cham tré do thoi tiét. Biéu nay gidp

tang cudng sy hai 10ng va tin cay caa hanh khach déi véi dich vu hang khang.

Phong chdng va giam nhe thién tai: Trong trudng hop thoi tiét cuc doan hoac
thién tai nhu bao, 156¢ xody, dich vu khi tugng cung cap thdng tin quan trong giup
cac co quan hang khong va co quan quan ly khan cap lap ké hoach va trién khai cac
bién phéap &ng pho kip thoi, bao vé co sé ha tang va dam bao sy an toan cho ca hanh

khach va nhan vién.



1.3. Nguyén ly Radar thoi tiét
1.3.1. Nguyén Ly

Radar thoi tiét hoat dong dua trén nguyén ly phan xa song dién tir. Khi mot
song dién tir duoc phat di tir radar va gap cac hat thoi tiét nhu mua hodc tuyét, mot
phan cta s6ng s& bi hat nay phan xa lai vé phia radar. Radar thu nhan tin hiéu phan
Xa Va Xtr Iy n6 dé xéac dinh théng tin vé thoi tiét.

Cong thirc xac dinh khoang cach dén muyc tiéu 1a

R=(cxAt)/2 (1.1)

Trong d6 R 13 khoang céch tir radar dén muc tiéu, ¢ 1a toc do anh sang, va At
la thoi gian tir luc soéng duge phét di cho dén khi nhan duoc séng phan xa.

D6 manh cua tin hiéu phan xa, duoc goi 13 Z, thuong duoc do bing dBZ. Z
dugc tinh theo cong thuec:

Z=Axr (1.2

Trong d6 A va b 1a hiang sé phu thudc vao loai mua va r 1a ban kinh cua hat

mua. [6]

Radar thoi tiét cling sir dung phép do Doppler dé xac dinh toc do va huéng
chuyén dong cua céc hat, tir d6 du doan huéng di chuyén cia may mua. Toc do
Doppler dugc tinh bang:

v=(Afx ¢)/ (2 x fo) (1.3)

Trong d6 Af 14 su thay d6i tan s6 Doppler, ¢ 12 téc d6 anh sang, va fo 1a tan s

song phat ra. [7]
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1.3.2. Cac tham sé khi twong nhdn duwoc tir Radar thei tiét:

- Hé sé phan xa (Reflectivity) Z

Hé sb phan xa 1a thuéc do cong suit phan xa tir muyc tiéu khi twong, muc tiéu
manh (stronger) thi hé s phan xa Z ¢6 mic cao, do d6 dBZ ciing c¢6 muc cao. Gia
tri Z va dBZ c6 quan hé vai sé phan tir khi twong trong mot don vi thé tich (1md) va

lity thira 6 cia dudng kinh trung binh cua ching (D), do vay né ciing thé hién luu

lwong mua (Rainfall Rate), nguoi ta goi d6 1a “quan h¢ Z-R”. [10]

Gia tri ciia hé s6 phan xa Z nam trong pham vi: 0,001 mm6 /m3 (swong mu

nhe) + 4000000 mm6 /m3 (mua da)

Bang 1.1: Quan hé giira hé s6 phan xa va luu lwgng mwa

dBZ | Rain rate | Trang thai khi twong

10 |~0,2 May

20 |~1 Mua Phun

30 |~3 Mua nhe

40 |-~10 Mua rao

50 |~50 Mua to kém sam sét, ¢6 thé kém mua da
60 |~200 Mua rat to, bdo td sim sét, mua déa
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Cuodng d6 manh hay nhe cua ning luong tin hiéu phan xa tir cac vat thé khi

tugng dugc hién thi twong tng véi mic mau khac nhau:

10

100 -4.1’-%

[ ]
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% 0 as“g‘
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Hinh 1.2: Biéu dién dBZ theo cac mirc mau

Light Intensity

<

Clwng d6 manh

Ih avy Intensity
ﬁ .

Hinh 1.3: Hién thi cwong d9 mwa va vung khi tweng thanh mau
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- Luu lwrgng mwa (Rainfall Rate) R

Radar thoi tiét cho phép quét vaing khong gian rong Ion va do nhanh va tinh
ra luu lwong mua. Tuy khéng thé truc tiép do d6 ngung tu cia hoi nude, nhung néu
gia thiét rang biét duoc mat d6 phan bé ngung tu ciia cac phan tir khi tuong (tac biét
s6 cac phan tir véi cac kich thude theo phan loai khac nhau) thi c6 thé tinh dwoc
méi quan hé giita hé s6 phan xa Z véi luu luong mua(R-mm/hr) dua trén tin hiéu
phan xa thu duoc:

Z = A x R (A va b l1a cac hang s6 dugc xac dinh bai gia thiét vé phan b
kich thuéc phan tir khi twong). Phuong trinh ndy thé hién mdi quan hé gitta Z va luu
lugng mua R, duoc goi 1a “Quan hé Z-R”. Viéc tinh toan dugc thuc hién tu dong
nho chuong trinh phan mém cua radar.

Gia tri hai hang s6 A va b duoc tinh riéng theo cau hinh cua ting radar va
dugc nghién ctu tir nhiéu tac gia. Quan hé Z-R chung nhat 14 sau day: [9]

Z=200R'*® (Téc gia Marshall va Palmer 1948) ap dung cho mua thanh
tang, thanh 15p.

Ciing c6 mot sé quan hé Z-R khac nhu sau:

Z=31R'"* (Blanchard,1953) véi mua nhe
Z=350R* v&i mua co sam sét
Z=500R"% (Joss, 1970) vai bao t6 sam sét

Z=2000R? (Marshall and Gunn,1958) dbi véi tuyét
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| kAarshall - Palmer

z=200R'
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Hinh 1.4: Quan h¢ ZR
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- V@n téC V¢

Céc radar hién dai déu c6 thé do dugc van téc hudng tam (radial velocity) Vi

ctia muc tiéu dira vao d6 dich tin Dopple trong tin hiéu phan xa thu duoc:
fa=2Vi/ X (14)

Gia tri van toc hudng tdm cuc dai c6 thé do duge don tri bi han ché boi tan

s6 13p lai FL ciia xung SCT phat tir radar:
Vimax=05faA<05F_. A (1.5)

Luong dich tan Doppler dung dé xac dinh téc do gio, bdo tap, xody Ioc va
phu thudc vao hudng di chuyén cua vat thé khi twgng so véi hudéng truc quang cua
anten dai radar. Khi lwgng dich tan Dopple c6 gi4 tri &m thi hién mau xanh trén man
hinh, con khi lugng dich tan Dopple ¢6 gia tri duong thi hién mau do trén man hinh.

- P rong pho (Spectrum Width) W

Dir liéu d6 rong pho cho biét d¢6 phan tan tbc d6 huong tdm cua khi khi
tuong. Mit khac, d6 rong phé ciing cho biét phan bé téc do caa cac (co thé c6 hang
triéu) phan tu khi tugng thay vin trong mot thé tich phan biét caa radar. Mdi phan
tir khi twong thiy van lai ¢6 téc d6 va huéng di chuyén riéng. Hinh duéi day 1a dang
d6 rong phd cua tde do hudng tam va gid trj trung binh cua né tly thudc vao tée do

gi6 va mic d6 cudn xody cua cac vat thé khi tuong.

