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4 F (Huawei) #= /s K (Xiaomi) 347 4 48 5 HL Huawei Mate 20/30 . Xiaomi S¥L M FL B A7 R 047, 8 T —
B A T 5 Hubh % 2 5 5 45 (precise point positioning, PPP) 8 R &34 5 %, F L T —# & T % £ (Android)

F &6 EPPP R RAR S, Wit TR S T B L W FE L F )5 FHPPP &Y Az AL,

HREM,

Xiaomi 8 #= Huawei Mate 20/30 F AL 45 PPP - & 75 w) &9 A% 45 3 T £ 5] 0.5~0.6 m, & 42 % w89 TALA &
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KR : Android % . F AU 45 55 3 &8 A5 ROPUBE AL s R A5 B s M E AT

BB %S . P228 XERIR R A

Bl 45 R RE T MLY% K Fn 4 BR300 TR R GE
(global navigation satellite system, GNSS) [ %
Ji& S E AL E 2NN B RE T AL A ] iy 3
RE L 8 — 2 1 T AL R P U5 R A AR
Bo 2016 475, A7k 2y W £E % 5 (Android )N #24F
R4 EIFHCT Viln) GNSS Ji i W {8 i 7 A A
¥ #% [ (application programming interface , API)
X R IT K N BE T HLH S I R B GNSS O R
=R R VANE s i VR R 7 ST I A NI (T8
17 o A B S 7 5 R . 2 E B A A FAR
NG, KA E T ML ik 4 A8 A9 2 B 031 GNSS ik
Fo 20184E5H , A3k OBU Y fig T HL Xiaomi 8
Ko, HAE BT SR L1/15 P By XU GNSS JE
L B, RO T b 28 e (duty cycle) AL, 512
TR REN . MR, R FOL) R A A
KA T B A UE AL RE 1 T L, an e A Rl R
i 1 Huawei Mate % 51 F#l (Mate 20/30) | Bk 42
8 H) AT Lenovo Z6 FHLAF . WU GNSS it i
(05 2 0 B e TP AT A % B U {7 (precise
point positioning, PPP) ] & T 4 4, W Jn 1 F
PUTE S 2 BR 5T 19 3 07 1 o
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[ N Ah Ak 2 2 35 X 8 Be T AL % Bl o s
ENLPEREHEAT T VEAL . SCERL8 148, AL £F
TE 1Y duty cycle AL 5 R 7 08 0 £5 98 A % 22 .
SCHKL 9 1 Huawei P10 4L A4 #H 47 28 fb & 2EAh
T-HL B AH AL B B 7, 7E duty cycle JCH 1% Bl
T, T WU SRS B T DhGA B K g . SCHERL10]
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F {6 L O B B 22 R AT T 4 b, EE ST TR N Y
17 W b AU AR [6] B 43 A7 1 duty cycle HIL T A4H
A7 B R RS TR A B SRS B AHOCHE 2 i T —
Bl 2% & duty cycle W % 22 7 W & 7 55 . SCHR
[11]Xf Xiaomi 8 F=HL7E XK X IT [ Fl &5 5 AR 7 3%
SN BYE MR LR Z BEAR AT T A0, 5 0 b 7Y 4
W HLAH LE , T LA M LU (87 B AR 5~12 dB; 1E
2 A% AN 75 T, IR A ) i (Galileo) £ 4t 4
GPS D RMZ it B/, H L5 AR K £ B4R 1%
ZEWI /N T LI 75 A Pk BE PPA% O T, SCHR
[12]fd F] Xiaomi 8 F=HL# A7 X4 PPP F1 5% i )
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1% 2 ) 1) 77 MR (root mean square, RMS) 43 5l
0.50 m,0.47 m.0.56 m, @AM 3 A& PPP 347
) 5 3R 22 19 RMS 43 5124 2.20 m . 2.32 m . 2.03
m. SCHR[14]PEA T Xiaomi 8 FHLA» B 75 #5245 A
AT WU PPP [ PR 45 R R #
A PPPWSIUG I EIRZAEAR AL R34 T7 1 |
) RMS 4351 4.1 em . 21.8 cm 1 11.0 cm, {H Y&
SN K G i TR A 3 hy X T8 & PPPL i T
PR EMiRZER PR E LK,

