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TOM TAT
Bai bdo nay dé xudt mét gidi phdp xdy dung mdy thu dinh vi vé tinh trén nén cong nghé FPGA
(Field-Programmable Gate Array) ket hop ARM (Advanced RISC Machine). Giai phap dugc de
xud} dwa trén phuong phdp va thudt’tod,n kin,h dién ket hop voi mdt so thudt toan bo tro ty phat
trién, thuc thi trén phan cung ty thiéf ké, cheé tao. Tin hiéy tir cdac qua vé tinh thu dwoc n{zd chip
front-end duoc xu Iy va dwa ra cdc két qua dinh vi nho khoi back-end dwoc thuc thi boi phan cing
tie thiét ké, ché tao véi hat nhén la chip Zyng. Khi thwc hién nhw vdy, mdy thu dinh vi vé tinh co
tinh linh hoat hon va quan trong hon ca la vuot qua dwoc mét so gidi han ma nha san xudt cdc
cth thy dinh vi thwong mai da khoa lai. Bén canh do, két qud nghién cuu con la tien de dé thiét
ké,’ché tao cac chip thu dinh vi vé tinh khong chi cho nhiing ung dung dac biét ma con cho hé
thong dinh vi vé tinh cua riéng Viét Nam trong twong lai.
Tir khoa: Dinh vi vé tinh; FPGA; ARM; Zyngq.
1. PAT VAN PE

Céc bo thu dinh vi v€ tinh da hé phién ban thuong mai bi giéi han kha nang thu bdi trin bay
khong qué 18 km va/hoic toc do bay khong qua 515 m/s (gidi han CoCom) [1]. Trong khi do, rat
nhiéu nghién ctru cAn mot bd thu dinh vi vé tinh c6 thé vuot qua dugc gidi han nay, vi du nhu cac
bong tham khong du bao mdi truong, thoi tiét, cac qua vé tinh,... Linh vuc nay di co nhleu nghién
clru duge Gmg dung va phat trién [2, 3], tuy nhién, khong c6 mot cong b rd rang nao vé giai phap
thue thi chi tiét, chi ra nhitng diém mau chdt trong viée khéa/mé khoa bo thu dinh vi vé tinh khoi
cac gioi han do.

bé giai quyét van dé nay, bai bao dé xuat mot phuong phép thiét ké bo thu dinh vi vé tinh dua
trén nén tang chip front-end két hop véi hé xir Iy da nhiém va thir nghiém dua trén tin hiéu mau,
tin hi¢u tao gia va tin hiéu thyc. Cu thé, nhém nghién ctru thuc hién cac thuét toan dinh vi va cac
thuat toan bo tro (bam, loc, chéng nhiéu, tang d6 chinh x4c,...) trén nén tang phén mém Matlab véi
bo dit liéu tin hiéu dinh vi vé tinh mau; sau d6, thyuc thi cac thuat toan d6 trén kit FPGA véi chip
front—end; cudi cung, thiét ké, ché tao bo thu GPS (Global Positioning System) trén chip ZYNQ
XC7Z010 (FPGA két hop ARM) va chip front-tend.

2. DE XUAT GIAI PHAP

Cau tric may thu GPS d¢é xuét duoc thé hién trén hinh 1. Tin hiéu tir ang-ten GPS (c6 tich hop LNA
(Low Noise Amplifier)) qua b6 loc s&€ duge dua vao IC thu d01 tan MAX2769. IC MAX2769 ¢6 nhiém
vu chuyén tin hiéu cao tan vé tin hiéu IF, sau d6 thyc hién s6 hoa dua toi hé thong xtr Iy tin hiéu (FPGA
Soc hogc két hop mot FPGA vavixirly ARM). Hé thong xir ly nay s€ co nhiém vy phén tich, tinh todn
va tra vé toa do, van tc ciia may thu va dua két qua qua cong giao tiép nhu USB/UART/SPL

FPGA SoC hoac
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Loc > Max2769 o FPGA + ARM

Hinh 1. Cdu triic may thu GPS dé xudt.
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Céc thuat toan, ludng xir 1y tin hidu dwoc nghién ctru thyc hién trén nén tang phan mém mé
phéng tinh todn Matlab Simulink véi dir liéu dau vao 1a bo di li€éu GPS chuan. Cac thuat toan duoc
thue hién nhu sau:

- Phat hién, nhan dang tin hi¢u vé tinh: Sir dung thuat toan so sanh tuong quan dé phat hién c@c
tin hi¢u vé€ tinh thu dugc. Moi ma C/A tuong Gng dugc phat hién s€ tuong (tng véi mot vé tinh cu the.