Bang 1.2: Pd rong phd caa tée dd hwéng tam va gia tri trung binh

Cudn xoay Nhe Manh R4t manh

Do rong phé trung 4 7 >8
binh (m/s)
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- Hé s6 sai biét phan xa (Differential Reflectivity) Zpr

Hé sb sai biét phan xa 1a loai dit
liéu dugc tao ra nho Radar hai phan
cuc. NOi chung, Radar khi twong phat
va thu song vi ba mot phan cuc, thuong
la phan cuc ngang bai vi cac hat mua
thuong cé dang det. Nho phéat va thu
song radar nhiéu hon moét phan cuc ma
lay duoc nhiéu théng tin vé ban chét cua
muc tiéu. Hé so sai biét phan xa 14 ti s6
gitta céng suat cac séng vé phan cuc
ngang va séng vé phan cuc dang. Ti s6
nay cho biét vé hinh dang cua giot
(phan tir) khi twong va tir d6 ude luong
chinh xac hon vé kich thudc trung binh
cua no:

Zpr=10log1o (ZH/ Zv) (1.6)

& day Zn 1a hé sb phan xa phan cuc ngang, Zv 1a hé sé phan xa phan cuc dung. Zor

dugc tinh ra dB (decibel).

1.3.3. Uu diém

Target (drop) £
M
—
Horizontal polanzation
Target (drog
e )
2 b
a 049"

Vertacal polarization

Hinh 1.5: Hai phan cuc

1) Phat hién mwa va may qua séng dién tir

Radar thoi tiét hd trg dic luc trong viéc do dac cac yéu to thoi tiét. Bang cach
sir dung song dién tir va nhan phan hdi tir ddm may va mua, ching ta co thé xac

dinh vi tri, hinh dang, va do Ion cua céc hién tuong thoi tiét. Sy phan xa va hap thu

tin hiéu 1a chia khoa dé hiéu ré vé ciu trac vat ly cia mdi loai miy va mua.
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2) Dy bao thei tiét chinh xac véi Radar

Vé6i kha ning quét ving mot cach chi tiét va do phan giai cao, radar khong
chi cung cap anh véi d6 chinh xac cao hon ma con giup du bao thai tiét trong cac
khu vuc nho va vira. Quét ngang theo hinh vong tron mang lai anh thoi tiét xung
quanh tram, tir d6 ching ta c6 thé doan dugc cuong dd6 mua va dy bao thoi gian

mua.

Radar khong chi giup chung ta theo ddi ddm may va mua ma con cung cap
thong tin vé phan bé gié va do am trong khi quyén. Diéu nay lam cho qué trinh
nghién ctiru va dy béo thoi tiét tro nén phong pht hon, véi nhirng dix liéu quan trong
ma radar thong thuong khong thé cung cap.

1.3.4. Nhwoc diém

Radar khong thé theo ddi néu mot vat thé giam téc do voi hon 161 km/h.
Néu mot vat thé dang di chuyén, hé théng radar c6 thé gap kho khin trong viéc thu
thap di liéu tir vat thé.

Bén canh d6, cac vat thé 16n gan tram phét c6 thé 1am bdo hoa bo thu. Tin
hiéu radio hoat dong tét nhat khi vat thé cach xa bo thu va khong gan hon.

Véi nhirng nhuge diém nay, viéc lya chon moéi truong, vat thé dé tng dung
s6ng radar can dugc can nhic ki cang dé song radar mang lai hiéu qua cao nhat.

Can phai lap dat tét, can c6 khoang khong gian phia trude cam bién khong bi
can tré che chan, khong bi han ché bai thi cong lap dat.

C4c vat can trong duong phét tin hiéu c6 thé gay ra tin hiéu phan hoi sai.

Soéng Radar khong tiép xuc bi anh huaong bai bé mat chat long, néu chat long

dao dong thi séng tin hiéu dwa vé khdng chinh xac do bé mat séng &m bj phan tan.
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1.3.5. Phan logi radar thoi tiét

Theo qué trinh phat trién cua cac radar chuyén quan sét thoi tiét, khi tuong

phuc vu khong luu (sau day goi tat 1a radar thoi tiét) c6 thé chia thanh 3 loai sau:

- Radar thoi tiét thong thuong: Cac radar thoi tiét trudce kia thuong khong do
duoc su thay d6i tan sb trong tin hiéu phan xa (phu thuéc vao van téc chuyén dong

hudng tdm caa muc tiéu) so vai tan s tin hiéu phat.

- Radar thoi tiét Doppler: Radar loai nay do dugc luong dich tan Doppler
trong tin hiéu phan xa. Sir dung nguyén 1y “xung twong can” dung tach song pha dé
phat hién nhitng khac biét vé& pha giira cac xung tin hiéu phat va cac xung tin hiéu
phan xa tr muc tiéu. Loai radar nay thuoc loai radar twong can. Cac radar khong

tuong can thi khong thé do duoc lugng dich tan giita xung phan xa va xung phat.

- Radar thoi tiét Doppler phan cuc: Radar thoi tiét Doppler phan cuc thudc
loai radar phan cuc, phat va thu séng phan cuc, ¢ thé 1a phan cuc thing, 1 phan cuc
hodc ngang hoic diing, hoic dong thoi ca 2 phan cuc ngang va duang (¢ thé tao
thanh phan cyc tron). Radar loai nay cho phép thu dugc nhiéu thong tin khi twong
Vi dir liéu day du va chinh xac hon.

Tat ca céc loai radar thoi tiét noi trén thuong hoat dong ¢ cac dai tan sb: S-
band (2-4 GHz) C-band (4-8 GHz), X-band (8-12 GHz). [5]
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1.4. Két luan chwong I

Dich vu khi tegng hang khéng dan dung dong mét vai trd cét yéu trong viec
dam bao an toan va hiéu qua cua hoat dong hang khdng trén toan cau. N6 khong chi
gilp trong viéc 1ap ké hoach va diéu hanh chuyén bay ma con hd trg cai thién trai
nghiém cua hanh khach va téi vu hoa hoat dong tai cac san bay. Tai Viét Nam, su
phét trién va to chtc cta dich vu khi twong hang khong di duoc cing b va hién dai
hoa, diéu nay phan anh sy cam két trong viéc tuan thu cac tiéu chuan va khuyén
nghi caa T6 chic Hang khdng Dan dung Quéc té (ICAO) ciing nhu nang cao chat

luong dich vu dé phuc vu nganh hang khong va dap ¢ng yéu cau cua ngudi ding.

Cac san pham tir dich vu khi twong, bao gom ban tin dy bao thoi tiét, canh
bao thoi tiét va tu van khi twong, 12 nhitng cng cu quan trong dé dam bao hoat
dong bay an toan va hiéu qua. Chung gidp giam thiéu rai ro va cung cap di liéu can

thiét cho viéc quyét dinh lap ké hoach va quan ly chuyén bay.

Trong bdi canh toan cau hoa va sy phét trién manh mé cua nganh hang
khong, vai tro cua dich vu khi tugng hang khéng ngay cang tré nén quan trong hon.
Viéc dau tu va cai thién cac dich vu khi tuong khong chi can thiét cho an toan hang
khéng ma con gép phan vao su phat trién bén viing cua nganh hang khéng dan
dung, ciing nhu thuc day giao luu kinh té, vin hoa gita cac quéc gia va ving lanh
tho.

