Nghién ciru
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Tom tit:

Tir ngay 27-11-2022, IGS dé chuyén sang sir dung khung tham chiéu méi ITRF2020 thay
cho khung tham chiéu cii ITRF2014 trong cdc san pham dinh vi chinh xdc cao (Precise Point
Positioning-PPP) ciia minh. Pé xem xét anh hwong ciia viéc thay déi khung tham chiéu vao
chudi toa dp PPP, chung toi da sw dung dir lieu GNSS trong nam 2022 cua 9 tram CORS phan
bé déu trén lanh thé Viét Nam. Dir liéu GNSS dwoc xir Iy PPP bang dich vu CSRS-PPP ciia
NRCan. Két qua phan tich trén cdc chudi toa do theo thoi gian cho thdy: thanh phan huwéng
Bdc va Péng cé s thay doi mét cach hé thong tie ngay 27-11-2022 va gid tri trung binh cia dd
léech la +3,9 va +2,9 mm rat gcin VvOi gia tri tinh toan tur 7 tham s0 chuyén doila +3,2 va +1,8
mm. Suw thay doi trén chudi dg cao xdy ra sém hon mdt bang khoang 14 ngay va c6 dé léch lén
dén -19,4 mm, hoan toan khdc véi két qua tinh todn la ~-0,3 mm.

Tuwr khoa: ITRF2014, ITRF2020, PPP, CORS, Viét Nam

1. Gi6i thiéu bat dau tir tuan 1& GPS 2230 (02-10-2022).

Theo thong bao cua Dich vu Dia dong hoc T,rén thuc té, cac sé’n p}‘lém cfla‘ IGS dugc cung
qudc t& (International Geodynamic Service -  ¢ap trong IGS20 bat dé‘} tir Euén 2038 (27-11-
IGS) [3], IGS di 4p dung mot khung tham 2022). Nhu vay tur tuan le GGPS 2238, khi
chiéu méi, dugc goi 1a 1GS20, 1am co s& cua ching ta su dung céc san pham cua IGS vao

cac san pham cua IGS. 1GS20 c6 lién quan
chat ché vo1 ITRF2020, dugc phat hanh vao
thang 4 nam 2022. Mot b hi¢u chinh ang ten
mat dat va vé tinh dugc cap nhat, goi la
1gs20.atx, phai dugc sir dung cung v6i 1GS20.
IGS di chuyén tir IGbl4/igsl4.atx sang
1GS20/igs20.atx vao cac san pham ctia minh

dinh vi diém chinh x4c cao (Precise Point
Positioning - PPP), thi gi4 tri toa do cua diém
can xac dinh s& & trong ITRF2020.

D6i v6i mot s6 qua trinh lién tuc theo thoi
gian nhu quan tric bién dang cong trinh, quan
tric dia dong hoc, vv c6 su dung PPP, ching
ta can phai cht ¥ dén su khac biét vé khung

Ngay nhan bai: 19/2/2024, ngay chuyén phan bién: 25/2/2024, ngay chip nhan phan bién: 1/3/2024, ngay chip nhan dang: 8/3/2024
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tham chiéu vi n6 c6 thé gay ra su khong lién
tuc trén cac chudi toa d6 theo thoi gian. Viéc
chuyén ddi toa do cua cac chudi nay vé cliing
mot khung tham chiéu 1a quan trong va can
thiét cho nhitng cong viéc tinh toan, uéc luong
tiép theo.

Hién nay t6 chtrc ITRF [1] d4 cung cip cac
tham s6 chuyén d6i giita ITRF2014 va
ITRF2020. Tuy nhién bo tham sé nay c6 phit hop
va chinh xéac véi khu vuc Viét Nam hay khong
thi can phai ¢ cac nghién ctru thyc nghiém.

Trong bai bao nay, ching toi ding PPP dé
xtr ly dir liéu GNSS trong nam 2022 cua 9
tram
(Continuously Operating Reference Station -
CORS) phan bb trén lanh thd Viét Nam. Dua
vao cac toa do PPP ¢ trong 2 khung tham
chiéu ITRF2014 va ITRF2020 trudc vao sau
ngay 27-11-2022, ching toi sé kiém ching bo
tham s6 chuyén doi xem c6 phu hop va chinh
xac hay khong?

