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1. Mé& dau

Trong céng cudc tién hanh thim do vil tru tur
mat dét, hé théng céac tram quan tric dién ly tham
do thiang dimg (lonosonde) dd dugc thiét lap tir
nhung nam 1960 va khong ngung duoc mé rdng.
Dén nay ky thuat quan tric nay van con la mot
trong nhitng phuong phap tin cay trong nghién ciru
dién ly. V¢ tinh FORMOSAT-3/COSMIC (F3/C)
dugc phong thanh cong vao thang 4 nam 2006, cac
dir li€u thu nhan sau d6 nhanh chéng dugc phan
tich va tién hanh trong cac nghién ctru nhidu mat
vé khi hau, khi trong va ting dién ly. V6i su bao
phi cac dit liéu day dic, F3/C c6 nhidu wu thé vé
nghién ctru cac bién dbi dién ly toan cau.

Muc tiéu cta nghién ctru nay la so sanh dir li¢u
clia hai tham sb dién ly trén tuyén mat do 16p F
(mat @6 dién ly cuc dai, NmF2 va dd cao tai mat do
cuc dai, hmF2) ctua hai phuong phap k¥ thuét vo
tuyén theo cac vung vy d¢ khac nhau. Pay la hai
tham s quan trong trong viéc umg dung truyén
song vo tuyén tim xa tir cAc tram phat va thu trén
mat dat. Cac tinh toan dinh luong vé do sai léch
gitia ha1 phuong phép nay dugc thuc hién dé xac
dinh mbi fwong quan giita k¥ thuét tham do thing
dung da tdn tai lau doi voi ky thuat vé tinh hién dai
dang dugc stir dung trong nghién ctru khi quyén.

2. Co s6 dir liéu va phwong phap phan tich
2.1. Div liéu dién ly thim do thing dirng (Ionosonde)

Nguyén ly tham do dién ly thé’ipg dung la dung
song v tuyen cao tan HF (tr 1 dén 20MHz), phat
thang dung 1én tang di¢n ly va thu nhan tin hi¢u

phan xa lai khi gap cac tan s t6i han tuong tng.
Dt liéu quan tric bao gém do cao va tan sb toi han
cua cac lop dién ly E, F1, F2 tir khoang 90 dén
600km. Mat do dién tr thu nhan duoc tir thiét bi
thim do thiang ding nay chinh 1a mot ham s6 cua
tan s thay déi theo do cao [1].

Céc dir liéu tham do thing dung st dung trong
nghién ctru nay dugc cung cap boi Trung tim du
bao khi hau khong gian (SWPC), NOAA
http://www.swpc.noaa.gov/ftpdir/lists/. Dit li€u cua
hon 60 tram dugc xir Iy mdi 15 phat tir dién ly dd
(hinh 1). Tir cac bang s6 liéu ta trich dugc tham sb
hmF2 va foF2.

Wi iri cic tram dién ly thim dé thing dimg duye s dung

o

1 o
Kinh 4 dia I

—Xich dao it —— Bohién * Tram diénly

Hinh 1. So' dd vi tri phan bd 61 tram tham do dién ly
dwogc str dung

Mat d6 dién t& cuc dai cua 16p F2 (NmF2)

duogc tinh toan tr cac gia tri do dac tan s6 téi han
foF2 theo moi quan h¢ sau:
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2.2. 86 li¢u vé tinh FORMOSAT-3/COSMIC (F3/C)

H¢ thong 6 v¢ tinh COSMIC bay trong quy dao
tam 500 dén 800km tinh tr mat dat véi gbc
nghiéng 72° va chu ky khoang 100 phut Dit liéu
thu nhan hau nhu bao phii toan ciu, c6 khoang
2500 tuyén mat d¢ dién tir mot ngay (hinh 2).
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Hinh 2. Tuyén mat do dién t& thu dwoc tiy thiét bi thu dat
trén F3/C

Nguyén ly tham do v¢ tinh F3/C dung trong
nghién cuu dién ly 1a su che khuét tin hiéu (Radio
Occultation-RO). Méi quan hé gitra chi s6 phan xa
ctia khi quyén n va mat do dién tir cua ting dién ly
dugc biéu thi thong qua cong thuc:

o, trong d6 f 1a tn s6 GPS (Hz);

ne 1a mat do dién tir (e/m’) [2, 3].