MAEMR FERE TR - MEXE T,
HRZHCR G A PR 153 800 2 7 PR 25 77
BR o B, A SCHUG R UL XU 4 8 F HL Hua-
wei Mate 20/30 , Xiaomi 8, X H 40 M H 5098 I 2
Bl —E&EHTFILPPPRY R EREH TR, TR
—#EE T Android °F & 1Y 5L B PPP 3, IF PEAL
Hoe ke

1 EEEFVLE PPPEFHEE

1.1 REEE
i 33 98 FH Android API i GNSS Clock 2§ |
GNSS Measurement 28, 7] L4 2k B B8 T ML A9 5
Iy GNSS WL AE , A3 45 Oh i | 28 8 AR A7 F 22 3% )
WLOAE . H AT, KA 58 RE THLAY GNSS H2 108
FAAR ML GPS (19 L1 B4 fi {5 5, D B8 fig Tl
4 Huawei Mate 20/30, Xiaomi 8/9 37 #f GPS.
Galileo F1 H 7 i K T T2 & 45 (quasi-zenith satel-
lite system, QZSS) i L1/E1. L5/E5 Ui 5E 17
XF TS PPP 5 R A 8 o7 B AL A > RS R R Al
ZAR A AR, 2 T AL o 4 3 O B R A 062
() 20 A DN AA , B K AT DAIH B R )2 SE R 5 )
(EERESEw RN R ERE Sk 3 G N | PSP
T BEF AL, GNSS Oh UL 1Y e 75 38 1) 450K
FL BTk, T S M A RS B L A,
XF T F ML PPP, A SCR R 22 3R A A,
B2 U N R
Po=p +cldt,—de +d.,—d,")+
T, + 1.+ e
Acoir =+ c(dt,—de)+ A, (6,,— 6, +
N D)+ T, — 1L, + &,
(1)
K, Py g 43 0l Sy RS BR B R0 488 I AH 57 08 00
i ;0 Fmuh r 2 TR s W JLATHE B 5 c OB TE &
75 W R AL 16 R 5 de, AN de ) Sk B WL b 22 N
PRSI jdy R d, Gy 0] PR IR 7R TR i A
P WL s A BF 7 SE R 5 T O R JR SER 1, O L1

AR R LS 2 AE R 5 N AR SRR B 500 N6,
3 591 Ry 28 I AH A A TR ity R AL L ity 19 {7 iE
R0 LB WA e A S 00 3R D R
FRURE A7 000 A 0 i M 7 22 B AR DL SR B A AL
MR 25 B
XFF L1/E1,L5/E5a XU PPP, 5% F XA T6
HL S 2 A AR ULy R
Py =aP,, — P, ;=
ortoeldt,—de +d,w—di’)+ T+ e
A @hp = QA - @)y — 13/15 O
i+ c(de,— de)+ A (0,0 — 0" +
N+ T4 &

(2)
A,

Kok
Pt EE W
Proe @i 2390 0 fi L 3R B JE L B R (fono-
sphere-free , IF ) 25 A £ I F0 AR A7 WL {H

TR 22 40 By 1, 38 5 B B GNSS ik 55 241 241
(International GNSS Service, IGS) 5% i #& & 19 1k
4% [a] 2 3k (state space representation, SSR) {5 B
AR R B DD BUIE Fph 22 o X TR PPP b Y
HL B 2 A R 5% 22, R FH TR 1Y) 4 3K P 2 A T A
RUFEATBOIE , RS BE 295 0.3 mo X )2 48 3R
A3 10 % JH % W B 58 5 (Saastamoinen ) 755 81 9 0E
M 53 2 B 2 B AT A I . B Ol I Y 6 1 A
IR A 2 AT B 422 W B 2 WA, T T B2 s ) R A7) S
IR 2 AT WEROR B2 2 B0, AR PPP T o5 A B
AT TS R A A SEE 3R g 25
1.2 FEHEER