Radar thoi tiét 14 mot céng cu quan trong trong viéc phat hién va du béo thoi
tiét, hoat dong dua trén nguyén ly phan xa séng dién tir. Tuy nhién, radar ciing ¢
nhuge diém nhu khong thé theo di vat thé di chuyén nhanh hozc bi anh huong boi
c4c vat can gan tram phat. Radar thoi tiét dong vai trd nang cao chat luong cung cap

san pham khi tuong tirc thoi phuc vu diéu hanh hoat dong bay.
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CHUONG Il - CONG NGHE RADAR THOI TIET METEOR 60DX
2.1. Hé thong Radar thoi tiét METEOR 60DX

2.1.1. Gigi thiéu chung

Hé thdng Radar thoi tiét METEOR 60DX 14 radar thoi tiét hai phan cuc caa

cong ty Selex ES — Gematronik nudc Bac

-T/h thu IF
) -T/h COHO (dao
e~z v T/h RF kénh H . dong twong can)
' "‘1\_'“* T/h RF kénh V o= Lung Kich phat
ek . vd Miy thu I
Anten T/hRF phat dung =
dinli pha thu .
(?ria dfri Khéi xit I tin hiéu
. CIS L m e —— T 4 . I
| | =5[] Xung kich phat. AFC |
- ————— VR y
Tin hi¢u RF phat
May phat Magnetron

Hinh 2.1: So' @6 khdi tong quat hé théng radar 2 phan cuc

Cau hinh 2 kénh hd trg 2 kiéu hoat dong cua radar: kiéu hoat dong chi theo
mot kénh phan cuc ngang (kiéu HP) va kiéu hoat dong theo ca 2 kénh phan cuc
(kiéu DP). Trong kiéu HP, may phat va may thu chi phét va thu phan cuc ngang.
Kiéu nay ciing ding dé udc lugng ty sd khir phan cyc tuyén tinh (LDR- Linear

Depolarization Ratio)

Trong kiéu hoat dong 2 phan cuc DP, cong suat phat chia thanh 2 kénh phan
cuc vudng goc va phat ddng thoi. Mi kénh déu c6 may thu riéng. Vi cng suat phét
chia doi nén cong suat mdi kénh giam di 3 dB so vai khi phat kiéu HP. Khi chuyén
sang phét kiéu 2 kénh DP, mdi xung déu dugc trich mau dong thoi trong 2 kénh H
vaV. [3]
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Bang 2.1: Tinh ning cia cau hinh 2 kénh DP

Tham s6 Gia tri tham sb
Dan 6ng dan séng

Mt sai léch cong suat 2 kénh + 0,13 dB max
Thai gian chuyén mach 1s max

Do tré chuyén mach 2s min

Chu ky chuyén mach 1 mdi lan quét
Do cao budng Radar 2,80 +3,00m

Cau trGc cua radar METEOR 60DX bao gdom cac thanh phan chinh sau:
- Hé thdng phat va thu tin hiéu hai phan cuc: Radar METEOR 60DX sir dung
hé théng phat va thu hai phan cuc cho phép thu thap dir liéu phong pht hon vé cac
muc tiéu khi twong, bao gom ca hinh dang va kich thuéc cua cac hat mua.
- Khép quay hai kénh: Pugc thiét ké dé hd tro quay theo phuong vi, khap
quay hai kénh gitp cai thién kha ning thu thap dit liéu tir nhidu huéng khac nhau,

tang cuong do chinh x4c cua thong tin khi tugng.

- May phéat: St dung dén siéu cao tan Magnetron ddng truc va bo diéu ché
thé ran. Bo diéu ché tao ra cac xung am dién 4p cao dit vao dén magnetron, Khi
vuot dién ap ngudng dao dong thi trong dén s& xuat hién dao dong siéu cao tan,
nang luong siéu cao tan tir hdc cong hudng trong dén s& duoc ghép phdi hop ra dng
dan song dé truyén ra anten cho phép radar phat séng véi hiéu suat cao.

- May thu bao gom 3 phan néi tiép nhau: phan may thu analog (AR — Analog
receiver), phan may thu sé (DR — digital receiver) va phan xua Iy tin hiéu (SP —
Signal). [8]
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Bang 2.2: Tinh nang ky thuat cia dai radar

Tham sb Gia tri tham s6

Anten

Kiéu Mait phan xa paraboloid tron xoay
Duong kinh mat phan xa 24 m

Hé s6 khuéch dai >44,5 dB

Do rong bup soéng ¢ muc 0,5 cong suat| 1,05 do

Tinh phan cuc

Phan cyc ngang va phan cuc dling

Pic¢u kién méi truwong ciia radar METEOR 60DX

Giai nhiét do bén ngoai -15°C +~+45° C
Do am Téi 100%
Thoi tiét Suong mu, mua, mua da, bao t6 sAmsét

Luu lugng mua

Mua lién tuc t61 5S00mm/h

Khi quyén

Chiu duoc an mon ciia khong khi bién

Do cao lap dit

T61 3,5 km trén muc nudc bién

H¢é thong ra da khi twong METEOR 60DX

Tan s6 hoat dong

9,3 + 9,5 GHz diéu chinh dugc (Bang X)

Mode xung mac dinh

Xung ngan (SPM-short pulse mode)

D0 rong xung

0,33+ 2,5 ps




22

D0 phan giai theo cu ly 60m

Tan s6 1ap cla xung 250 + 3000Hz (theo tuy chon)
Cong suit phat dinh 75kW

Cuy ly hoat dong 100 km

Dai chuyén dong goc nang -6° dén 182°

Luu luong mua tdi thiéu quan sat <0,02 mm/h
duoc, tng véi khi cu ly hoat dong dién

hinh va téc d6 anten quay cuc dai

2.1.2. Uu diém cua radar hai phan cuc

Hé thong radar thoi tiét thong thuong phat va thu tin hiéu phan cuc ngang, c6

hiéu qua tot trong viéc tham sét troi mua.

Radar thoi tiét 2 phan cyc phéat va thu tin hiéu vi ba theo ca 2 phan cuc. Cac
dir liéu nhan dugc s& chira dung nhiéu thong tin hon vé hinh dang va kiéu roi cua

cac loai vat thé khi twong thuy van khac nhau.

So d6 chung nhit cua radar 2 phan cuc la phéat va thu cac song phan cuc
ngang va phan cuc dung, twong tu nhu dung 2 chan ti: mot chan ta nam doc theo
phuong ngang, mét chan tir nam doc theo phuong thang dimg. So sanh cuong do tin
hiéu va sai khac pha tin hiéu phan xa tir vat thé khi twong vé 2 chan tr vudng goc

véi nhau d6 s€ nhan duoc thong tin khi twgng thuy van dac trung.

