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droid mobile devices are presented in this paper. The cameras and inertial motion sensors equipped
on mobile devices enable us to develop practical mobile applications by applying simultaneous
localization and mapping technology. Currently, the development kits provided by major technol-
ogy giants have accelerated the process of AR application development. By utilizing the develop-
ment kits of Amap Open Platform and Google ARCore, this application can guide users to the loca-
tion of advertising virtual objects on the map based on the location set by the product seller. After
the users arrive near the location, virtual objects are displayed in augmented reality style for users
to click to retrieve. The users who obtained the digital discount vouchers can then purchase dis-
counted products with those vouchers. As a result, the effect of product promotion has been achieved.
This study mainly explores the application of Amap Map and Google ARCore APIs on mobile devices.
In addition to focusing on reviewing Amap’s map positioning and Google ARCore technology, we also
integrate and utilize their development Kits, combining map positioning and augmented reality tech-
nology, to design and develop a product-promoting application in AR style, providing a front-end
for product sales that combines online and offline, real and virtual product promotion.
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1. 518

HALRE A FLE 1996 FEHEH T O RFE04) Brik)E, BERITEHE RS T E T AR 44[1].
H5RILL (Augmented Reality, AR)AHSSEI AR HBL, b5 T4 DL—Fh i it 5 sUNShi8 8 1 Bk S
MTHIGE . AR BRI HTHENL. 1T3h2E 55 LI ME 34 B4 (Inertial Motion Unit, IMU) &
]2 52 fir. 5 % 8] (Simultaneous Localization and Mapping, SLAM)Z: 3 R T-BL, 4R R 5 I Se R 8515 B
BNENF— A2 E . B B R G A B MR R S LSS IR R SR R T 4 (S B
XFFF, AR AR R T ISEIAEE o [2] . FESEEUE RIS A AR R, R UG 3 2 5E 5 M A B
FIHARLE b, XA FE T R AR A KB PR R G a] I, 5o F P 28 B J Sk [3]. Bl
HRHEIAW KR, RIS HRTEAR S H a8 oA M [FIEF, 0 7E AN 2R N 21 A 35 v i AN ek, 451
W)LE R SR RFEEMAN LS BRERE . R TAE T, 3858504 R B8 5 U W R
KRR BE SRR, EEM. RS ERTE ATIEAT, PR T 85 XU DS R e e RS H 1) s
AN 4]

M 1956 4F 1 E S5 S0 « k% (Morton Heilig) JF & H %A Sensorama [ EE LB L (Virtual Reality,
VRWLEF LK, 4l VR BRI g, 51k T AR 53 35 (Mediated Reality, MR)FFI#F 7t #4
e T VR BRI P2 SIS RS R, RS B ., #E AR A P T LA
B RETEH LA B O AR R, 52 EH . M MR WG RT3, EBLSLyEgE 4,
RENEMASE S H A EREMAREP R, LA ERLSENRMENAR TS /ELH, =
T B IRAR AR S MATEAN IR S, IR T HARRI I, 1& A 1E T N B AR 1)
REFE .

AR, AR BARKBIEHME, JLHENSI AR IREMHEHG, 4153 AR BRI . HRE3%E
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FEUB AR B 2017 ERATH CHPPZR I H X3 15 ), AR HARES: AR B ik 5o AR 20 H AU
MHAR, REBEAEE LRSI, BN AR ARG E WG H BRI E R, Feil 2R
W E SR R RS 2 —[5]. FE AR PR RARECT HAME DB, HR AT LR FRRGE,
WA EREANTISM R, ERHAIFRFEI7H, P& EMH4% 4. aE ER DuMix AR A
EHIEF &, HAM AR Engine FRF & . 75 AR BEMFTH, WAL, Soir, S a. iR
AR BB AR SN AR BB I K. BN D RIMG, (HRTE b aE A ek 5 v
RIFRFE T C RS EPRES JI[6]. AR BURTZ M EBURAL L E Y KERER LSS, EBBDLZA 2
BURERI RIS, AFAEBK IR B )R BF i S W, e BRI S [7]. A, HATH AR R
CRENH S T BT "B @58, SBnMLE S RBonh s T TAE[8], ¥ i HAER 5 s A74H L
PE B, TRAEHAS WS RO