TE GNSS Bdls ab #ieh 5 I BEHLAE B A T2
B B AR F MR LU Ay 22 4 s A TR A
T 05 25 4 i Ak T Y B LA AL S PR A 2%
TG 1 JE SE A PPP B R o A5 MR L 2 i A 5
T nY AR bR 2 — , HoE O HEEUE S R
Ty 2 5 B WOHL MR 75 1) D) 320 %5 B Y LU (B . SOk
[3JUESE TR e TR 225k 22 5 TR M
155 K0 G, (0 55 05 M s AH OG0 R L, £l R A Mg
Fb 55 50 B RE S B T WL GNSS UL B B 45 AET
{7 M LL B AL TR AT R R

C/N,
c=Vat+bx10 1 (4)

Ao, o I M RS R] Ol R AR 22 T B AR
C/Ny 5 W LWL 5 a F1 6 R B A R85, nl AR
fE M L A e AR 22 # (D LA B8 . X FAMHE
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AT ML GNSS LI AR, I 28 Ik AH 7 Y IR 22
SRR/ H AT mm E em G4 (8] T O BE W
B 1Y MR P KT 2 S K 3K gl X g kT AL
TTHJehrE . 2 10 Xiaomi 8 fl Huawei Mate 20
& FR G LA LS R 1 BEDLAL R R

%1 Xiaomi 8 #1 Huawei Mate 20 9 FE #1155
BERY
Tab.1 Fitting Coefficients of Stochastic Model for
Xiaomi 8 and Huawei Mate 20

) Xiaomi 8 Huawei Mate 20
EX Hfi

a/m? b/m*Hz a/m?® b/m*Hz
G L1 17.22 104.70? 10.42 249.86%
R L1 42.16 228.40% 72.78 513.817
E L1 17.25 75.90? 6.81 76.872
C L1 7.69 64.85% 3.10 117.567
J L1 4.17 68.582 8.08 88.60?
G L5 1.43 36.697 4.41 34.667
E L5 1.01 26.01% 2.12 35.982
J L5 1.06 27.65% 1.29 47.88%

H G RVELCH TR AR F GPS . GLONASS ., Galileo, BDS I
QZSS #4%;

1.3 FREEH

1 T4 B8 T ML H R AR BUDN AR AR I
DIFE = ROBURE 1 Ze PR AL R 28 T GNSS {7 5
R AR LR AL BE RN 22 AR T AT B 7 A AL 2
JE Bk, 7™ 5 e B E AL RS R o AR SR U
M5 bt 2 A as G B E S TR N B EE
JE A E WL 5 T S 5 R 25 55 7 TS B O R
L rh R 22, R Android APT A 4 it
F18 288 I R 7 B B2 IR 25 4 7R 2 8 (accumulated del-
ta range state, ADRS) Fl AH fi [Jj 7T 22 43 ¥ (time
difference carrier phase, TDCP ) £ #1437 J&] B ,
TARMIE 1R . BHOBERIT

1)k H ADRS H1 2 3% # 85 22 ¥ (M2 5 /Y
2 ) 5 2 PR 228 W EH 2 25 ) X 24 i D T AR A7
LB R AT B Bk A 20 0 . 24 ADRS B ARy 4
I, 287 AR AL B B 2R 5 Y 2 M A 25 /N T E
B 0.75 m B, Iy ok A J Bk, A5 J0DRE H AR i
opLil:

2) 18 U B bR a2 Sy JRL B B 0 A AR AL 08 I
T4 38 JJy 0 22 4y 1A
ADAp=A7p— c-Adr’' + ¢ Adt, + AT + Al + €,

(5)

AP, AN P oeE B2 o e la]l bR A
ATHTAT WA 2, % g5 /s 3 7 ik Al 1 2
AT A Ak i K ph 22 AR Ak

3) TSR 2% TR AR L WL I (L A 6 ) Bk 25 K A
PR 25 o A B R B Bk 25 B A TP iR 22
I B (L, DU IA A e R B i ke 2 1 UL A
Az Ak 8 O B e R AT B/ RS B
B AT B 560 I B 25 A0/ T UE B

4) 15 B8 25 i 3 7T T8 J Bk B R A UL 2R
Doy A BRI R LR 2) MEER3) B
Z 455

e U B R f/ TR 2 ML 25 B iE
B, 24 A kLI A A A e OUL I (E AY 1/ 3 1), AR
2 3 76 28 0 V5 TR T B A LD R B . AL, X
T A AL 3 O 28 53 O B, 2 % 2 e/ 3K
IR fie RBR 22 I, WA A Jo) e #8002 e

| kb |
T
2L ) 5 ADRS
IS R
ﬁ~ﬁmm SR W TG
e 0y I v L
T
| s k—————j
T
PREBOIL G IRTEY | (SRR IR K S A2 1)
BRI REG, | SO FbR ik B
&
7 o <TE0, <T7 & b 12
i S onl3 R
T i
AT TR B —
AL e | | sk |

Bl HEA ADRS 1 TDCP iy J Bk 4 it 72
Fig.1 Flowchat of Cycle Slip Detection Combined with
ADRS and TDCP
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21 FEREER

Android J&— 3K 3= BT [n] £ 3l 2 v 1) IR 45
ERG K ZRT Linux 8 1E R4, ZHFEEH
B F 3K 3l F &, Wk 5 22 o0 Ak 04 4 T B RN JC £
fBIhRe, ;T ZHF& XL EF . Android R4
(1) 2 BLARHG 43y 4 )2, VR AT B 43 51 2 Linux W%
2 .C/CH+ A M R 5 E I Android 38 17 B 37 5% |
NHARRFFHESR)Z N H P Z . 7EIR)Z 1) Linux
W # )2 ¥, Android L) #E 4 #L ( Android run time,
ART) #E 3 Fe 298 HIK )2 B9 Linux N A% PAAT
Ao MRS B A REE I RE 18 A SRR,
BZE WS AR RZE . 4 ERE RV
25 WE 1 J2 B, 3R GE 2 Ol i B 4 i R AH R A A
He, 5522 0 RS EM Android s 70, R E
BEAR T B M 4 N P AE SR 2 R A Z T VR
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Android iz 17 i} U 42 15 420 2 1 AR, B I A i2
o34 A i ART 5261, ART 19 EZ I 5B
L 455 T 44 15 R B I 5 I A 1Y D [l 9k
SCHFAE . B3R NN R T AESR )R R T 4
FhIEACH) APL, B 4 Activity . Service . Notification
SEA A, T N S — SE SR T i, B
WA g BRI & B2 b Android B JH R
2, H A HE Android JiAE B DL RS = 5 R
FH R FF 5 09 0 AR 2 4%

Android £ 4t 19 H J 4% 1 (user interface,, UT)
2 i Java i 5 #EAT B 09 TR E N R AT
C/CH+iETF . BMIF LB LLFE 5454 Java
WEEFS FFERBERUNC/C++HIEF IR
B FE BT RORE R, 28 TR R A 4l
Hi Java 15 &5 5, e A B9 PPP S35 46 1 C/
CHHIBFEME ., B Java AR &0, i Ja-
vafll C/C++ %5 M2y o] LU B R o R,
I % Bl 5 Bl E Android Java #1 C i) JF & B 5E
HARWE