Nguyén Iy co ban hoat dong cua radar thoi tiét 2 phan cuc 1a céac dit liéu 2
phan cuc thu duoc s& cho thong tin ddy du va chinh xac hon vé hinh dang, dung
lrong nudc caa cac hat mua. Dya vao hinh dang cac hat khi tugng ciing cho phép

phén loai cac trang thai khi tuong. [2]
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Céc xung phan cyc ngang va phn cye dimg Giot nho - gan hinh cau, phan xa
dugc phat vai bién do bang nhau O yeu, Hva V gan bang nhau

e Giot trung binh - hoi det, cuong
Pues O d0 phan xa trung binh, H>V

< LWI__WE—_;(‘;‘ LW E 4@7 Lﬁ? O Giot lon - rat d@t.. cuong o phan
: . , , xa manh, H >>V
Céc xung phan Xa phan cyc ngang va

phan cye dimg ¢6 bién do ti I¢ véi

hinh dang cia myc tién Mura da nho - roi ngau nhién, phan

xa manh, H va V gan bing nhau

Mura da lon - kich thuoc dimg
vuot trgi, phan xa manh, V>H

Hinh 2.2: Phan xa 2 phan cuc tir cAc hat khi twgng
Nhitng wu diém cua radar 2 phan cyc Ia:

> Phan loai cac vat thé khi tugng thuy van (mua da, mua, tuyét, v.v...)
> Panh gia tét hon mat d6 kich thudc trung binh caa hat khi tuong

> Hiéu chinh hoan thién hé s phan xa di c6 vé suy giam cia mua

» Uéc luong hoan thién luu lugng mua theo cidc phuong phap Z-R

thong thuong
> Loc bo tot hon cac song vé khdng phai tir vat thé khi twong vi du nhu

nhiéu, c4c di thuong truyén séng, v.v...
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2.2. Phan mém xir ly dix liéu trong hé théng Radar thoi tiét METEOR
60DX.

Bo chuong trinh phan mém dam bao giam sat va diéu khién céc ché do lam
viéc cua dai radar, xir Iy cac két qua quan trac, truy xuat va hién thi cac dir liéu
thong tin khi twong cho cac thiét bi dau cudi tai tram radar thoi tiét va cung cap lién

thong cac dir liéu trong mang thong tin khi tuong.
Bo chuong trinh phan mém gém hai phan mém chinh 1a Ravis va Rainbow.
2.2.1. Phdan mém Ravis

Phan mém Ravis 1a cong cu chinh dé bao dudng va diéu khién radar. Nguoi
ding c6 thé truy cap vao hé thdng radar tir may tinh bat ky trong mang LAN hoic
qua két ndi mang WAN (internet). Ravis la phan mém dugc thiét ké riéng cho dong
san pham METEOR Series cua Selex ES-Gematronik.

Phan mém c6 cau trac theo modul. Cac dic tinh chuwong trinh khac nhau
duoc str dung dé moé phong, diéu khién, ... c6 thé duoc khoi dong riéng biét nhu 1a

cac modul doc lap.

C6 nhiéu lya chon dé md phong dit liéu radar: Dir liéu c6 thé duoc hién thi
trong c4c ctra s6 PPI, Scope, B-Scope hoic RHI. Ngudi ding c6 thé sir dung céc

ctra s6 cua phan mém dé bé tri va quan ly cac théng tin thu thap dugc.

May tinh chay phan mém Ravis két ndi vai hé thong radar thoi tiét thong qua
Radar Control Processor (RCP). Néu can két ni dén mang radar thoi tiét, phai két

ndi qua New Group Server (NGS)

Giao thtrc duoc sir dung dé giao tiép giira Ravis va RCP 1a giao thuc TCP/IP.
Giao tiép nay dua trén ngdn ngir diéu khién radar dic biét (Radar Control
Language). Nho d6, Ravis c6 thé thdng bao ngay 1ap tic vé bat ky su thay doi ndo
cua hé thong radar no dang giam sat va tir d6 ludn hién thi trang thai hién tai cua hé

thdng.
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Dic tinh caa phan mém Ravis:

- Kha ning hién thi thoi gian thuc cho tat ca chirc nang diéu khién va giam
sat radar.

- Hd tro nhiéu mirc ngudi dung va o6 thé quan ly nhiéu hé thong radar.

- Truy cap thoi gian thuc vao dit liéu tho.

- Hién thi thoi gian thue dir liéu vao/ra tir bo xir ly tin hiéu radar (I, Q, UZ,
CZ, V, W, Spectrum, ZDR...) trong cac ctra s6 PPI/RHI hoic A-Scope/B-Scope.

- Piéu khién toan quyén va chi bao trang thai cho cac thanh phan bat ky cua
hé thng radar.

- H3 tro toan quyén can chinh va hiéu chinh hé thong.

- Chirc nang kiém tra ty dong (Build-In-Test).

- C6 ché do "passive mode" dé hién thi va theo ddi truc tiép qua trinh quét va

ché do "active mode" dé toan quyén diéu khién, hiéu chinh hé thong.
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. =

[ ndly A ol

e Desplays  Comrot|, Teels iy / | Menu Bar
2 .

EEMEXEAGORO 3 e
Weekspace 1 Wotkspacs 2 ‘w«hpau 3 > \N ork.spd-cc Bdl’
gy . -| 4 Active window

Conewcton Masages o ol Manag 5 Dcsktop
Commections 6 Taskbar

Selectson Sattings

738AS Testsystem in Goma 106RSS iIn Gema

1290LC n Gema
1200AC i Gemna

720PC-10 In Gema Diect RCP and GDRX.SP
120UAC In Geena - RCP+GORX RX on

70ENAV i Geena * SIS/ 192.27. 100215470
SOMRSS tn Gema  R1/192.27.100.216552

* Fle192.27.100.2 16554

Hinh 2.3: Giao dién phan mém Ravis
Module Connect gém c6 hai thanh phan:
- Connection Manager cho phép tai va quan ly cong két ndi dén céc hé thdng
radar khac nhau nham tir mot chd két ndi dén nhiéu dai radar trong ciing mang luéi.
- Control Manager c6 thé duogc sir dung dé truy cap thdng tin ¢ san vé hé
thdng radar vira két ndi. Nguoi dung ciing c6 thé sir dung cdng cu nay dé chia dong
thuc hién diéu khién toan bo hé thong radar
System Visualization md phong trang thai hién tai cua hé thong va cung cap
cac lya chon dé diéu khién (bat/tit) cac thanh phan cua hé théng radar. System

Visualization con thé hién trang thai cac duong két ndi cua céc thanh phan hé thong:
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Hinh 2.4: System Visualiztion
2.2.2. Phan mém Rainbow

B6 tng dung Rainbow 1a bo phan mém khi twong linh hoat dé quan ly mot
hozc nhiéu radar thoi tiét tir xa qua mang, xir Iy san pham khi tuwong, phan phéi di

lieu va hd tro hién thi dit liéu qua web.
B6 tng dung Rainbow c0 05 chirc nang chinh:
- Quan tri, giam sat radar.
- Xtr ly dir liéu khi tuong.
- Hién thi va phan tich dix liéu.

- Hb trg phan phdi va hién thi dix liéu qua web.
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- Quan ly dit liéu va giao dién dén céc hé théng khéc.

Bo phan mém Rainbow duoc cai dit trén ca may chu va cdc may tram trong
mang. RCC la Rainbow Control Center, 1a ung dung khéi dong chinh cua b phan
mém Rainbow. T4t ca c4c ung dung khac trong bé phan mém Rainbow déu duoc
khoi d@ong sur dung RCC.