AW s F kK 5 459 5k ARcore AP, 4 LL Node.js “F- & #5 L Express W TN FH AR 25 HE 22 ffr 72 B 1
) i v 2 BIUIR 25 4% 7% (Representational State Transfer, REST) =X () 5 4 #2142 1 (Application Programming
Interface, API), LL Android Studio 5 Visual Studio Code JyJT % T E., JF&H AR FdhHE N . FEH
s B 5 5 0 ARCore FEARER BN E G RHT B 1 AU s 1 R e AL S A
ARCore Hi AR AL, TREEEIZ FHHHIF R EAM:, d5a e SRR, Wit I3Fr kR —K AR 2R dn
HESTRLHT, AT A IR A — AN S A2 BAN . BISE S R AUL I R ah A E .

2. HXEAR
21 EREMRGSHIBEERS

L BRENL £ %5 (Global Positioning System, GPS)if i 7 [7]— i [a] 8z 3 A~ LL B NiE TR WS, #E i if
SHRES SN TEMEEULSE N TEMME, #HERHEBERER B E . GPS JHFtn e ks
BE, PEAGTR bR A BORS B 22 9 Rl 1 (Position Dilution of Precision, PDOP) 5 i /" 252035 % (User Equivalent
Range Error, UERE), HZFEfi PR, BEREPIESZ . NSERMEZE. Biongs 5 2 w250
Fm[9]. H— T, HEEE S R4 (Geographic Information System, GIS) & Bt i 5HHL, 1 HEH EE 20
Bl , TRRGBEIMZEHE P, JRE IR b, BEATERAE. SR, T SRTAL, DR BRI AL TR
WL SRR B, EEMAREEFSELMELWEH. 46 2%, R THESHRMHNKRE.

=EME

e A (Amap) 2 [ A B AR PR B S0 P2 — o mr i B RE S AT 2 ke B AE DL S s A B
R BLE, 7 AR T CE 6 SR, AT R RELMRS A IS ] . AT SR,
FCAAE IS B N I A B BEAIE[10]. 7E Android FFARSCHRRAY, it B HCE 6424t Android Hi A
Android &k HLE . Android 5Ef7. Android F#ji Android 5 8 5 8 K E A4 (Software Development
Kit, SDK). 7E /51 (Web)dii JF & SCREER Gy, b B TR Cr & MR AT Web %% J5 18 Ik 55 590 k5%
1 APL. s T TACF 6 1) Android 3] SDK 2 — &I KT R R, SR ASMBEEIR.
el 5 L e P 2 ) MR A R R G D 5 B A I S5 T g, $243 com.amap.api.maps . com.amap.api.map2d
15 com.amap.api.services 3 MEF L, 4t 3D REHE BN S B4 MK MR B8 578 S 4
il A KOR A 2R AR AT B W S Y S5 IR 5% . ARSI FUR H A BT O & BT AL API
SEHLH P 5 R E YR PR RE ) B2 AL D) g -

2.2. HEsEINSE

1523 52 (Augmented Reality, AR)/Z K REAIU(E B BN FLS SR AR BB — Fh i KB L4 5
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YRR, AR ST AU S AR R AR . B SIS A I R A AT Bh e iR B e
EEA B R R TR AR B B, DUE 2L 25 (Pose)vE Y (Render) SR 3B indeEmii ., PAZEARSE_FoK g
FAT: S IIAE 2 B B Sk Pt 2 A B i 17 B i) 07 2, SR SISt S M o . 1Y SR S P BRIl il ST AE
FEXNEAFAE. {7m(Orientation) &2 RBRHIERBHIRE /) ., £ Smith 5 Cheeseman T~ 1986 #2
H S TR S P R R S A 7742 G [11], SLAM 5 IMU FTRIIRFFS, 52 BHok i 1 E .