Dir liéu thu tir cac vé tinh d3 duoc tién xur ly
bdi trung tam luu trit va phan tich dir liéu COSMIC
(CDAAC) (http://cdaac-www.cosmic.ucar.edu/cdaac/)
dat tai Boulder Colorado, USA va cung cip dir
lidu cac tuyén mat do dién tir thing dung (Ne) dén
ngudi st dung. Tuy nhién, ¢6 nhiéu yéu t& anh
huéng dén do chinh xac ciia mat do dién tir thu
nhan duoc bao gdm céac bat 6n dinh ngiu nhién, do
dbc cia mat do plasma ting giam dot ngdt ton tai
trén duong tin hi¢u GPS, d¢ léch hé¢ théng, nhiéu,
vi tri 1éch cua v¢ tinh,... gdy ra mot s6 tuyén khong
chinh xac. Vi vdy trong qua trinh sir dung, mot s6
tiéu chuin nhim loai bo cac dit liéu Ne khong
chuin dugc dit ra nhu Do léch chuin (Mean
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Deviation, MD) ciia cac tuyén (MD < 1,5) va do
nghiéng topside cua tuyén dién tir <0. Dit liéu F3/C
thu thdp tor CDAAC dugc chon trong thoi gian tir
yén tinh (Kp<3).

Do léch chuin (MD) 4p dung cho tuyén mat do
dién tir dugc tinh bang cong thuc:

MD = ZLN :T”

Trong do, N 1a tong cac diém trén tuyen va ng,

n . la mat do dién tir do dac va mat do nén tai vi

el

tri thr i trén tuyén mat do dién tir.

MD danh gia tac dong cta cac bat on dién ly
trong céc thay ddi dd cao ctia mat do dién ly. Dya
vao céc phuong phap tinh toan théng ké MD dugc
chon theo thang do tir 0 dén 1,5 [4, 5].

2.3. Phwong phap phdn tich dir li¢u

Trong nghién cttu nay, 3 nam dit liéu thu nhan
tir F3/C (thang 7 nim 2006 dén thang 7 ndm 2009)
va mang lué6i Ionosonde toan ciu duoc xtr 1y va so
sanh. Pham vi chénh léch khi so sanh hai dir liéu vé
khoang cach 1a 1° (110km) va thoi gian la 30 phat.
Céc s6 liéu vé tinh va thim do mit dat duoc chon
loc chuan hoa dit lidu dé so sanh.

Trong céc so sanh toan cﬁu, 4 khu vuc duoc
chia ra trong vy d¢ tir nhu sau: vung xich dao tur
(+10°), ving vy do thdp va dinh di thuong (+10°
dén +30°), ving v§ do trung binh (£30° dén +50°)
va ving v§ do cao (£50° dén +90°).

Do léch trung binh gitta F3/C va Ionosonde

dugc tinh theo cong thirc; Ag— _C><100%-

Trong do, I va C 1a mat d¢ dién tir dinh hodc do
cao cua mat do dién tr cuc dai lan luot cua
Tonosonde va vé tinh F3/C.

Céc thong s6 tinh mirc d6 phu hop gitra cac dir
liéu trong cac biéu d6 phan tan nhu sau:

- Do nghiéng k cta duong hdi quy tuyén tinh
dugc l4y tir hé sb k ctua duong thing tuyén tinh dir
lidu y = kx + b. Tham s nay cho thay dit liéu cang
phi hop khi gi4 tri k gin voi gia tri +1.

- Hé s6 tuong quan R (Correlation
Coefficient): tinh muc d§ twong quan cua hai tham
s6 dir liéu F3/C va Ionosonde, do twong quan cia
hai dit liéu cang cao khi gia tri R cang gan 1.
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tri thir i cua F3/C va Ionosonde.