2. Khung tham chiéu toa a9 ITFR2020

ITRF2020 1a sy nhan biét méi cia Hé
thong tham chiéu mat dat qubc té
(International Terrestrial Reference System -
ITRF). Theo quy trinh tuong tu da dugc ap
dung cho céac giai phap ITRF trudc day,
ITRF2020 c6 dir liéu dau vao 1a chudi thoi
gian vi tri cua cac tram do va tham sb6 dinh
huéng trai dat (EOP) do céac trung tdm k¥

tham chiéu van hanh lién tuc

thudt cua bén ky thuat tric dia khong gian
(VLBI, SLR, GNSS va DORIS) cung cp,
cling nhu nhiing rang budc dia phuong tai cac
thap ang ten. Dua trén cac giai phap duoc xur
1y lai hoan toan cta bdn k¥ thuat, ITRF2020
duoc ky vong 1a mot giai phap cai tién so véi

ITF2014. M6t sb cai tién da duoc gidi thiéu
trong quy trinh ITRF2020 [1], bao gdm:

e Chudi thoi gian ctia bbn k§ thuat duogc
xép chdng 1én nhau, thém céc rang budc cuc
bo va can béng van toc cua tram va tin hiéu
theo mua tai cac thap ang ten;

e (Cac dao dong theo chu ky hang nam
va nira nam duoc udc tinh cho cac tram cua 4
k¥ thuat voi day du khoang thoi gian can thiét;

e Céac md hinh bién dang sau dia chén
(Post-Seismic Deformation - PSD) cho cac
tram bi anh hudng boi cac tran dong dét 1on
dugc x4c dinh bang cach khop dir liéu
GNSS/IGS. Cac md hinh PSD nay sau do
duoc ap dung cho chudi thoi gian cta 3 k¥
thuat khac tai cac thap ang ten lién quan dén
dong dat.

Pé ude tinh cac tham sb chuyén doi tir
ITRF2020 sang ITRF2014, nguoi ta da s
dung 131 tram do cdt 15i, dat tai 105 dja diém
duoc hién thi trén hinh 1. Theo hinh, khu vuc
¢6 nhiéu tram tap trung nhat 13 Chau Au, Béc
My va Uc. Trong khi khu vyc Chau A chi ¢6
vai tram. Ddc biét khu vuc Dong Nam A
khong c6 tram nao.

Hinh 1: Vi tri cac tram do dwoc dung dé wée
tinh céc tham sé chuyén doi giiva ITRF2020
va ITRF2014 (chdp nhdn tir [2])
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Bang 1: Cdc tham sé chuyén doi toa do tir ITRF2020 sang ITRF2014 tai epoch 2015.0 [2]

T T2 LE] D
mm mm mm
-1.4 -0.9 1.4

+ 0.2 0.2 0.2

Rates 0.0 -0.1 0.2

+ 0.2 0.2 0.2

R1 R2 R3

mas mas mas
0.000 0.000 0.000
0.007 0.006 0.007
0.000 0.000 0.000
0.007 0.006 0.007

Theo Bang 1, gitra ITRF2014 va ITRF2020 chi ton tai anh hudng ciia phép tinh tién va ty
1¢. Trong d6 gié tri cta cac tham s tinh tién déu nho hon 1,5 mm, con tham sé ty 18 rat gan voi
1. Chung t6i ding bd tham sd trén dé tinh chuyén vé thoi diém 27-11-2022 (doy 331, epoch
2022.9068) cho mot s6 dia diém & Viét Nam. Két qua dugc trinh bay ¢ Bang 2

Bang 2: Cdc tham sé chuyén doi toa do tie ITRF2020 sang ITRF2014 tai epoch 2022.9068

Y - an . n T1 T2 T3 North East U
biadiém | Vido Kinh do (mm) | (mm) | (mm) (mm) (mm) (rrrl)m)
Ha Noi 21°02° | 105°50° -1,4 -1,7 +3,0 +3,2 +1,8 -0,1
ba meg 16°04> | 10812’ -1,4 -1,7 +3,0 +3,2 +1,9 -0,3
TP. HCM | 10°49° | 10637’ -1,4 -1,7 +3,0 +3,2 +1,8 -0,6

Theo Bang 2, ta thay sy khac nhau giita
ITRF2014 va IRTF2020 vé cac thanh phan
(N,E,U) tai cac diém khac nhau trén lanh tho Viét
Nam rat nho. Trong d6 gia tri 16n nhat xay ra ¢
hudng Béc (+3,2 mm) va nho nhit 13 ¢ thanh
phan do cao (-0,6 mm). Su khéc biét rat nho ctia
khung tham chiéu nay hau nhu khong thé quan
sat trén chudi toa do theo thoi gian.