D) Java ¥ & T HAERE

Java JF % T. H.AU (Java development kit, JDK)
& Java FF R B0, B Javais {7308 Java T B
£ Java JERIE FEAG R, S BT e B Sl T AR
I & BB IF & T B . 78 Windows R 4¢ - i
T &, i & JDK M) R G IR B A &, FLfC &
WNE 2H7 /R o 165 M IDK Bt & )5 , 4k 2 % 4% An-
droid % B FF & ¥ 5% (integrated development envi-
ronment, IDE) , # - JF % . Jil ) IDE & Android
Studio 3.3 fiAs .

#2 Windows FEHR DKM RGEHRETERE
Tab.2 System Environment Variable Configuration of
JDK in Windows

Ry AR e N 2%
JAVA_HOME TDK 4% Hb % 4% Bk 4%
%JAVA_HOME % \lib\dt.jar; W JAVA _
CLASSPATH
HOME % \lib\tools.jar
Puth %JAVA _HOME % \bin; % JAVA_HOME %
at
\jre\bin
2)Android 7 & T. LA Bt &

Android # 1 FF & T. B AL (software develop-
ment kit, SDK) J& JF % Android B f 2 % 19 T. 2
8 HON I R E AL T XN & BRI R A
. Android SDK 44 #& Android ART Hl Android
k& T H 4 4+ (Android development tools,

ADT) Lh J— 2635 & # 3 v FH #2 )% £ (Android
application package, APK) ] f1 | ART 4 # i) T.
H . Android Studio B9 i% & ¥ Wi 2 &% £ Android
SDK 9 T 2% vt 1 , AR 4k N H] I & Jr o 228 3 1E 1Y)
APIAF 9 BEFRBC B XN ) SDK - &, il 4n A< SCR
) J& Android 9CAPI 28) i SDK WA .

T B C/C++ 5 Java 2 )7 19 &8
B, 65 B — B B E Android A P & T HAR
(native development kit, NDK) , NDK 47 & Pt 3 F-
K C/CH+ 2 5 e Fofs HoA I 4T 8] APK
By T.H . NDK A L #F Android Studio H 4 19
Android SDK Manager #47 B 3 F 2 fIf & -
22 EEPPPERMETERE

T %2 698 B8 T HLSE i PPP H {3 R ey 5
TAERE P 2 iR, £ R 3 —H
JAZH UL ST A ER SRS 09 1% i BF s 6 Ik 55
ZH UTAL 4G H P BC 45 R s B g s &
BT = B o B ek DA 2 W= A D WS &4 & i |
WAL o A1 ER ES A T 1 A% % &8 43 42 4% NTRIP (net-
worked transport of RTCM via internet protocol)
& % B9 RTCM (radio technical commission for
maritime services) 4 =X ] 2 [ Fl SSR BUIE %k
36 LA K ) Android B FHHE 28 APT 3R 44 9 GNSS
S 4, X T B4 PPP g 47, AT 5T 2R
Y 4 3ok HEL S 2 A I AR

& 2 08 e TF-HLSE I PPP #KF Y 2844 K T AE
JRHRL 2160 i 2R AE R 1 &k A PPPRIEI G &
ik 55 43, H 32 %40 56 RTCM % = 1) s i if
A7 Mt B, R 35 A5 108 00 0 K5 4 A T A R 4 0L
A, -4 BCHE b PHAZ O ik 550 00 60 B R 1 25 UT 3¢
1, U AR M APT SR A A6 45 S ) b & AT
AL

(/e |zi';m~:m| Ii’ﬂ(%}fa:idfrkl |Lm:|wu;~|
I

| S UL |
i3] | 4t
__________ ~
NTRIP| 2 NTRIP | | D) IRTOM g \
R Tl i [ SSREH i Tl || s
| — &1}% T2
o) | g | | 2052 11
| e | ik [ LG