[ RSB }—[ ARG LA T }-[Eﬁﬂ?ﬁ%‘ﬁ%{t }-‘ e
A
PER I

Figure 1. Diagram of the architecture of visual SLAM system
Bl 1. 5 SLAM RG34 E

AR OB IR L NG E 1 SLAM 5 IMU. SLAM ZEfR U] 1] 8 FE A S I IR 515
BN, HEFSH SIS, FEshidfEr @ ssial, FEbdgsr s 8 i@ shifbit. i
ok, BT IFENSEEAR IR, P SLAM BN AR R I in) # i 22 2 — . M5t SLAM FIEEAR
Bk A RS B RIS BLAR T (Visual Odometry, VO). JE it AELREEDLAL . [RIFAKIN 5 2 K] 5 Mtk
Pl a[12]. 0l 1. AL AR b B A 526 IMU BT R 2 R AT A B 2 BT AL BE . VO it &
IMU 5 AR S H0d 5 B, Al AE 48 B 8] e 3 g 57 = i b ] o 5 o A A BB AT B ik S5 AL
PR 2, BARIREMLS. WA B A BRI, THERE RS R B g A b, R
B2 5 2 i At R 5. g BRI A T L IR R R, BRI, fERE SN AR Y,
T DR B M P ST R IR B i . 235K ARCore At A2 JE T SLAM HR KB S SERE, AT h%E B AT
i AR BT R 613

ARCore

ARCore 4 #5/y Google Play Services for AR, FIK 14T 2% B B0 H 5 Jil [ PR 58 ARG A7 B G &
H SRS BRb@E AR, R A PSR E A, FEiH A B S A B 55
FRIE AL . ARCore 3 B4 ) TAF & Bh4F R B¢ (Motion Tracking) . #1455 B fi# (Environmental Understanding)
L e Bl TH(Light Estimation). shfEERESET SLAM HiAR, MAHNLATIS G h 3k HARE T, DAtk B &
PLE M, FLUN IMU Bl #5024, st e B85 ILL A0 55, b B a8 DAIE A (112 40
KIESEI, JEE LS IMTEMNLT G o 5T AR 8 AR RFIE SR AN 58 2% B AT 75 A58 I 5080
DARE I ST . A SRS A 5 B, FBhEmi i L iE e A B SRS EM AR . 6T Al
PRI BRSO 2e 264, WelRas i K, A TE G B A M EDCR S R & B .

ARCore APl F1 1% 0414445 4515 (Session). . (Point). 5z (Point Cloud). “FTfi(Plane). %&#%5(Pose).
i /5 (Anchor). 5 AIHL(Camera)%. 417 ARCore APl #AEI#EN £, ARCore I\ TG AR ke, BIZ)
PERRER . MIEEME S EIRAG T, #AE UG EEAT . AU MAIVLEAAR BT R RO A, s s R e —
e = YEAL 5 IRFAE ST AT A, M TE R ARCore FHSRERMRIASE AR . P12 i A b il 2 3R
R RE TR, RVFZ AR MRS . I 2 R B SO AR, P A] Dok 3 B E
R, FEIIEE R a7 DL 3T b A R A 26 B A bR 2 ) B PRS0 A bR 23 ) () i 4, 385X
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B, TS B (R A0 28 A Bt PR b Rl 0 IE A S o i ST IR B AR AR A (1 1 AN s, AT
¥ KB SO S AE IR BT AL AR, AR IR BT T R AT B S A . LI I S AT 5 R LA B 11 2[RI 0
S, FEFPTE R RS0 R G A, R T BLSE S kA I E T . ARCore API FEEAEIR
TR N 2AE A, H U2 Bl 415 (Session), % OpenGL [ #L K (GLSurfaceView). 1£4m 5 F
A= JE A (life cycle) 5 M\ 21 B AH RS (sl T TE e 48) 5, BB IR IR 21 RS B0, E&AFF
WEFETTVEN, HATAHRLDIRERAE . W 2 PR, KETTRERSERPRE, A6 RRRE T nigiT
ff1#%:1%, onResume. onPause. onDestroyView JI>A Android 5% F ZH 44 ) A= i & 391 [0 8 7 v

onResume onPause  onDestroyView
HEHNE
WIREH
REES T T
(iﬁi%ﬁ'zﬁ?ﬁH fliRRiE 1—» REERE | L, o e | S
E— EEER T
/O
BEBHAIBE -
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i
ft
=