R =

- Gia tri can quan phuong: Root Mean Square

; trong d6 X;=Cy; — (k *

I, tb) voi k, b 1a cac hé ) trong dudng y=k*x +b.
C,i va I; 1a gié tri thar i cia F3/C va lonosonde.

3. Mot vai két qua so sanh
3.1. Xu thé chung ciia gid tri NmF2

Giad tri NmF2 trung binh theo cac thang thu
nhan tr F3/C va Ionosonde duogc biéu dién trén
hinh 3. Gia tri ANm duong (4m) twong ung véi gia
tri NmF2 thu nhén tir lonosonde 16n hon (nhé hon)
dir lidu tir F3/C. Tir két qua nay ta thiy rang thong
s6 NmF2 bién déi kha phu hop véi nhau va chénh
1&ch trong khoang 5%.
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Hinh 3. Bién di NmF2 trung binh t&r thang 7/2006 dén
7/2009 cha di¥ liéu F3/C va lonosonde

3.2. Két qua so saénh NmF2 theo tirng ving vy d

Cac dir li¢u trén dugc phan chia theo tung vung
vy d6 va biéu dién theo hinh 4. Trong d6, dudng
lién nét 1a s6 liéu thu nhan tir F3/C, duong dut nét
1a s6 lidu thu nhan tir dién ly dd thim do thing
ding. Tir biéu do ta nhan thiy sy phi hop dir lidu
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Hinh 4. So sanh NmF2 theo cac vung vy do

NmF2 gitta hai phuong phéap tham do nay. Tuy
nhién, mic d§ chénh l&ch thay ddi tuy thude vao
tung vung vy d9. Chung ta s€ xét sy khac biét nay
& cac phan tich tiép theo.

Ta phén chia tung vung vy do theo thoi gian
ban ngay va ban dém nhim tranh anh hudng ciia
cac khoang thoi gian Mat Troi moc va lan, thoi
gian ban ngay dugc tinh tir 7h00 sang dén 5h00
chiéu, thoi gian ban dém dugc tinh tir 8h00 tdi tGi

4h00 sang theo gio dia phuong (LT). Trong hinh 5,
6, dit liéu duoc biéu dién dudi dang biéu dd phan
tan. Hai dir liéu so sanh cang phu hop nhau khi d6
tap trung cta cac dit liéu ndm cang gin voi duong
thang y = 1 chinh giita hinh chit nhat.

Céc thong sé phan tich so sanh trén dugc tong

hop trong bang 1 va bang 2 cho thoi gian ban ngay
va ban dém.
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Hinh 6. Biéu dd phan tan di¥ liéu ctia cac ving theo thdi gian ban dém
Bang 1. Gia tri so sanh giira cac tham sé theo cac viing thoi gian ban ngay
V§ d6 cao V§ do trung binh V§ 36 thép Viing xich
Muc dao
(tlr £50° dén + 90°) (tr £30° dén £ 50°) (tv £10° dén = 30°) (£10°)
BC Bac BC Nam BC Bac BC Nam BC Bac BC Nam
a A > Y A
't‘ugg‘r?] ;’I‘;rﬁ)c”a duong hoi quy 0,83 0,40 0,70 0,87 0,88 0,83 0,98
R (Hé sé twong quan) 0,81 0,67 0,74 0,83 0,90 0,87 0,83
RMS (D4 l&ch can quan phuong) 0,05 0,06 0,08 0,09 0,14 0,16 0,12
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Béng 2. Gia tri so sanh gitva cac tham sé theo cac vimg vao thoi gian ban dém

Vy d6 cao V§ d6 trung binh V§ do thap Vung xich dao
Muc ] ] ] (10%)
(ttr £50° @én + 90°) (ttr £30° dén + 50°) (ttr £10° dén + 30°)
BC Béac BC Nam BC Béac BC Nam BC Béac BC Nam

k (D0 d6c cia dudng hoi quy 0,83 0,64 0,88 0,81 0,61 0,76 0,71
tuyén tinh) ’ ! ! ! ! ! !
R (Hé s6 twong quan) 0,84 0,52 0,87 0,70 0,62 0,83 0,85