— s —

| Android 5 HAGNSS VLI APT |

El 2 B RETFHLILI PPP R i 4 by B T4 S B
Fig.2 Flowchart and Basic Principle of Smartphone
Real-Time PPP Software
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3 FHEMKXESERSWN

31 WHERHR

A SR 3 FOBUM A fig T #L Xiaomi 8 Hua-
wei Mate 20 \Huawei Mate 30 #F47 525643 #1 . %3
S5 T IK 3T LT HE AR GNSS itk i A5 25 Al
KA BB . Hod, Xiaomi 8 5 3% (1) 2 18 1 23 ]

AR B BCM47755 0t i 41, 1 Huawei Mate 20/
S0HEMET WA EMEMNIEES 4, 3
AT O fiE B BE 4 GNSS &2 J& |, I HRE7E GPS.,
Galileo,QZSS B JE b 42 fi L1/1.5 M 58 1) U4 WL
WA . AN 3 FHIMANERECEBIH T
duty cycle HLHI , fo 9 it 3% 22 B9 R 09 A A2 WL
MAE .

x3 BEREFINENGNSSERESKEE
Tab.3 Type and Configuration of GNSS Chip Built in Smartphones

FHLER NN IRiRE AL LIBUR R 5 AL LS R R G duty cycle HLil

Xiaomi 8 BCM47755 G/R/C/E/] G/E/] Jc
Huawei Mate 20 i3 5Wyay G/R/C/E/] G/E/] &
Huawei Mate 30 35Ny G/R/C/E/] G/E/] &

¥ :G.R.C.EMIHALE GPS .GLONASS .BDS . Galileo fl QZSS % 4t

S H S B 30 25 09 J7 205 Uk 5 09 R
P O R S S 56 Y GNSS AU R S 3 Sl 3
JR o S AR T A6 4 sRBU T B 50 0 KRk
BRI, 5256 F ML~ Xiaomi 8 Fil Huawei Mate 20, jill
I FAHLEmE FEE TR A . fETHLE
B A NovAtel-704-WB K £k, H 3% 4% 1) & Sep-
tentrio PolaRx 5S il #y B B2 U ML, T3 H 5 FHLAY
bR S HAH . W5 FHLE NovAtel K4 2
O =5 S i B, JF E A7 1 AH N 09 BE B 0IE . e,
TET- BB AT A W0 00 B b B A LN s, HC R FH A 2
Trimble Zephyr 3 K4k , 4% W HL 25 5 2 Septentrio
PolaRx 5, HAE Jfy He il | ol 0y 47 B A5 8 2 A0 .
SCH B R T A 1T R R X R T, S5
FHL M Xiaomi 8 Fl Huawei Mate 30, ¥ &5 F-#HL IE
TR R T R S ) I B R 4 h SR
N1 Hz,

Xiaomi 8

"""" . ate 2
NovAtel antenna
Trimble antenna

(a) SEIEA (b) LB
3 TUCHT A SE 50 Y T HILA Jm SOU ) B 455
Fig.3 Smartphones Layout and Observation Environment

of Two Static Experiments

32 DEFHMESH

&4 AL S 3 00 45 T PR RS 5 A R AL
FE L1 ANLS 3 Be e WLy 21 i) T2 k. 528 A
Xiaomi 8 Al Huawei Mate 20 X L1 % Bt 19 3 44 7]

UL BBy 5 Ay 33 WA 27 5, B /0 F W) s B )
o UL Septentrio I ) T3 A ¥, X F L5
By TLAEMIE S, B TR LSES M DREAY
B b, I Huawei Mate 20 Al Xiaomi 8 7E L5
e BT BRI ) - 2 TR B0 AR 14 SR 8 L
SCY A FISE RS B YR 7E L1 B, Huawei Mate
F 5 FHLLE Xiaomi 8 i F 2 WL T2 % £ 5~8
W, A LS P B 738 TR 4~5