3. Tap dir litu GNSS tai mdt s6 tram
CORS ¢ Viét Nam va dich vu CSRS-PPP

Toan b dir licu GNSS dung trong nghién
cuu dugc thu thdp tur cac tram CORS cua
Cong ty Tudng Anh. Hé théng tram CORS
ciia Cong ty Tuong Anh dugc xdy dung dé
phuc vu cho cong tac do dac khao sat ban dd
dia hinh/dia chinh, va cong tdc nghién clru
khoa hoc. May thu tai cac tram CORS cua
cong ty Tuong Anh déu 13 loai Trimble
NETR9 2 tan sb, da hé théng v¢ tinh. Anten

duoc cai dat trén cac nha cao t?mg c6 két cau
mong On dinh dé giam anh hudéng cia lun
cong trinh va ¢ thé thu s lugng vé tinh nhiéu
nhat. Dit liéu GNSS tai cac tram CORS clia
cong ty Tuong Anh da dugc st dung va danh
gia trong cac nghién ctru dia dong hoc trude
day cua chung t61, vi du nhu [8]. Dt li€u cua
tat ca cac tram CORS Tuong Anh dugc truyén
vé server dit tai TP. HCM. Chung dugc quan
ly boi phan mém hé théng Trimble Pivot &
dinh dang RINEX 3,02 véi do gian céach tin
hiéu 15s. Toa do cua cac tram CORS duoc do
ndi vao ludi toa do quéc gia hang II, c6 do
chinh xéc vai cm trong h¢ toa do VN2000 va
WGS84. Vi tri cta cac tram CORS dung trong
nghién ctru dugc thé hién & Hinh 2. Pic tinh
ky thuat cua may thu va ang ten cia chung
trinh bay ¢ Bang 3.
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Hinh 2: Vi tri cac tram CORS o Viét Nam duwoc dung trong nghién ctru
Bang 3: Ddc tinh ky thudt cua cac may thu GNSS va ang ten tai cac tram CORS

STT | THM | piodiém | Maythu | Antenna | nerval GNSS
do (sec)

. TRIMBLE | TRM55971.00 GPS+GLONASS

I | BKAN | BacKan | *\prpg NONE 15 | L BEIDOU+GALILEO
] TRIMBLE | TRM55971.00 GPS+GLONASS

2 | PTHO | PhiTho | "\prpg NONE 15 | \BEIDOU+GALILEO
~ .| TRIMBLE | TRM55971.00 GPS+GLONASS

3 | VFUC | Vinh Phiic | “\prpg NONE 15 | L BEIDOU+GALILEO
. TRIMBLE | TRM55971.00 GPS+GLONASS

4 | VINH Vinh NETRY NONE 15 | \BEIDOU+GALILEO
- . | TRIMBLE | TRM55971.00 GPS+GLONASS

> | DHOL | Bong Héi |~ (prRg NONE 15 | L BEIDOU+GALILEO
TRIMBLE | TRM55971.00 GPS+GLONASS

6 | NTRA | Nha Trang | “\(prpg NONE 15 | \BEIDOU+GALILEO
7 | ongi | Quang [ TRIMBLE [TRMS5971.00 | o GPS+GLONASS

Neii NETR9 NONE +BEIDOU+GALILEO
TRIMBLE | TRM55971.00 GPS+GLONASS

8 | HCMC | TP.HCM | " \p1Ro NONE 15 | \BEIDOU+GALILEO
. TRIMBLE | TRM55971.00 GPS+GLONASS

9 |CMAU | CaMau |~ \prgg NONE 15 | BEIDOU+GALILEO

Dé xir 1y PPP dit liu GNSS tir nhiing tram
CORS trén, chiing ta c6 thé ding mét sé dich
vu xtr ly online. Mot trong nhitng dich vu PPP
online rt phd bién v&i ngudi sir dung hién nay
co tén la CSRS-PPP (The Canadian Spatial