0,04 0,08 0,04 0,06 0,08 0,10 0,08

RMS (B¢ léch can quan phwong)

O hinh 5, 6 va bang I va 2 ta luu ¥ rang cic vy
d6 tir am thudc ban cau Nam va vy do tir dwong
thudc ban ciu Béc. Céac chi s6 do dbc va hé sd
trong quan cua dudng tuyén tinh hdi quy cho ta
thdy rang gia tri NmF2 cua hai phuong phép do 1a
kha tuong xtng v6i nhau véi cac chi sb k>0,8.
Ngoai trir ving v§ d6 trung binh & ban cdu Béc co
thip hon (khoang 0,7), va vung vy do cao ban cau
Nam 1a kha thap (0,4 va 0,67). Nguyén do chi s6 k
thap trong ving vy do tir -50 dén -90 1 c6 mot vai
dir liéu do dac v6i mat do 16n thi gia tri NmF2
trong phuong phap tham do thing dtng cao hon
F3/C rat nhiéu [6].

RMS déc trung cho do 6n dinh cua dit lidu so
sanh. Két qua cho thay rang d¢ bt dinh 16n nhat &
ving gan dinh di thuong xich dao, ké dén 1a ving
xich dao va ving vy do trung binh. O ving vy do
cao thi cac dit liéu kha 6n dinh va tap trung nhét.
Mic khac ta thiy rang, gia tri RMS clia mdi ving &
Bic ban cau thi cao hon & Nam ban cau. Diéu nay
chung to dir liéu dién ly cuia hai phuong phap ¢ ban
cdu Bic twong dong hon ¢ ban ciu Nam.

Vao thoi gian ban dém thi dit li¢u & cac vung
c6 sy phan tan cao hon, vi vay sy sai 1éch s6 lidu
ciing 16n hon. Cac chi sb gié tri dién ly & mirc phu
hop trung binh >0,50. Vi nhitng viung mat do di¢n
tir thap thi F3/C thu nhan gia trj cao hon Ionosonde
va ngugc lai. Cac gia tri so sanh ban dém ciing cho
ta thy ring do 6n dinh ctia cac so sanh trong ban
cau Bic 16n hon ban cau Nam. Trén biéu d6 phan
tan ta cling nhan thy ring & mot sd ving, mot vai
gia tri NmF2 cua Ionosonde can dugc tham dinh
lai, nguyén do c6 thé do qua trinh xir 1y dit lidu &
céc tram tham do & mot s6 noi chua dong bo.

3.3. Két qud so sanh cho dj cao tai mét dg dién tiv
cuc dai, hmF?2

Cac gia tri d6 cao tai mat do dién tir cuc dai
hmF2 cta dit li¢u thu nhan tong hop trong 3 nam

dugc biéu dién trén hinh 7. Khung hinh phia trén
biéu din sy bién thién gi4 tri hmF2 trung binh theo
cac nam cua dir liéu F3/C va Ionosonde vdi truc x
biéu thi gia tri cia cac thang. Khung hinh bén dudi
biéu thi ph?m tram d¢ 1€ch trung binh cua do cao tai
vi tri mat d6 dién tir cuc dai thu nhan tur F3/C va
Tonosonde. Tir d6 ta thdy rang, gia tri hmF2 tinh tir
dién ly dd trung binh ludn cao hon gia tri tinh tir vé
tinh F3/C trong khoang tir 10 dén 50km twong ting
khoang 5% dén 20%. Do chénh léch nay co su
giam theo d giam cua chi sb hoat dong cuia mat
troi chu ky 23 tir nam 2006 dén 2009.
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Hinh 7. Bién thién hmF2 trung binh tir 7/2006 dén 7/2009
cla di¥ liéu F3/C va lonosonde