50
40
iy
A
= 30
= M‘wﬂ
20
274 276 278 280 282 284
GPSJA#6/10° s
(a) L1PE B
20
® 15
iy
A
210
=

274 276 278 2.80 2.82 2.84

GPSHIF/10s

(b) L5 B¢
=Septentriof ZHL  mHuawei Mate 20 =Xiaomi 8
P4 Segh A FHUEER 9 L1 I B L5 S Bery
CIEEN=EY '
Fig.4 Visible Satellite Numbers of .1 and L5 Bands

Tracked by Smartphones in Experiment A

3.3 BIIEWMPPPER
& 6~8 45 T 3 41 WUS A1 BB PPP 53451, £
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F5 0T T A (Sat) & K B2 - (position dilu-
tion of precision, PDOP) Fl 2& {37 1% 22 i 5, X h
M ENNE Gt 3R 4 o o WK 6~8 AR HE &
B, B PPP A] A TR B . 2 T XU PPP,
H X85 PDOP (W A1 X5 B /1N s PPP 5E o7 1% 22 B¢
M b 5 IR RE ) SR AR N I TR AR R i

60

m Huawei Mate 30 = Xiaomi 8

50
§40
= 30

050 475 480 ass 490
GPSJF/10%s
(a) L13BE
20 ) T
m Huawei Mate 30 = Xiaomi 8
& 15
ey
F_]
= 10
= _|_\.|—|—\_
5
0
470 475 480 485 490
GPSJF/10%s
(b) L5 B
F5  SC8GBHFHLERER ) L1k B L5 ik Be i
EIE MRS

Fig.5 Visible Satellite Numbers of L1 and L5 Bands
Tracked by Smartphones in Experiment B

i T IE) IR B L1 LS UM 5 5 89 TR AL
LT I A S o S O U A - il
PPP. LASZH A b i Xiaomi 8 F-AL A ], H: 4
OB PPP - 181 J7 1) SR 1 m AP ) 5F [ 43 J31)
1700 s F13 000 s 2247 o 1M TE A BE J7 T, AL
A5 PPP (1) 45 542 W B AR T B4 PPP , WSS XS I
HU PPPAEAR (At VK5 1) b Y 5E 137 1% 22 RMS 43
51 0.36 m.0.28 m.0.16 m Al 0.46 m.0.56 m.
2.04 m,

X SR 4 BT, S5 5 B P Xiaomi 8 XA
PPP USSR , Ho 78 b VK 34T 1 A9 bk o 22 (stan-
dard deviation, STD) 7F 0.2 m Z& 47, 45 A1 %W 45
PPP (1) A6 b5 1 52 VA S, WS ) #4976 1 500 s A2
Fi o X T Huawei Mate 30, R4 HOUL I 21 i) T AL
B I B £ F Xiaomi 8, {H H I F g 55 69 T 1 1L
AEEOE Y, F R & Huawel Mate 30 78 i & 5
Ml SR TR Z EAMZE MR DA, Wik,
Huawei Mate 30 555 F1 XS PPP Y 5 &2 M A B2
o 2%, HOC SR i ) b A K o

f5 BB 2% 2021 4E7 H
8 T —
3 E [ PN
E 4 :
K
iz{
w4
_8 i i i i
0 1000 2000 3000 4000
it
(a) XUBIPPPE 7 15 75
15 - ~ - 12
= *PDOP eSat
T 1) — 8
m e = 3
= s : 4 =
=4 aAc |
H H i H 0
0 1000 2000 3000 4000
it
(b) AUHPPPH] H] L} 5 X PDOP
: : ofi et oK
g i i
K
i:_]
1
,8 i " i i
0 1000 2000 3000 4000
it

(c) HUATPPPE v 4 25

» 20 i i “PDOP eSat 12
,]:\H 15 L ..-. - ... “- —-_4 - .v i - seme - ae .
=
i3
=
0 1000 2000 3000 4000
it

