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Abstract

The advantages and disadvantages of conventional RTK technology and network RTK technology
in UAV positioning are firstly analyzed in this paper. The advantages and disadvantages of con-
ventional RTK technology and network RTK technology in UAV positioning are analyzed compre-
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hensively. Then an embedded miniaturized UAV high-precision positioning module based on net-
work RTK is designed. Finally, the positioning performance of the module is tested. The test re-
sults show that compared with the UAV positioning module MBN commonly used in the market,
this module has high positioning accuracy, reliable results and meets the design requirements.

Keywords
UAV, The Network RTK, Ntrip, Embedded System

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|15

Je AHL(Unmanned Aerial Vehicle, UAV) & —Fl 1z 73Kz HL BTG N EEE, KSR IRHETT ). wE
SATFHRIMUS B[] TIANEGMBA ., BT R R, RS RESIN, TaRE AR, £R
FH AT RN 22 < 4335 e It AR OR B R FE v Fa[2] o ERF AU, B ANIFER el . AR I BRI Hb o
TR, RNV RETT R RAE R LS FERHAUEE, AN RO R, AE58Z R
T e R AR S T TN T S W3] TE AN N 2% (1) L PR BE x He e S R FE SR T S s 2R

BT 32 B 2 PR ZE M se e, AR EE Oy BE UL 3k AT e 07 (RS BE o RO, Joidil /2 T8 ANURE 4
AR LK [4] . B LA AR AL A WL 5 1) fe b P2 SI2 ) 2 25 AH X 7 £ 4% R (Real-time kinematic Posi-
tioning, RTK) IR &[5], T ANLmkS B 3R 1T T HERMRIT % o RTK BRI 5 2 it B vl
ERZSUEE S, A S0 45 R AT SOE, DRI RSB 2 AL RCR [5]. BRI RTK R
REWS S EAS BE B A e O, R R AET AN B EB, A, IR 2 RS n . B &
FL1 58 2 45 (Ground Based Augmentation System, GBAS) AW 1%, 2% RTK FAREFE K e . M
RTK BRI 22 4N5 2 5l 0L 8l sl 78 AL X S il a5, Jl I KA IR VR 22 BB N Z2 I 53, )i sl ity
FAPSRAEZE P ARSI S R % 22 43 e AL A I R [6], 75 S AU A AL s e B T2 i L
FART S B, A R EEE B — IR T % RTK N 3 kG B 5 A A e DUAR P T A B URS 446 /R L
)RR, Hodd SRRk e T e AL RE .

2. L& RTK HA
2.1. CORS &%

Bt 5 4Rk S5 LA 2 45 (Global Navigation Satellite System, GNSS)H A b & J&, iishut FH kg
7 RO ML G s 72 oy e 7 2, R B B S B N2 2 5 28 0k W 28 2293 e AL [ 7] iE4E
15472 %k (Continuously Operating Reference Stations, CORS) ()3 4 J& F 2 F| il GNSS S @it A, 7
—EFTHEE G E N, RYE TR — 8 0 A B SBT3 T E GNSS S, R 44Q
HHAMMNEREAR, K ENSHIEZ 6, S SHIELE O A EE, S280E TOoxZHul bk
I B BT B A L MBS, FEE R 4R d T [8]. CORS R 40 L BALFE =4 : £ANE 41847 GNSS
TR I 2 3 L 8% i oy 5 4 ) o PR 00 30 TR B L SO0 2% 25 28 b WU 4 32 A 7 Ak B AT
R TR S5 B RS E b B 0 [9]. CORS RGN AT K 1 FTs
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Figure 1. CORS system composition diagram
1. CORS Z%Gt¢HRLE

2.2. BHSEHFEAR

H Al CORS M2 H AR EZAKE: BEMSHHAR, FHMHEA, XKIBSUERAR . Zi6 WiEHA[8],
H A 48225 3k (Virtual Reference Station, VRS)H AR & H /TR H o8 V2 102 /3 1R [10]. T RTK #iR
{10 5 VR JE IR TR BNl 5 22 3l 2 IRV B B, BB T o 2 IR E B PR I, RTK (10 5 Ak 2 AR Bl 2 3k,
AN SRR AN S 3 2 [N 23 AR ZEAR /DN, R AR AR AR (R ARG B o RS 2 B AR ) AR T B gt
B AL FE AP0 A S Sl B EAT 43 A Kb B S SR FE RS 0 100 5 22 A M A B P S 20y 3l Y P BT 4 L g o
AL E F R A — A S BN [11]. S RSB EOR, AN R L 258 w2 1A sk mT LA il
TEJUFK P, 8 37 22 4y e AR B R AT Vi ok % 2R A AR 22, AT REAS 73 31 Rl P2 1 8 A 45 SR (7] L
SEEHARWE 2 Fios.
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Figure 2. VRS technical workflow flowchart
2. VRS BEARTIERIZE