4 Rainbow Control Center - O X

File View Tools Help

chwe 9

LOG DART RM  VIEW ScoutATC HAN Radar

Hinh 2.5: Rainbow Control Center



29

‘-\i Rainbow DART - PPI (V), 06:14:14, 14-Apr-2023, Noi Bai Radar : 100% - ] X
File Edit Sensors Windows Help
: rA
PR M E G H S WATH
4| sensor : Noi Bai Radar
View Products
Online Info  Layer  Navigate
0 PPI (V)
Range: 15km 06:14 [ 14-Apr-2023
e Noi Bai Radar
v 30.0mfs
PPLET
CE v 25.0mfs
15km_3deg.ppi » 22.0mfs
v 1B.0mfs
14.0mfs
ROSHEAR v 10.0mfs
Range: 10 km
HAN roshear v 6.0mfs
v 20mfs
v -20mfs
WRN » 6.0mfs
Range: 98 km WRN v-10.0mfs
LLWAS_final_AZ5 Lomk
— ; ) . . »-14.0mfs
E— : T - sonk
) . v-22.0mfs
Range: 98 km WRN C »-26.0mfs
LLwAS_final_val_| . Lt v-30.0mfs
S ED
2023041406141400V. ppitmb Pf File: 15km_3deq.ppi
Clutter Filter: DFT &

Time sampling: 35
PRF: 2000 Hz / 1500 Hz
Range: 15km

Resolution: 0,050 km)/pixel
Elevation: 3.0 deg

Data: Radar Data

Peak: 20.9mfs

Rainbow® LEONARDO Germany GmbH

[Data Value: No Data] [Lon-Lat: 105.926° E; 21.272° N] [Dist from Center: 13.5 km] [Angle: 68.3%] [Ground Height: O m] [Beam Height MSL: 0.7 km]

Hinh 2.6: Rainbow DART

w Rainbow RM - connected to: Noi Bai Radar - 0O X

*ZAQ

File Options Tools Window

‘Connecﬁon:‘ONoiBaiRada’ -

OOA%’@I 0-UJ-3J1

Hinh 2.7: Rainbow RM
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- RainbowLOG 1a phan mém cho phép theo ddi cac thdng bao vé trang thai
cua dai radar dugc két ndi. Cac thong bao duoc phan chia thanh céc loai: Théng

bao, canh bao, 15i.

# Rainbow LOG - connected to: Meteod

Q114081 10:01 | RariFG
) 20100817 11:04:15 RanCONN BitE
8 0110817 11:04:15 RanCOM Current Rady Status

) 20110817 11:04:11 RarkPG Job resumed for Tash: GDA_PGTest.ash SdF: GDA 125 2WWovdl
0 20100817 11:04:06 RanksG Job resumed for Tah: GOA_PNGTest task S41: GDA 125 2W.vdl
) 20010817 110400 RarRPG Xob created for Task: GDA PGTest task S GDA 125 DWW il
) 20110817 11:00:01 RarRPG Job created for Task: GDA PAGTest tagk SF; GDA 250 2.vel

| <

Sensor:  GOA

Category: Operatorsl
Date: M7 Aug 11:10:01 2011

Job created for Task: COA_NCTest task
Bdt: GOA_250_2.wel
Vol: 2001081711100000402, vol

ex
=3

Mo essage e Y JHE

Hinh 2.8: RainbowLOG
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2.3. Pic diém va cac yéu té anh hwéng dén chit lweng dir liéu khi twong
2.3.1. Péc diém cia dir ligu Radar thei tiét

- B¢ phan giai cua Radar quyét dinh kha nang nhan biét va theo dbi cac

hién tuong thoi tiét nho va di chuyén nhanh.

- Tan s va cdng suat phat Radar: cac thong s nay anh huong dén kha
nang phat hién va thu nhan tin hiéu tir cac vat thé trong khong gian nhu mura,

tuyét hoic bio, ...

- GOC quét va pham vi quét: GAc quét va pham vi quét cung cap thdng

tin vé dién tich dugc quét va do rong cua ving phat hién.

2.3.2. Yéu té dnh hwéng dén chit lweng di ligu Radar

- Nhiéu va nhiém tir: nhiéu radar bao gom nhiéu tir cdc ngudén nhu may phat
s6ng VHF, va nhidm tir sy phan xa cua tia radar tir cac dbi twong khdng phai 12 hién
tuong thoi tiét, ca hai déu cd thé 1am anh hudong dén chat luong dit liéu.

- Hiéu chinh va bao tri: Radar can dwogc hiéu chinh va bao tri thuong xuyén
dé dam bao rang n6 hoat dong chinh xac va dwa ra dit liéu chinh xac.

- Viéc lua chon vi tri quy hoach tram radar thoi tiét c6 vai tro rat quan
trong dé dat duoc két qua téi uu ddi vai thdng sé ky thuat cua radar su dung.
Tam phu hoat dong cua radar thoi tiét khong chi bi gisi han boi thong sé ky
thuat cua thiét bi, ma con phu thudc vao do cong cua trai dat, hiéu ang khuc
Xa cua song dién tir trong moi truong khi quyén, va dac biét 1a su che chén
tam nhin thang boi cac chudng ngai vat nhu dinh hinh, cac tda nha va cay cdi.
Viéc giai thich chinh xac vé tac dong cua cac hién tuong nay 1a diéu can thiét
cho vi tri va hoat dong cua radar thoi tiét va cho viéc 1am sang to cac dit liéu

va san pham cua radar.
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2.4. Két luan chwong 11

Chung ta da xem xét cac khia canh chinh cia cong nghé radar thoi tiét
METEOR 60DX, bao gom ciu tric va cac thanh phan chinh cua hé théng, cing nhu
phan mém Ravis dugc sir dung dé xu Iy va quan ly dix liéu radar. Ngoai ra cung cap
phan mém Rainbow nham khai thac hiéu qua dir liéu radar thu thap duoc tir d6 tao

ra san pham phi hop cho cong tac khi tuong hang khong.

Cong nghé radar METEOR 60DX, véi hé théng phat va thu tin hiéu hai phan
cuc, khép quay hai kénh, may phat va thu tién tién, cung cap mot nén tang manh mé
dé thu thap va phan tich dit liéu khi twong. Hé sb sai biét phan xa Zgr va phan mém
Ravis ting cudng kha ning cua radar trong viéc cung cap dit liéu chinh xéc va chi
tiét, tir d6 hd tro dic luc trong viéc quan sat va du béo thoi tiét.

Qua chuong II cho ta biét vé wu diém cua Radar Meteor 60DX phil hop V6i
diéu kién khai thac str dung tai san bay No6i Bai ciing nhu tai Viét Nam dé tir d6 dua

ra budc trién khai vao thuc té tai chuvong sau.
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CHUONG |1l - TRIEN KHAI RADAR THOI TIET METEOR
60DX CHO CUNG CAP DICH VU KHIi TUQNG HANG
KHONG DAN DUNG TAI SAN BAY NOI BAI

3.1. Cac dic diém khi trién khai hé théng
3.1.1. Khi hgu

San bay Nbi Bai 1a mot san bay trong diém cua khu vuc phia bac dic biét 1a
tha d6 Ha Noi c6 khi hau nhiét doi gié mua, chia 1am hai mua rd rét: mia hé am va

néng, mua déng kho va lanh. Duédi day 1a chi tiét vé ting mia:

- Mua He (tir thang 5 dén thang 9): Mia hé & Ha Noi thuong ndng va am, voi
nhiét d6 trung binh tir 28°C dén 35°C. Thoi gian nay ciing ching Kién lugng mua

I6n nhat trong nam, dic biét 1a do anh huéng cua cac con bio.

- Mua Pong (tir thang 11 dén thang 3): Mua dong & Ha Noi lanh hon nhiéu
so véi céc vung khéac ¢ Viét Nam, voi nhiét do trung binh tir 10°C dén 20°C. Thoi

tiét thuong kho va co swong mui, d6i khi nhiét d6 cd thé giam xudng dudgi 10°C.