Reference System Precise Point Positioning)
dugc didu hanh va quan 1y boi Bo Tai nguyén
Thién nhién Canada (Natural Resources
Canada - NRCan) [5,6,7].
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Dich vunayra mét vao nam 2003. N6 cho Bidu o8 Morth
phép ngudi sit dung goi dir liéu GNSS & dinh ... iz
dang RINEX Ién may chi cia NRCan. Trong
vai phut sau do, nguoi st dung s€ nhan duoc
két qua vé vi trf hodc quy dao cua ho, cung véi
udce lugng do chinh xac trong file bao cao &
dinh dang PDF. CSRS-PPP dung sdn pham
quy dao v¢€ tinh két hop cua IGS va sb hiéu
chinh dong hd vé tinh riéng ctia NRCan. Bitu Lf:;:"ﬂh

CSRS-PPP version 3 cho phép xur ly tich
hop dir li¢u cia GPS va GLONASS. Trong do
c6 chirc nang giai da tri cho céc vé tinh GPS.
Do chinh xac dinh vi ciia CSRS-PPP ¢6 thé
dat duoc & mirc mm cho dir liéu GNSS tinh 24
gid va vai cm cho 1 gio dir ligu [5, 7].

e s ¥ Z;HJE

WL NN AR O e T DS 0T D BRI IR @I

Trong bai bao nay, ching t6i chon CSRS-
PPP dé xu 1y dir litu GNSS cua céc tram .
CORS da néu ¢ bang 2.

4. Két qua xir Iy PPP bing dich vu
CSRS-PPP

Chung t6i gui céc file dir licu GNSS ¢
dinh dang RINEX version 3.02 tit ca cac ngay

tl‘Ol'lg Ilém 2022 Cﬁa l’lhﬁng '[I'E,ll’l’l dO llét ké 6' —— -‘"” I'-t‘l- BT e D D30 DRDE MY PR IEOD IH.I};;.I|I-|I-| _é.;jlilz
Hinh 2 va Bang 3 dén dich vu CSRS-PPP ciia Sk dSiam
NRCan. Sau khi nhan duoc két qua PPP tra vé, s .

BREL PAMY

chuing t6i tong hop lai theo ting tram & dang S
toa do (N,E,U). Minh hoa cho cac két qua ndy  umwe
thé hién ¢ Hinh 3. Trong d6 bao gdm 4 tram  “*=**

DA

VFUC, DHOI, NTRA va HCMC. — ;
Quan sat dd thi biéu dién toa d6 PPP cua T .,
tat ca cac tram trong nam 2022 (hinh 3), chiing T R N e e

ta co thé thay tir ngay 331 (27-11-2022) chudi
toa do c6 su thay doi ¢ hudng Bic va Pong
xap xi 2-3 mm. Piéu nay rat phu hop véi két
qua tinh todn cta ching t6i ¢ Bang 2. Tuy
nhién & thanh phﬁn dd cao thi su thay ddi lai
bat dau tir ngdy 317, sém hon thanh phan mit
bing 14 ngay, va c6 do 16n xap xi 2 cm. Pidu
nay lai khac voi két qua tinh toan & Bang 2.
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Hinh 3: Két qua xit Iy PPP ciia CSRS-PPP
cho 4 tram VFUC (trai trén), DHOI (phai
trén), NTRA (trdi dudi) va HCMC (phai
dudi). Cham do la toa @6 ITRF2014, cham
xanh la toa do ITRF2020

5. Mo hinh héa chudi toa do PPP va wéc
tinh cac tham s d 1éch khung tham chiéu

Dé xé4c dinh chinh x4c do 1éch toa do do
anh huodng cua viéc thay doi khung tham
chiéu, chung ta cAn md hinh chudi toa d trude
thoi diém 27-11-2022. Sau d6 dung mé hinh
nay dé tinh céc gia tri du doan cta nhitng ngay
con lai ctia nam 2022. Twr d§ I¢ch toa do gitra
gia tri du doan va gia tri PPP (A), ching ta s&
tinh gi4 tri trung binh ciia do léch va sai s6
trung phuong cua n6 theo céc cong thirc sau:
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my =—= (1)

Trong d6: n 1 sb ngay tir 27-11 dén 31-12-
2022 va A ky hiéu cho d¢ léch trung binh cta
cac thanh phan toa do. Phuong phép xéc dinh
d0 1éch duoc minh hoa ¢ Hinh 4.