REATE J

p=

Figure 2. Diagram of the lifecycle of a session
E 2. &% GEEE

23 KGES5HEEHRE

AN ZEE N 5 R A B A EE B, DA A O R R AR . WSS R
RCPE B A R RS, B2 IE 2 A 3 (Haversine Formula) 5 3¢ 2k #% 2 2 (Vincenty Formula), b #k
FHARPETRE R R, BRI S . BIRYE Android FIHLEI S0 E K API FEdr, R EVEARA L
B, (BEFHLLE, HEBTLHEE, REEMETHT TR, A5 R HLBE 5 1E R A =k
S SR, FERARWA():

Lat2-Latl Lng2-Lngl
S= 2-a1rcsin{\/sin2 (M}COS(Latl)xcoS(LatZ)xsin2 (wn.esml?ﬂ @

2

Hodr, S HHEFEMIEE, Lngl 5 Lng2 NS4, 1 Latl 5 Lat2 M)A — S K46 2, 6378.137 N
FHEREAR, AT K.

3. AR NAME5H%

ARFLE B SR AR B IE P IERNM . e EEB TN A EAEME
Wk 5 i 554 4 DNBRELBTAL R Wnlsl 3. RGEMIBETHEE R H BL Android LN FH 3 3 90 %4 12 2 AR 55
& RBUEFEE IR RIE)EME S5E S, KB EIRIE B A BN G, AN AR XS
WO R, FRl 2] RIPTIOE 256, @Il FHGC R, )R SR e AT Android
FHLI R R Ao

3.1 BRI
N T T ERBER, AWETERRYE 10 A7 FHUR T A B 1 S48 5 A5 R R BORCR 4 H 0 216 A2
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Figure 3. Diagram of the system designing concept

B 3. RggitiiaE

Table 1. Table of the functional needs for the application
=1 MAThEEEkF*

R ThRedE R AR
o o Bloet Ak = o 3
it b i
e AR HE FhRR %?AR%%*%E%&EE%@%
AR FHUEE BELEH T E AR B8 S BUR 5
BEEE BT B R RELE A 5 A8 B R S R AT I 2 e
P 2% BRI A B RESR LI R R WAL 5HKER

3.2. RGit

RGBT AL TR AR TR RYE Bk 6 7K, T alsisia it ThRestit
5 F AT U .
3.2.1. B4t

AR KR DR FR R tR AL B AR . R T BRI S ML 4 MRS . AL E AR
T DT R DR A R R S B R R A AT, Lk P AT DR b B AT R S PR L, A A b R R
Fi(fragment) H KBl iR S S HUBREL 5T SBUA T REAE L T ORS00 AR T, HEBERAE AR B RSk
Blo MESEHARNTEINCFNEENEREENEENEL, HRELLZ 5 P ft gyt
B, WHRBSER IS WA el MR STUNN FHT Bl e, KETNMESER, LhmE
R, BEHARREERAE ] 55— T, TRARE 5 e A P bRt O SR RE, AEA FRR T
B b BRI 3 AN HEE 1 ANES(Activity) b, R BCER AR T A i AH, LlrbmEdy
X HJE s S AT B . RS A 4 R .
3.2.2. Thaeit

Android N JH¥cTHE 2 E P E AL bR R E . AR FEUER SEH T PUEFIT K. A0t
FEEL LA IR 3 NEEF TGS A A, 2 RIME 3 MR R SEBL P KRB S E AL AR IR S 5 R
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Figure 4. Architecture of the AR mobile application
& 4. AR BRI A ZRME