- Mua Xuén (tir thang 2 dén thang 4) va Mua Thu (tir thang 10 dén cudi
thang 11): Ca hai mua nay déu c6 thoi tiét n hoa, d& chiu, véi nhiét do trung binh

la 20°C-25°C. Pay la thoi gian 1y tuong dé tham quan va trai nghiém Ha Noi.

Ngoai ra, do anh huong cua bién d6i khi hau, mau thoi tiét & Ha Noi c6 thé

thay d6i, v4i cac hién tuong thoi tiét cuc doan xuat hién nhiéu hon.
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3.1.2. Vi tri lap dat

Vi tri lap dat: chon vi tri nam & phia Bic hai duong cét ha canh trong khu
bay cang hang khong quéc té Noi Bai ¢d nhimng wu diém:

- Hoat dong cua Radar thoi tiét khong bi anh huong bai vat can xung quanh,
dam bao do cao so véi cac cdng trinh khac. Toan bo khu vuc 02 dudng CHC nam
ngoai viing mu cia Radar. Vi tri thich hop cho quan trac khi tuong.

- Pam bao cu ly an toan yéu cau ddi voi ngudi lao dong hoat dong tai cac
cong trinh xung quanh (nhu dai KSKL, nha ga hanh khéach, nha ga hang hda, ...) do
phat xa song dién tur truong.

- Tiét kiém chi phi dau tu dudng giao thong, cip dién, xay dung co ban va
thiét bi truyén dan tin hiéu.

- Thuan tién cong tac sira chira cac su cd lién quan dudng truyén dan nhu
thiét bi tai dai radar va an ninh.

- Pam bao cac yéu cau vé moi trudng theo cac quy dinh hién hanh ciia phéap

luat.

Hinh 3.1: Vi tri Radar thoi tiét
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3.2. M6 hinh trién khai Radar thoi tiét METEOR 60DX tai san bay Ngi
Bai
Trién khai lap dat thiét bj tai dai radar thoi tiét bao gom céc thanh phan: He

thng ang ten, bo diéu khién ang ten, bd phat, bo thu twong tu, bo thu sé, bo xu ly
tin hiéu, bo xur 1y diéu khién radar.

Hé thong
ang ten
TX Pulse . :
(@ :' Bo phat
‘ -——. Klystron: RF Drive RF Pulse Sample
\"f ”~ -\ —
"""""" TX+RX @I/ RXSignal | Bé thu twong tw
Motor Signals
Angle Tags, BITE TX+RX
IF Signals
- B6 thu sé
Bo diéu khién (GDRX® 5)
ang ten
1Q Data l
Bo xw ly tin hiéu | |||
(GDRX®-SP)
i Control
Angle Setup
Tags BITE
Control » > - .2 b
Synchro EL AZ BQ X_U’ Iy dieu
khién ra da

(RACON) .

Hinh 3.2: so' d0 khoi radar thai tiét
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Trién khai thiét bi st dung phan mém Ravis tai may bao dudng tai dai dé
giam sét hé thong cling nhu tinh chinh cac tham sé hoat dong cua radar cho phd hop
Vv6i diéu Kién khai thac ciing nhu theo nhu cau sir dung cua nhan vién khi tugng

théng qua mot sé chirc ning:

- Build-in-Test Equipment (BiTE) cho biét cac trang thai xu ly cia hé théng
radar trong cac ctra s6 thdng béo. Céc biéu twong mau duoc sir dung dé phan loai
cac thong bao. Mdi théng béo bao gém ngudn, dir liéu va thoi gian, ciing nhu thong

tin tom tat lién quan. Mo ta chi tiét hon cua trang thai xir 1y ciing s& duoc hién thi

 LL® & E

File Edit Options Help
e Ha B
Message FIer actual BITE | BITE Review |

® v Eror | _Radar | Date 1 Message | |
58pcd  26.01.0509:43:22 Executer: system setup for received sca... EI/
€ v Warning @58pcd  26.01.0509:43:21 Executer: no scan running -executerisr... 1
S8pcd  26.01.0509:43:21 Executer: scan finished :
@ v info 58pc4  26.01.0509:42:41 Executer: scanis running
580c4  26,01.0509:42:41 Executer : system setup for recefved sca,.. | ¥
Extended Message

Executer : system setup for received scan order is running

Hinh 3.3: Build-in-Test Equipment
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- Antenna Control duoc str dung dé diéu khién angten cta radar. C6 thé diéu

khién géc phuong vi va géc ngang bang cach nhap céc gia tri danh dinh va diéu

khién angten sir dung cac phim mi tén.

H
Azimuth [°] \? ~Servo Control
actual: ACU servo e
nominak AZ amplifier warning @
EL amplifier warning @
P 1 ACU EL lower limit switch @
actuak ACU EL upper limit switch @
nominal: EL return mode e
Azimuth Velocity [°/s] Elevation Velocity [*/s]
actual nominal actual nominal
max max max max
30 30 15 15
20 20 10 10
10 10 5 5
>0 0 DE 0
10 A0 5 5
20 20 10 A0
30 30 15 A5
min min min min
S 7 S || T
\ 7

Hinh 3.4: Antenna Control
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- Scan Worksheet ding dé thiét lap radar bang cach diéu chinh cac tham sb
quét duoc str dung dé thu thap dix liéu. Hé thdng s& kiém tra cac thdng s6 nhap vao
dé dam bao d¢ tin cay. CAc loai dix liéu duoc chia thanh cac muc Moment Data, 1Q
Data va TX Data.

B stat scan | snow Scan Pagameters

Polatization Processing Transmitter
poartzation: Hisinglepoh v domain: fequency v Thcomection both v
Datatypes Clutter Filter PRE: 10000
‘momen data: v type of chutter fer; m»w | mat il M
bz : e oy . Stogger mode: standard v
Jridon brwadening factor: 3| | S re: e M
bypass mode: - ~ dual PRF V unfolding corr.:  Joe and May v
Artonss - dual PRF Z corr, threshold: 2. ¢B v
anglesycivo: - azimuth n ~ Phase Coding
‘ ot v
‘mm sof: 00 Pa——
L4 10 v
AZ scan step [} oty @—j
| iald neighbours: |3 w | (Trip Recovery
‘ v newghbous: ‘. v  fecoVery mode: v
Range number of trips: 2 v
range coection v — o6 l 28 notch filter: 05
‘start 10 v oo ‘ o7y DT vindow: Sy M
stop (km}: 100 L SQit: { 049 CCOR thyeshold: 30
‘ S SOl threshold: 04
| VAo N Y spplythresholdrosult tomoment calculation:  power ratio threshold: 28

o WW%L

CcZ L v | v L

y L LU v N W]

W { v

Hinh 3.5: Scan Worksheet
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Xay dung so do nguyén ly truyén dan hé théng radar, thiét lap duong truyén
quang va LAN tir dai radar thoi tiét toi cac may tinh tram tai cac vj tri: trung tam
khi trong hang khéng Noi Bai, trung tam tiép can tai san Noi Bai, phong khi tuong

cang hang khong san bay Noi Bai.