o

Dir doan - -‘I-T
M hinh ¥

A7-11-22 Thed gian

Hinh 4: Minh hoa vé viéc wéc luwong do léch

toa dé gitta ITRF2020 va ITRF2014. Chdm
den la toa ¢ ITRF2014 va cham vang la

Cac nghién ctu trude day da chi ra chudi
toa d6 c6 sy bién thién theo chu ky xap xi
351,6 ngay [9]. Trong bai bao [8], chung t6i
da dé xuét st dung mgt ham hinh sin don gian
dé 1ap m6 hinh chudi thoi gian toa do nhu sau:

)=y, +vyt+A.sin(27ﬁt+(p) 2)

trong d6 yo 1a gia tri ban dau cua tin hiéu; vy 1a
van toc x4c dinh ciia chudi thoi gian y; A 14 bién
do cta tin hiéu; T 1a khoang thoi gian ¢6 dinh 1a
351,6 ngay; va ¢ 1a pha ban dau. Cac tham s yo,
vy, A va @ duoc xac dinh bang phuong phap sb
binh phuong nhé nhét cho timg chudi thanh phan
huéng Bic, huéng Dong va do cao theo thoi gian
va cho tung tram.

Puong cong mau xanh 14 cdy thé hién &
Hinh 3 13 két qua cta viéc mé hinh héa theo
cong thuc (2). Két qua tinh do léch toa d6 do
thay ddi khung tham chiéu theo cong thirc (1)
tai cac tram CORS dugc trinh bay & Bang 4.

ITRF2020
Badng 4: D¢ léch toa do do thay doi khung tham chiéu tai cac tram CORS (ITRF2014-
ITRF2020)
STT Tram Do 1éch toa do (mm) SSTP (mm)

do North East Up North East Up
1 BKAN +4,2 +2,4 -19,5 +0,3 +0,2 +0,5
2 PTHO +4,4 +3,7 -18,5 +0,2 +0,1 +0,8
3 VFUC +4,4 +1,4 -19,5 +0,3 +0,2 +0,7
4 VINH +5,0 +2,1 -18,7 +0,2 +0,2 +0,5
5 DHOI +3,5 +3,8 -13,4 +0,3 +0,2 +0,8
6 QNGI +3,0 +3,5 -23,9 +0,2 +0,2 +0,6
7 NTRA +2,9 +0,7 -8,4 +0,3 +0,3 +1,1
8 HCMC +3,3 +3,1 -23,5 +0,2 +0,2 +0,9
9 CMAU | +4,7 +5,1 -29,0 +0,3 +0,2 +0,8
Trung binh +3,9 +2,9 -19,4 +0,2 +0,2 +0,7
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Theo Bang 4, dd I¢ch cua cac thanh phén
toa d6 mang tinh hé thong va co gid tri twong
tu & tit ca cac tram CORS. Gi4 tri trung binh
ctia d6 1éch & hudéng Béc va Pong 1a +3,9 va
+2,9 mm rit gan véi két qua tinh toan tir 7
tham sé chuyén doi toa d6 ITRF2020 sang
ITRF2014. Tuy nhién thanh phan d6 cao c6
gia tri do léch 1én dén -19,4 mm va hoan toan
khong ding véi gié tri tinh toan.

Gia tri cua 7 tham sd chuyén doi
ITRF2020 sang ITRF2014 ctua ¢ bang 1 duogc
udc luong tir 131 tram do phan bd toan cau.
Vi vay chiing c6 thé cung cap do chinh xac tét
nhét trén phuong dién toan clu, nhung lai c6
thé cho két qué khong tot & mot vai khu vuc
cu thé - vi du nhu & Viét Nam. Nguyén nhan
thanh phén dd cao c6 do l¢éch 16n, khong tbt
nhu mit bang c6 thé xuat phat tir dic diém
dinh vi cia GNSS - ludn cho két qua do cao
kém hon mit bang tir 2-3 1an. Trong cac ngién
cuu dia dong hoc, néu nguoi st dung ¢ Viét
Nam sir dung bd tham sé chuyén doi nay co
thé gy ra su dit giy trén chudi thanh phan do
cao kéo dai qua thoi diém 27-11-2022. Diéu
nay sau cung s& anh hudng viée xac dinh tdc
do chuyén dich mang kién tao & thanh phﬁn do
cao cila cac tram quan tric.