3 WIEFThRE. I S i A AR AR B i R A B, RSS2 IREIEE H AT AL E 5 FoKK
(R 5, e R A L AP, SR P A AR HR G I (9 R A 8 . 7E AR 5 Fy Hh UliE H ARCore
THE, WEHFA5EERAEE S, T8 KME, Gl Pose, FAJHE# Anchor, =
Anchor |, At RI ) H i 5 B i E] ARCore JREZFS 2 FAEEH G AL S, fr P BIGIE M M R,
BT R T R R )RR AL B B Ak, R T RS s R = M SRR . RIS AR
FRIN LA R AR B (RecyclerView) 2 ILH P B G- B B, FERRAE A3t B0 fh 1018 2 .

3.2.3. FmEEIH

A% R R S T BT HR TG 43 I Material Design it RSt 5N, BLRTHE . T8I, 5 TR0 544
N, B, O SEEAER TR, a2 87 FERE I AN KA ik 5
B o

EWHE SWEN BHEE

i EMEN
T

<3
BUEMER HER
EMRIR

Qunznuz . =08
o, & ToEn

ahe!
ggc;}}: ZMES
YOJilaizict
[y ]
(1 ) (2]
EWitE SMEY EitE IWEY HNEE EWHE SHEY BEE

Figure 5. User interface design
5. ARAm&It
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3.3. NFASEM

AR EL 1A Android FEBIALAREHL. TEVEBNE BN, BEAT L EARAIE SR, BT AR AR 4%
SENL. GPS JERL. M. INBEAX RS 56 S SRR #5828, MEER S 2
BAS ML RN B S5EE . #5480, WS TEAE, 50 B S T ReHE 52 BRI R R . ok,
T B AR 4 T R, JRZZE AMapLocationClient it % 11 F updatePrivacyShow()5 updatePrivacyAgree()
X 2 MREEAN NG BRI T, IR AN NG BRI VERI S0 . 7R3 s s, 2 7R S
(BottomNavigationView), FHRIIHL# F %5 #5 (NavHostFragment) fIT A Z 5 o

AR B 3 AN, FSRREA BHLE. AR 5% F BRI B . 32E R 2 5 00 2 1
PR, JLrb s Bl i A m A8 1T 3t B R (MapView) o REHBIEIRR IS S NG, BoE b B iR, 82
Sk(Camera) 48 iUf% %R, A7 B >R (Location Source). 15 5 & i Ao 28 5/ AR T 5, H Activate 7
%, WOE BRI, ARG RN ENL, FHAEALE A [E] i J7 2 (onLocationChange) H, T S M4 £ B Ar
B, IAFRR S (Marker) 515 8%, WitEP Rl e R A A, BoRF P S B R AL E . AR R FH 12
3D M, WLABEN 60 BT, ARELBNEE 18 4%, hIE Bt RORELEIR M HRTALE . feAbE St
BlAaTsezA, (ERH AR TP HOA R = a0k 2] AR B  ERET E 4 -5

i Ff ARCore API B 5aZittfiih - e B b T e 3 i hit 1Y) GooglePlayServices for AR SCRFfE, 0%
BUE AL BIAJE, Pl dr ., JE g3 5L 1 W52 # (observer) X %, HAERE Pl A WL S
B, AR MGE IR RS, AT RHRAE . 2 UhR RS IS B AL A B o b PR A5 45 I R
BFNEE, STEMPBBAL, @AW, EWEE RS ERRA, DU E SRS &5, B
F o R o A NAE,  TERE A B S 813 77725 (onDestroyView) i, iU 231G 0t S48 5%, AR
TR AR BE T R IS M R R IALAEE, 5 HETH PS4 R E, WS RS 5 AR
5560, FECAAE 28 Fh A 2 AR XS T85 5k (1) Pose X R, X ANN RAE L1 A% Y ARCore 4 5,
IR K R AR R s AL, Wtk ARCore fE R ZEFHUMNLEL BIIE 77 AL, FHEEEAESE S B
FiEP K. AR B ENT OpenGL KL E (GLSurfaceView), HEAREIEIAEH, 7EIH ke Sk
T #% (onTouchListener), fER 7 s BN MR I, B R A [0 75 ik b 47 2 15 A il ik 1) 5 e ksl (Ray
Casting), ilFH =BG Hpr S Rk =