3. IRRFt
HRAE TE AN LBEAT RS 4 A A VI T 75 B0 R B RS FE . SE . /N, RRe ESREER, $RH DL
ARIEbx:
1) #EN RTK [EEMRSG, K8 ks BE R AE 10 cm + 1 ppm LAY, 3 B8 A0RS BERZE 5 cm + 1 ppm BAA .
2) SENLKE AT DOP (Dilution of precision) [6]/NTF 1.5, M 21 () T2 BN AR FFAE 19 L -,

3) A RENZ A TR UG R RN T 1 min, RTK K8 180T 30,
4) S G ECHE S R AL B 5 Hz UL L ESIERT PXA T AL AT Ho ) Rk
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Figure 3. Overall module architecture

3. BB LRA

4. SEWINESER

FETF RGN X TEANE AR BEATERAS . ShAE AR LMK M, FF 51T B W IE AHLE R

B MBN AT L, Bk E (AR IR BB TH 2K
4.1 SRS
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Figure 4. Quadrotor UAV

4. MIEEFT AN

Figure 5. UAV positioning module
5. T AHLEMRIR
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4.2. FARIgFRMIR
4.2.1. BEREALTER
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Figure 6. The first time to enter the effective solution and the fixed solution
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Figure 7. Number of satellites first entered into fixed solutions

7. ERENEERBIN L ERIER

4.2.2. BESENREE X ECHR
BARE S To AN # B MBN 5 AR AT LU DAIGIE 52 R A H (1) 58 Ar v Rg, 1] 8 & 9 43 il fe
IR T AKEHRN M8N 52 7 A5 b 1) 3 245 i RS o
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Figure 8. Design module static positioning accuracy
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Figure 9. M8N positioning module static positioning accuracy

& 9. M8N ENIRREES EMAEE

o LT ELE Y, AHEE MBN BEBR IR J e RS L, AT BEERAEHE N RTK [E] 7 85 )€ A ks 2

R LUARIEOR S, OKESR

i L R AHUEA RS AACREE o it — B M2 € R (i S e AR 1, A

B RS HAETT R IS4 5 A8 N 70 SR 1 /N, 4538 () 5 AL RHR [ 5 it 78 R FEZe i ik 1 pios .

Table 1. System resulting data of standard experiment

* 1 ENEREEREMEE LRI R

A FKFJ7 T FEE T
781
CEP50 CEP68 CEP95 CEP50 CEP68 CEP95
FF i B 3 0.018 0.019 0.02 0.016 0.02 0.033
RS PR 0.029 0.044 0.046 0.008 0.032 0.103
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Figure 10. Dynamic test trajectory
& 10. shASMIK#hiE
FESEIIR 10 YO SRA RTK [REAR . RTK W SO 2 S RAE RIS Bk 7 5 B P,
% 2 PR

Table 2. Proportion of solution results of positioning module
2. ENEREHEERELG)

RTK [& & RTK % /4 Z0 B
SEN S BCEIN 308 16 13 337
b5 91.40% 4.70% 3.90% 100%

T A PR T DR %0 AR B AS S e A RTK [ 52 i LB AR R 7E 90% LA |, sEfir
PRSI MG, R LS RTK RN FIEANLE AR & 45 0T 5

FREFT BT )58 A AR 5 T AL FH B 5E A AR MBN #E47 3028 e ALn] L skl i@ ahhi i 11
Fii7n, NEU J7 [ 2 a0 & 12 fros

TR LT LLE 2 5K MBN 8 S HAE 5847 — Pl J5 R e 01 1S5RS A, T it e
PR A 45 BN, BAEUDN, HE L SR AR . S50 2 A N TR 1 2 AT,
I NEU J7 [l 22 B AT DUE HE B THSEERAE 3 L5 [l 22 B MBN BN 22, T HREERTE U U7 ] 1) 4 22
FE05m N, M8N &AM U J7 [m) i 22 S Ko 3 m, Ut BT TH R Sh 48 e ARG FE T e
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Figure 11. Motion trajectory comparison diagram
11. EEEERTEEE

EW(m) = &t EAiRREE 5 9367950°E 13.5184m
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Figure 12. NEU deviation
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Figure 13. Satellite altitude Angle and signal-to-noise ratio
13. DESERARERLE

5. &5

Bt R D B U A BOR S T e AHLE A% BEARSE 7, A8t 7k T M 2% RTK AU
HUNRETE NN EAS e AR o 38 I iR (1 58 (o2 1k e 1 55 i i % A JE A HLE AR B MBN
(¥ 5E Ak REREAT LA AT, I SS SRR W% 58 AR R 25 58 WA E TR JEOK 2%, AHEL MBN IR S e
ROREFERMEERT: FESIAENERE L, Wit Bl BT M AORE FE W] B T MBN ERZ B, B81E T RTK
BRR AT ANUE L EREE R G5 RATEE, BB LANBRIAWRE, SRR TS5t

EHEWHE

B KA 75 5 R 2 3 45 (42122025) ;. [ 5K B SRR 3 45 (41974005); 22 TRE K22 E EWF AT H
(425317T02A).
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