6. Két luin

Pé xem xét anh huong cua viée thay doi
khung tham chiéu vao chudi toa d6 PPP, va
dong thoi dé kiém tra tinh dang dan cua b
tham sb chuyén d6i ITRF2020 sang
ITRF2014, ching t6i da su dung ditr li€u
GNSS trong nam 2022 cua 9 tram CORS do
Cong ty Tuong Anh quan ly. Dir liéu GNSS
duoc xtr 1y PPP bang dich vu CSRS-PPP cua
NRCan. Ching t61 da st dung mdt ham sin
don gian dé mé hinh chudi thoi gian toa do
ITRF2014, va ding n6 dé udc tinh do léch
trung binh v6i nhiing toa do ITRF2020. Két
qué phan tich trén cac chudi toa do cho thay:

e DO léch toa do do sy thay ddi khung
tham chiéu x4y ra mot cach hé thong tir ngay
27-11-2022 va c6 gia tri d§ 16n tuong tu nhu
nhau & tit ca cac tram CORS.

e Do léch trung binh ¢ huéng Béc va
Pong 1a +3.9 va +2,9 mm rat gin voi gia tri
tinh toan tir 7 tham sb chuyén doi 1a +3,2 va
+1,8 mm.

e Thoi diém xay ra su thay ddi trén
chudi d6 cao 1a vao ngay 317, tirc 13 bit dau
tir tudn 1€ GPS 2236. D9 léch dd cao tinh todn
duogc 1én dén -19,4 mm va hoan toan khong
phu hop voi két qua tinh toan tir 7 tham s6
chuyén ddi 14 -0,1 mm — -0,6 mm.

Nhu vay ddi v6i cac chudi toa dd PPP theo
thoi gian ¢ khu vuc Viét Nam, néu ap dung
chuyén d6i ITRF2020 sang ITRF2014 ding 7
tham s6 dd cho & bang 1 thi chi chinh xéc cho
thanh phan mit bang. Con thanh phan d6 cao
van c6 thé bi sai dén 2 cm.

S6 ngay dir liéu GNSS c¢o toa do
ITRF2020 trong nam 2022 chi khoang 34
ngay, va dir licu GNSS chi dugc xtr 1y duy
nhit bang CSRS-PPP. Vi vay két qua udc tinh
ctia chiing t6i trong nghién ctru niy c6 thé
chua du do tin cay. Chung t6i s& tiép tuc thu
thap dir liéu GNSS trong ndm 2023 cua cac
tram CORS va xt 1y thém bang cac dich vu
PPP khac dé cho két qua tin cdy hon. Ngoai ra
thoi diém xay ra sy thay doi trén chudi do cao
som hon thoi gian quy dinh 2 tuan ciing 1a mot
van dé can 1am 16 va nghién ciru k§ hon dé tim
ra nguyén nhan.Q

Tai liéu tham khao
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Effects of changing from ITRF2014 to ITRF2020 on PPP coordinate series: Case

study on some Vietnam CORSs
Nguyen Ngoc Lau, Trinh Dinh Vu

Department of Geomatics Engineering, Ho Chi Minh City University of Technology,

Vietnam

Vietnam National University Ho Chi Minh City, Vietnam

Pham Anh Dung

Tuong Anh Science Technology Equipment Joint Stock Company, Vietnam
From November 27, 2022, IGS has switched to using the new reference frame ITRF2020

instead of the old reference frame ITRF2014 in its precise point positioning (PPP) products. To
examine the effect of changing the reference frame on the PPP coordinate series, we used GNSS
data in 2022 of 9 CORS stations evenly distributed in the territory of Vietnam. GNSS data is
PPP processed using NRCan's CSRS-PPP service. The analysis results on the coordinate series
over time show that the North and East components have changed systematically from
November 27, 2022, and the average value of the deviation is +3.9 and +2.9 mm, very close to
the value calculated from the 7 transformation parameters +3.2 and +1.8 mm. The change in
the height series occurs about 14 days earlier than the horizontal and has a deviation of up to -
19.4 mm, completely different from the calculated result of ~-0.3 mm.Q
Keywords: ITRF2014, ITRF2020, PPP, CORS, Vietnam
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