- Thuc hi¢n bam song mang va ma: Sir dung thuét toan bam tan s6 song mang va bam ma song
song. O day phuong phap tinh todn twong tw vong lap khéa pha, khéa ma duoc st dung dé dam
bao c6 thé bam theo dugc cac tin hiéu vé tinh da xac dinh (dau ra cua qua trinh thu).

- Tdch dit liéu dinh vi: Két qua dau ra clia qué trinh bam tin hi¢u 1a ludng dit li¢u dang nhi phan
cua ban tin GPS. Day la mdt budc quan trong dé 13y cac thong tin can thi€t phuc vu cho qua trinh
tinh toan toa do GPS.

- Tinh toan toa dé GPS: Qua trinh tinh toan toa d§ cua may thu dugc chia lam 2 budc chinh:
tinh toan khoang céach gitta may thu va cac vé tinh thong qua dit li€u dinh vi; sau d6 tinh toan toa
dd cua may thu thong qua cac khoang cach do va toa do cuia cac v€ tinh. Can cur theo toa do cua
may thu, hé thong tinh todn con dua ra thong so khac nhu van toc chuyén dong cia may thu.

3. KET QUA THU NGHIEM
3.1. Thir nghiém thuat toan thu dinh vi véi tin hiéu thye té

Ludng xir ly dir liéu thu GPS: Tin higu tir dng-ten thu GPS di qua hé théng khuéch dai va loc,
duoc dua to1 dau vao cua kit MAX2769. Kit phét trién FPGA c¢6 nhiém vu cau hinh kit thu GPS,
nhan dir liéu tho tur kénh dau ra 1Q, thyc hién tién xur 1y trude khi duoc ghi luu vao may tinh thong
qua duong truyen Ethernet. Dir liéu ghi luu trén may tinh dugc luu voi khoang thoi gian 40 giay,
sau d6 dugc xtr 1y tinh toan toa do thu trén phan mém Matlab. Céac toa d6 thu sau tinh toan dugc
dua ra hién thi trén nén ban do thyc t€ nham danh gia tinh nang cac thudt toan va lam co so can
chinh céc thuét toan. Két qua thur nghiém nhu hinh 2 cho thay toa do GPS khi may thu dimg yén
s0 voi dir li€u goc co6 sai s6 vi tri khong vuot qua 10 m.
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Hinh 2. Két qua xit Iy di liéu GPS tai mét diém.
3.2. Thir nghiém phén ctng dugc thiét ké, ché tao voi h¢ thong tao gia tin hidu dinh vi vé tinh
toc do cao
Sau khi thir nghiém chirc ning ctia thuat toan trén Kit FPGA va phian mém Matlab, nhom nghién
ctru thyuc hién thiét ke, ché tao bo thu GPS trén co so lay Chip ZYNQ XC7Z010 lam trung tam xur
1y tin hiéu, thuc hién cac thuat toan dinh vi va truyén thong véi cac thanh phan khac.
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Thiét bi sau khi ché tao dugc thir nghiém hai ndi dung chinh: Hoat dong nhu mot b thu dinh
vi vé tinh binh thudng va vuot qua duoc gidi han téc do 515 m/s. Dbi voi ndi dung thir nghiém
thtr nhat, nhom nghién ctru thyc hién hai phép thu: (i) thu dinh vi tai thuc dia két hop voi hién thj
cic hanh trinh trén nén Google Earth Pro; (ii) thu dinh vi tr thiét bi tao gia tin hiéu vé tinh
SMW?200A. Két qua thtr nghi€ém thyc dia dugc chi nhu bang 1. Khi b thu di chuyén trén duong
thang, sai s6 ciia bo thu dinh vi vé tinh nhé (3 m). Huéng di chuyén ciia bo thu thay dbi cang 16n
va vén tdc khi thay do6i hudng cang 16n thi sai s dinh vi cang cao.
Bdng 1. Sai $6 ciia b thu thir nghiém tai thuc dia.