MET T2: PHONG
TRAM RADAR THO1 TIET _____g_l;r_c_'g__wy____j
— 2 -]
MAI THAP RADAR RARDAR ! SHEARSCOURT DISPLAY |
CLIENT (HIENTH]) |

e [
TANGT CABINET RARBOW SERVER TANGS RJL@

RAINBOW USER WORESTATION S SERVER
(BIEL KHIEN) I
SHEARSCOURT DISPLAY CLIENT F]B%:::'pnc AL I
1EN TH] LS
(1 0 SWITCH CONVERTER
=

RE45

' i — I
E| - S
“-Q 32F0

RAVIS MAINTENANCE T
(BAD TRI) ‘ 3F0
I | L&F :
I
T — o
DAL CHI HUY MET ACC: PHONG NGHIEP VU
| SHEARSCOURTDISPLAY - ) ) - TABOW USER WORRSTATION |
CLIENT (HIEN THI) SHEARSCOURT DISPLAY {BHEU KHIEN) H
CLIENT (HIEN THI) SHEARSCOURT DISPLAY CLENT |
i ! {HIEN THI)
|
ITH
@ : i
| [T
[[130]
(1% Rl-43 - — E1.35 :
FIRER QPTILAL I | IIEI.H.1.IPTH. AL IIIIEI:R: L.JP"I.'IL'..\L i
1 - CONYERTER CONVERTER
CONVERTER IFi IFO
]
2FD | :
|
J4F | ODOF |
16F0) 31IFQ H
L ] L J

Hinh 3.6: So' d6 nguyén ly truyén din hé thong Radar thai tiét Ngi Bai
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Thiét 1ap phan mém Rainbow tai cac may tram tai c4c vi tri:
- Két néi d¢én Radar qua Rainbow RM, tai Configuration Box, chon Product
dé thiét 1ap cac thdng sb cho san pham anh radar thoi tiét (nhu théng sé khoang

cach quét, do phan giai anh, do cao quét, loai anh, ...).

i Rainbow RM - connected to: Mai Bai Radar - 0O X
File Options Tools  Window

Connection: ) Noi Bai Radar v & ﬂ A @

Configuration Box 2 boF: 100k capp E@
Preprocessing {
Product v Constant Altitude PP Urit: | ST v
v CAPPI A
new Image
100km Range: km
100k Thom S |S00 | P
120km_2km
3ka_1 km Helght
30km_km_ori
S0km_S00px = =
.
Pk Algorithm
75km_km
Huy_100km- Tk y () caprl (@) Pseudo CAPPI
Conversion 4
ean 4 Cancel Default Save Save As ..,
Task 4
Scheduler q

AP®| L 115G

Hinh 3.7: Rainbow RM

- Hién thi va phan tich dit liéu s dung chirc ning Rainbow DART dé cung
cap giao dién d6 hoa ngudi ding cho céng viéc hing ngay bao gém: hién thi san
pham thu thap duoc, tao anh, thu phéng anh, chon mau sic, ... Bong thoi cho phép

chuyén d6i anh sang dinh dang d6 hoa, xt Iy dit liéu va luu trir san pham thu dugc.
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L’é Rainbow DART - PPI (V], 06:14:14, 14-Apr-2023, Moi Bai Radar : 100% - ] x
File Edit Sensors Windows Help
P A N @B A WATE O e

Zg Sensor : Noi Bai Radar
View Products

Online Info Llayer  Navigate

oy PPL (V)
Range: 15kn 06:14 / 14-Apr-2023
o e o Noi Bai Radar
v 30.0mfs
ﬂ;{- 15km v 26.0mfs
15km_3deg.ppi v 22.0mfs
v 18.0mfs
v 14.0mfs
ROSHEAR v 10.0mfs
Range: 10 km
HAN.roshear L
v 2.0mfs
v -20mfs
WRN v B.0mfs
Range: 98 km WRN +-10.0 mfs
LLWAS_final_AZS 140mp
e r-12.0mfs
0 +-18.0mfs
. U v-22.0mfs
WRN o e
Range: 98 km WRN ° o . p b v-26.0mfs
LLwAS_final_val | »-30.0mfs
IO

Pdf File: 15km_3deg.ppi

Clutter Filter: DFT 6

Time sampling: 35

PRF: 2000 Hz / 1500 Hz
Range: 15km

Resolution: 0,050 km/pixel
Elevation: 3.0 deg

Data: Radar Data

Peak: 20.9mfs

Rainbow® LEGNARDO Germany GmbH

2023041406141400V.ppitmb

[Data Value: No Data] [Lon-Lat: 103.926° E; 21.272° N] [Dist from Center: 13.5 km] [Angle: 68.3%] [Ground Height: 0 m] [Beam Height MSL: 0.7 km]

Hinh 3.8: Rainbow DART

3.3. Panh gia thuc té hé théng sau khi trién khai

Sau khi trién khai hé théng radar thoi tiét METEOR 60DX tai san bay Noi
Bai, c4c bo chwong trinh phan mém quan trong nhu Ravis va Rainbow da dugc sir
dung dé giam sat va diéu khién hiéu qua cac ché do l1am viéc cua dai radar, xir Iy va
truy xuat két qua quan tric, ciing nhu hién thi cac di liéu thong tin khi twong cho
cac thiét bi dau cudi co do chinh xac va tic thoi phuc vu cong tac diéu hanh hoat

dong bay tai khu vyc tiép can san bay Noi Bai an toan hiéu qua.
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Man hinh hién thi quan sat tai vi tri cia kiém soat vién khong luu va du bao
vién khi tuong gidm sét hién tuong thai tiét theo thoi gian thuc nham kip thoi phat
hién céc hién thoi tiét dot ngot ciing nhu du bao duoc hudéng di chuyén cua cac hién
tugng thoi tiét nham dua ra phwong an ké hoach bay phd hop diéu tiét hoat dong

cac chuyén bay di va dén tai san bay Noi Bai:

Composite 02:15:00

Hinh 3.9: ScoutATC
Ngoai ra dya trén dit liéu thu thap duoc tir dai radar thoi tiét, du bao vién khi

tuong thong qua phan mém Ravis s& lra chon cé4c chic ning tir d6 tao ra mot sé san
pham anh radar thoi tiét phuc vu cong tac theo ddi dy bao ciing nhu luu trit nham
phan tich hién tuong thoi tiét.

Tur viéc khai thac st dung dai radar thoi tiét, ching ta sé dat théng so tur
kiéu quét tim quét do cao quét dé tir d6 tao ra mot s6 san pham anh radar thoi
tiét gitp cho viéc phan tinh danh gia du b&o cac hién tuong thoi tiét trong khu

vuc tiép can san bay Noi Bai.
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Mot s6 san pham:

- Anh CAPPI La mat cat ngang duoc ngudi sir dung tinh toan. San pham
nhan duogc tir dir li¢u thd thong qua mot phép noi suy. Dir liu tir cac goc nang va
cac hudng duoc st dung déudc tinh lugng mua, van téc hoic chiéu rong phod
trén mat cit ngang. Anh CAPPI thé hién ddi tuong thoi tiét ¢ d6 cao khong doi
trong 16p khi quyén. Tuy bi han ché vé pham vi quét, san pham rat hitu ich khi loai
bo dwoc nhidu bai cac vét doi tap thu duoc ¢ khoang cach gan.