WM iz H Android H1(1) RecyclerView sofk B/ O3 HUE E AR, sl 53R ITH 277 H
PIEAE, ORISR, RIS S U, 2 558 S B

4. BR5TVHE

AN H L Android Studio Y T B, 48 =K SDK 5453 ARCore SDK JF A& M . FoAI 181 B 2
BAE 5 AN SRR Android FALE, T RG22 Bl gEAT I, RIS AT AR a1 6 BT

FERFF RS MR b, FATRIL T JLAS 8, i R

1) MIAhEE R U Bl S, 2 8 S E e, T E B A AR e AT, 1 T S I A s A P
TR AL X, 3 Al RIS AR . ARl il i e B TR A B R AB IR, AN, B IE R
INETRHT, TEREHPE S 1 YO A se RS H TR E 2 BT, #tELE Android R4 H T, BUSH
RIPLE AR, A Reff ok bk )

2) ARCore 7E>1f BEIE ¥ FRER 2 BT, MAEEWLS () DhRe ik F . kil ARCore HE N IEH FRESIRES
g, A wZif s FHl, ik ARCore REUSAETE ZIAEHEE, HEMA GEAIN P, XXA AR A
ERAKRMHA NS, ARBEZHEN. XAE AR N3 [ I (1 0] 85, 0] B2 A T 5 2 B PR B A A
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LR T, (HIX A PRI B B R 8, A SRABLAS Ay 35 10 L FH itk At BEAR SE i, g
RERE RS AN ME /N FE DO AT PR S Bl F R AR S5, AN BN B R A e,
YA SRR T

3) MIAhHE U0 [l AR #EFr I, ARCore £ i TS TR0 AEE, Xk X [l 3 jr) & 2 fffot. H
A, 250K ARCore G HE#ENE BN b, b iG ANSER P #e M A h g a 58 AN, IXtxE (R
PUEBRARHARRE iy, HTEM B S FILA A KKK SRS S, b2 1EHISsh R A 2 . X
A G SRR T AT LR B R M TR TR, IR AR AR BERNR T .

4) FNIEREEPEM, AR R FORMUSE S, X RS A IR . AR AT A S R 5 8] 7T fig
MR AR, Xk P A R IR S 7T

5) )i, ARHIEARRBEQIERN M 3D BMY, F RGEVEHIZE, WAL AR fh B 1 2 AL

e

RS
15300 @ @ [ & ZHc)
£V S
ik d
§ f;smLezder EKgf%;EM;sg
RRSWHER | 2023.00-1681FATE
3‘0
Figure 6. The screen captures of the running application
E 6. NREBITEE
5. B4

AWFFTSEIL Tt Android FHLAE A ¥ AR 7 SR HETT R - B Android Studio 2y bl S & I T A,
FABC i B 5 72 ARCore [T R BT AR RIS TF R it SR F 2880 R 5 vl 257 xR 11
Jia, AR RER I ORI ST R RIS, IR M B A S, AR R FEUEE,
BASECA R EAEIE, FL S & i) g sh. AP mS, ST, @b ErEs S
A8k ARCore & IS ILSL M FEUEE, REED S AR SR EALH, B—FA—FM AR 1Y
YIRS . MR SEE TS, PR T AR KM BE, itm e R 58 ELS. AE
BRI m A B 54380 ARCore HiAR7ER sh B E IO 7 2, B 7 500 B 4 P s 4 S S R
ARCore FiARA;, IREEGIEHHFREMS, &EHERM S BIWEEA, Btk —% AR i b
HEJH) Android FAHLUSIH, AR M IR A — AN EE A48 AT ILSE S LR ) E .
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