So sanh nay ciing dugc tién hanh theo vung vy
d6 khac nhau trong hinkh 8. Chiing ta thiy ring, gia
tri hmF2 thu nhan tir Ionosonde tai cac vung vy do
cao va trung binh cao hon hian F3/C. Tuy nhién,
trong vung xich dao va Vy do thap, xu huong nay
dudng nhu c6 sy thay dbi, hon nira cac két qua ve
hmF2 & céc vung nay co rat nhiéu han ché. Su
thiéu hut va chuan hoa dit liéu hmF2 tai cac tram
quan tric 1a mot van dé dat ra cho céac khu vyc vy
do thap nay.
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Hinh 8. So sanh hmF2 theo khu vuc gitra s6 liéu lonosonde va F3/C

4. Két luan

Tham s6 NmF2 thu nhan tr vé tinh F3/C va
dién ly tham do thidng dimg kha phu hop & cac
ving v¥ d6 voi mirc chénh léch khoang 5%. Didu
nay chung to rang ta ¢ thé str dung sd liéu tir hai
phuong phap nay dé thay thé bd sung cho nhau. O
mot $6 vung, mét vai gid tri NmF2 cua Ionosonde
can duoc thAm dinh lai, nguyén nhan c6 thé do qua
trinh xtr 1y dit liéu & cc tram thim do thing dimg
d mot s6 noi chua déng bd. Vao ban dém, gia tri
NmF2 thu nhan tr F3/C trong ving vy d6 cao
thuong thip hon thu nhan tir Tonosonde.

Trong cac so sanh ta thiy ring muc do chénh
1&ch dir liéu trong cac vung xich dao va vy do thép
thuong cao hon cc ving khac. C6 thé mot vai qua
trinh vat 1y phuc tap trong cac vung vy do nay tao
nén sy chénh léch 16n gitra hai phuong phap.

Két qua hmF2 thu nhén tir Ionosonde ludn cao
hon F3/C tir 5% dén 20%. Tir thyc nghiém ta thy
rang, do cao cua ving dién tir cuc dai do duogc tu
hai phuong phap 1a chwa phit hop ma cin thém vao
mdt hé sb bu trir cho cac tinh toan sau nay. O ving
vy d6 thap va vang xich dao c6 sy thiéu hut 16n gia
tri hmF2 tir lonosonde. Cac dit liéu quan tric tham
do thing dimg & cac khu vuc nay con nhiéu nghi
van va can duoc nghién ctru sdu va ti mi nhu cac
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vung vy do cao khac. Trong tuong lai gan, tac gia
mong mudn s& cung ¢o dir liéu va so sanh s ligu
F3/C nay véi s6 liéu dién ly thim do thing dimg &
mot vai tram quan tric tai vung xich dao tu
Viét Nam.
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SUMMARY
Global Comparisons of NmF2 anh hmF2 parameters between lonosondes and Formosat-3/COSMIC satellites

Formosat-3/COSMIC (F3/C) satellites were launched successfully in April 2006. The availability of F3/C GPS RO
then have available for many researches. In this study, 3-year data of F3/C and global ionosonde stations were
compared and analyzed. The F3/C electron density profiles were first preprocessed by data quality control schemes to
ensure the good data for further comparisons. The F2 layer parameters observed by ionosonde experiments were then
collected at the same time and collocated with the F3/C measurements to find out the differences between them.

This work primarily focuses on the latitudinal differences between those two techniques. In the global comparison,
four regions were separated including +10° (equatorial region); +10° to +30° (near EIA crest regions); +30° to +50° (mid
latitude regions); +50° to +90° (high latitude regions) in geomagnetic latitude degrees. Two parameters NmF2 and hmF2
of electron density profiles were compared and validated.

Our results showed that NmF2 retrieved by F3/C and lonosonde are in good agreement in general. The deviation
was about 5%. In some regions, the correlation between two techniques is low since some unusual data retreived from
lonosonde exist. On the other hand, the uncertainty of NmF2 in the southern hemisphere was better than the conjugate
regions in the northern hemisphere. As per as the hmF2 is concerned, the values determined from ionosonde were
higher than F3/C, especially in mid and high latitudes. The lack of hmF2 data in low-latitude and equatorial regions was a
problem in this comparision.
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