Ifo  Layer  Navigate
CAPPI (dBZ)

00:40 / 16-Apr-2022
Nol Bai Radar

Hinh 3.10: Anh CAPPI

- Anh MAX thyc hién quét khdi theo hé toa do cuc, sau d6 chuyén sang hé
toa do Pé-Céc, tao ra hinh dung ba chiéu vé tinh trang thoi tiét gom 3 thanh phan :
thanh phan tht nhit thé hién gia tri do duoc 16n nhat ddi voi tirng cot doc theo

hudng Z nhin tir phia trén caa khéi theo hé toa d6 BE-Cac; thanh phan tha hai ghép
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vao phia trén thanh phan thir nhat, thé hién gia tri do duoc 16n nhat déi véi dong
ngang nhin tir bac vé nam; thanh phan thtr ba ghép vao phia bén phai thanh phan
thi nhat, thé hién gia tri do dugc I6n nhét ddi véi dong ngang nhin tir dong sang

tay.

b L 16.0km MAX (dBZ)
05:30 / 07-Oct-2022
Noi Bai Radar

+75.0 dBZ

»70.0 dBZ

+65,0 dBZ

»60.0 dBZ

+55.0 dBZ

»50.0 dBZ

+45,0 dBZ

»40.0 dBZ

»35.0 dBZ

»30.0 dBZ

»25.0 d8Z

+20.0 dBZ

»15.0 dBZ
»10.0 dBZ
» 5.0dBZ
Pdf File: 100km_large.max
Clutter Filter: DFT 6
Time sampling: Variable
PRF: 2000 Hz / 1500 Hz
Range: 100 km
Height: 1,000 km to

16.000 km
Hor Res: 0.222 km/pixel
VertRes: 0,150 km/pixel

Data: Radar Data
Peak: 60.5dBZ
Rainbow ® LEONARDO Germany GmbH

Hinh 3.11: Anh Max
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- Anh CMAX tuong ty anh MAX nhung khong ¢ anh thanh phan & trén va
bén phai. Anh CMAX dugc dung dé giam séat ving mua ddi luu dé nhan biét may
déng nguy hiém hay mai hinh thanh, may déng c6 cuong d6 phan hoi vo tuyén cao,
hep va dugc hién thi thanh nhitng ving c6 phan hdi vo tuyén mua ddi luu manh trén

mét tang day.

CMAX (dBZ)
13:55 / 13-Jun-2022
MNoi Bai Radar

» 75.0 dBZ
» 70.0 dBZ
»55.0 dBZ
» 50.0 dBZ
» 55.0 dBZ
» 50.0 dBZ
» 45,0 dBZ
» 40.0 dBZ
» 35.0 dBZ
» 30.0 dBZ
» 25.0 dBZ
» 20.0 dBZ
» 15.0 dBZ
» 10,0 dBZ
» 5.0dBZ

Pdf File: 60km. crmax
Clutter Filter: DFT 6

Time sampling: Variable

PRF: 2000 Hz f 1500 Hz

Range: &0 km

Height: 1.000 km to
14,000 km

Hor Res: 0. 240 km/pixel

Data: Radar Data

Peak: 562.0 dBZ

Rainbow @& LEOMARDO Germany GmbH

I | Layer | Navigate
CMAX (dBZ)

22:25 [ 15-Apr-2022
Nol Bal Radar

Fie:
Coutter Fites: DFT6.
Variable
: 2000 Hz / 1500 Mz
: 6Ckm
Heght: 1000 kom 10
34,000 kam
HorRes: 0290
tar
s 615
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Dir liéu vé hién tuong thoi tiét trong ban kinh 100km tir dai radar thoi tiét
theo thoi gian that duoc cap nhat lién tuc giup cho Kiém soat vién khong luu cé thé
nhan biét phat hién cac hién tuong thoi tiét xiu nhanh chong tir d6 1én phwong an
diéu hanh céc chuyén bay dén va di san bay Noi Bai duoc hiéu qua giam thiéu thoi
gian bay cho ting cuong ning luc khai thac cua san bay va muc tiéu cao nhat 12 su
an toan cho céc chuyén bay.

Ngoai ra dua vao nhitng dit liéu thu duoc cua Radar thoi tiét METEOR
60DX tao ra nhiéu loai san pham anh radar thai tiét phuc vu viéc luu trit phan tich
hién twong thoi tiét theo thoi gian trong ngay theo thdi diém trong nam tir d6 phuc
vu cho bai toan thong ké céc thoi diém xay ra thoi tiét xau hd tro cho cac hang bay
1&n lich bay pht hop han ché viéc bi anh huong bai thoi tiét khong tot.

3.4. Két luan chwong 111

Sau qué trinh trién khai va dénh gi4, toi da rat ra nhitng két luan quan trong

sau day ve viéc trien khai radar thoi tiet Meteor 60D X tai san bay No6i Bai:

Vi tri ldp dat phd hop dé dat duoc tdi wu cac tinh nang, hiéu qua thiét bi
Radar thoi tiét duoc thiét 1ap.

M6 hinh trién khai hop ly: M6 hinh trién khai radar thoi tiét Meteor 60DX tai
san bay Noi Bai da duoc thiét ké sao cho phan anh dwoc yéu cau va diéu kién cu thé
clia san bay. Piéu nay gilp t6i uu hoa viéc thu thap va xir ly dit liéu thoi tiét, tir d6
cung cap théng tin chinh xac va kip thoi cho dich vu khi tuong hang khong dan
dung.

Panh gia thyuc té: Hé théng da duoc danh gia trong diéu kién thuc té sau khi
trién khai. Két qua cho thiy hé thong dap tmg dwoc yéu cau va mang lai loi ich
trong viéc cung cap dich vu khi twong hang khéng dan dung tai san bay Noi Bai.
Pong gop cho sy phét trién cua nganh hang khong: Viéc trién khai radar thoi tiét
Meteor 60DX khéng chi cung cap dich vu an toan hang khéng ma con gép phan vao
su phét trién va nang cao chét luong san pham khi twong phuc vu nganh hang khéng
dan dung tai san bay Noi Bai. Viéc trién khai radar thoi tiét Meteor 60DX tai san
bay No6i Bai di mang lai nhitng két qua tich cuc va dang gia, gbp phan vao viéc
cung cap dich vy an toan va chat lugng cho nganh hang khong dan dung tai Viét
Nam.
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KET LUAN VA KIEN NGHI

Noi dung Dé &n da nghién cau nhitng van dé co ban trong hé théng Radar
thoi tiét METEOR 60DX. Tién hanh trién khai hé thong radar thoi tiét vao thuc té

dua ra danh gia.

Két qua du kién s& 1 toan bo khu vuc tiép can tai san bay Noi Bai s& duoc
gidm sat va cung cap sb liéu dit liéu thoi tiét tac thoi cho kiém soat vién khong luu
va cac don vi lién quan gop phan dam bao cong tac diéu hanh bay an toan, diéu hoa,
hiéu qua.

Huéng phaét trién cia dé &n: tiép theo phuong an cai tién ldp cac tram radar
thoi tiét tai sin bay trong nudc tao thanh mot mang ludi radar thoi tiét caa nganh
hang khong. Mang ludi hé théng radar thoi tiét cd thé két hop voi nhau tao nén su
théng nhat chung trong cong tac giam sat thoi tiét ciing nhu cung cap dich vy khi

tugng sat hang khdng dan dung trén toan khu vuc.

Do mét vai nguyén nhan khach quan va chi quan, d& an con dé lai
nhiéu thiéu s6t va mtrc do chuyén sau con han ché. Téi rit mong nhan duoc nhiing

y kién quy bau cta qui thay co cling cé4c ban.
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