Van toc chuyén Sai s6 quy dao cta bg thu dinh vi vé tinh so vai quy dao thyc té (m)
dong ctia by thu | Chuyén dong thing | Chuyén dong thay d6i | Chuyén dong thay doi
(m/s) 30° 45°
10 3 5,2 5,4
14 3 55 5,8
19 3 6 6,4

Dé thir nghiém kha ning dinh vi ciia bo thu khi vit mang chuyén dong véi toc do cao qua gidi
han cua cac bd thu thuong mai, chiing t6i st dung thiét bi tao gia tin hiéu dinh vi tdc do cao
SMBVI100A c6 kha nang tao ra tin hiéu dinh vi nhu vat mang chuyén dong véi tdc d6 1én dén
10.000 m/s. Nhém thyc hién tao ra quy dao di chuyén cuia vat mang, moi giai doan chuyén dong
c6 tde d khac nhau: 300 m/s, 500 m/s, 700 m/s, 800 m/s,... sau d6 dua vao thiét bi tao gia va phat
ra khong gian. Bo thu tién hanh thu, tinh toan toa d6 va cép nhat Ién phﬁn mém hién thi.

Bing 2. Sai s6 quy dao ciia b thu khi quy dao mé phéng
thay doi vin toc va hudng chuyén dong.

Van toc cta Vian géc tai Sai s6 quy dao ctia bg thu dinh vi vé tinh so voi quy dao
quy dao md thoi diém thay mo phdng (m)
phong chuyén do6i huong Quy dao mo phong Quy dao mo6 Quy dao mo6
dong thang (m/s) chuyén dong thang | phong thay doi phong thay doi
(m/s) 30° 45°
300 - 7 - -
500 - 8 - -
700 - 8 - -
800 - 9 - -
- 42 - 32 44
- 54 - 35 55

Két qua thir nghiém dugc chi ra nhu bang 2. Quy dao md phong vat mang c6 van toc 1on nhat
khi chuyén dong thing va giam khi thay d6i hudng chuyén dong. Ca vdi van tée nho (300 mi/s,
500 m/s) va van toc 16n (700 m/s, 800 m/s), bd thu cip nhat dit liéu 6n dinh (10 Hz). Vit mang
chuyén dong thang véi cac van toc 16n nhét 1a 300 m/s, 500 m/s, 700 m/s, 800 m/s thi sai s6 quy
dao nhé hon 10 m. Khi qu§ dao md phong thay ddi hudng, sai sé qui dao ctia bd thu ting khi ting
van tbc va ting goc thay doi quy dao mo phong.

4. KET LUAN

Bai bao nay tap trung vao van dé xay dung may thu dinh vi vé tinh trén nén cong nghé FPGA
Kkét hop ARM dé 1am co s& cho viée thyuc hién cac nghién ciru tiép theo trong linh vuc thu dinh vi
vé tinh. BO thu GPS dé xuét da vuot qua dugc gidi han vé téc do cua bd thu GPS thuong mai voi
sai sO vi tri nho. Céc két qua nghién ciru c6 thé 1a cong cu xdy dung cac bo ghi do toa do, v& quy
dao cho cac khi cy bay trong qué trinh nghién ciru thir nghiém ting phan.
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ABSTRACT

Building a satellite navigation receiver on FPGA technology combined
with ARM to serve special applications

This paper proposes a solution to build a satellite navigation receiver based on FPGA
technology combined with ARM. The proposed solution is based on classic methods and
algorithms combined with a number of self-developed auxiliary algorithms implemented on
self-designed and manufactured hardware. Signals from satellites are received by the
frontend chip, then processed and given positioning results by the backend block, which is
implemented by self-designed and manufactured hardware with the core of the Zynq chip.
In doing so, satellite navigation receivers have a lot of flexibility and, most importantly,
overcome some of the limitations that manufacturers of commercial positioning receiver
chips have locked. In addition, the research results are also a premise for designing and
manufacturing satellite positioning receiver chips for special applications as well as for
Vietnam's own satellite positioning system in the future.

Keywords: GNSS; GPS receiver; ZYNQ; FPGA; ARM.
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