(d) L ARPPP AT ] T PDOP

Bl6  ScHe A Xiaomi 8 XU LIS PPP FY RE i 1R 2% |
A TR B PDOP
Fig.6 Positioning Error, Available Satellites and
PDOP of Xiaomi 8 Under Dual-Frequency PPP and
Single-Frequency PPP in Experiment A

34 EIME5ERFEPPPER

Tl R RO R S PPP — iR T
2 1) I3 5 e 2 BRI R DA B T A ) R A AR
B . 5 AL PPP(H5 )5 PPP) U AT AR
LIRS L DD RORS 5 ph 22 DA R S F B SR A
DLAE = PPP e LA FE o A5 LLSRLAS PPP S 441, Xof
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Realization and Precision Analysis of Real-Time Precise Point Positioning
with Android Smartphones

GUO Fei' WU Weiwang' ZHANG Xiaohong' LIU Wanke'
1 School of Geodesy and Geomatics, Wuhan University, Wuhan 430079, China

Abstract: Objectives: With the popularization of smartphones and the evolution of global navigation satel-
lite systems (GNSS), navigation contributes as an indispensable function for smartphones, and the demand
of high-precision positioning for mass-market smartphones is becoming higher. From 2016, developers can
obtain GNSS raw observations through Google Android application programming interface (API). Android
9.0 and above versions, provide the option to turn off the duty cycle, which makes it possible for smart-
phones to conduct precise point positioning (PPP). Methods: This paper conducts quality analysis of the
GNSS observations for several common-used dual-frequency smartphones, Huawei Mate 20/30 and Xiao-
mi 8, and propose a set of quality control schemes that is suitable for smartphone PPP. Gross errors can be
removed by data detection according to satellite elevation, signal-to-noise ratio, pre-residuals, etc., while
cycle slips can be detected by the accumulated delta range state (ADRS) identifiers as well as the time differ-
ence carrier phase (TDCP) observations. A real-time PPP application based on Android platform was devel-
oped. It supports for singe- and dual-frequency, real-time and post-processing PPP. To verify the perfor-
mance of PPP with smartphones, several field experiments were performed with different smartphones in
different scenarios. Results: Field results show that: (1) The pseudorange quality of Xiaomi 8 and Huawei

Mate 20 are similar, while the carrier phase quality of Huawei Mate 20/30 is significantly worse than Xiao-
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mi 8. (2) The ADRS identifier of Xiaomi 8 can better identify the cycle slip, while it is difficult for Huawei
Mate 20/30 to directly determine the cycle slips through the ADRS identifier. By combining the ADRS and
TDCP can detect most of cycle slips. (3) The positioning accuracy of single-frequency PPP for Xiaomi 8
and Huawei Mate 20/30 reach 0.5-0.6 m in horizontal, and 1.0-2.0 m in vertical. The positioning accuracy
of dual-frequency PPP is better than that of single-frequency PPP after convergence, especially in the verti-
cal direction. (4) For the real-time and post-processing PPP, they both have a similar positioning accuracy
in the horizontal components, while the positioning accuracy of post-processing PPP in the vertical direc-
tion is higher than that of real-time PPP by 20%-40% . Conclusions: An accuracy of a few decimeters can
be achieved for real-time PPP with Android smartphones. Different from geodetic GNSS receivers, the
widely-used smartphones use low-cost linearly-polarized antennas. In addition, smartphones are often used
in urban complex scenarios, thus the GNSS data they collect have more gross errors, cycle slips and mul-
tipath effects. Further study should focus on the multipath mitigation, multi-frequency and multi-GNSS
combination, and fusion with other sensors such as gyroscopes, magnetometers, barometers, bluetooth,
Wi-Fi, etc. to realize continuous and seamless positioning both indoor and outdoor.

Key words: Android smartphones; precise point positioning; stochastic model; quality control; precision

analysis
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