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Abstract

Real-time location and three-dimensional reconstruction of the environment have become an in-
creasingly active research topic. Augmented reality wants to implement tracking, object recogni-
tion, data and virtual reality scenarios combining, they must be aware of accurate and reliable pose
estimation and around detailed 3D scenes. Compared to others such as Google for AR glasses and
other special equipments, smart phone, as the current most widely used equipment, real-time lo-
cating and mapping on smartphones become very important. In this case, based on orb-slam, one of
the most advanced monocular vision slam algorithms, the real-time location and 3D reconstruc-
tion on the smartphone platform are realized. The orb-slam algorithm is optimized for Android so
that applications can be real-time location and the effect of three-dimensional reconstruction, us-
ing the smartphone hardware in recent years. And it implements a semi-dense three-dimensional
reconstruction on the basis of ORB-SLAM, the contour information may be obtained in surround-
ings instead of sparse points on the map. The results of the applications got can be used for object
recognition and navigation as well as more meaningful and richer AR applications.
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1. 5]

METERETAUE NN & 2 E 2 —, EiiiE EEZ VR at AR (Augment Reality) D20 1) = 417
Sto fHJ2 AR N EARSCHLIRER, MRkl fThRe, BUO AR S R A =4t 5, 1 H BT 2R
YR B RAEAME R AR AR, BEREE RS PO g 1T 3 S T UAME IE . B ASRBUR R R B3 (5 B 5 24
HIAL B2 Be AL E S R o ST (L 246 B AR — ELVRBREN LS N B SLAM B3N AR
RIALET .

] 24 52 £z 28 P (Simultaneous  Localization and Mapping, f&ii#% SLAM)&5-H Randall Smith A1 Peter
Cheeseman 5 A\ T~ 1988 fF4& Hi[1], & F-4H THLA AL #l. SLAM 1] AR R AR A EREE i Al v # 3))
RN E, 5 IR AT F B = P4 55 1) = A )

2014 442 H1 1] ORB-SLAM %7%:(Oriented FAST and Rotated BRIEF SLAM, fifk ORB-SLAM) [2]7E
PTAM HJEEAE BN T FAERETII3], PIR[4], DARAE RHUASE N 1 22 A B 75V 5], DARGAE Be— A8 i)
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SLAM %%t. ORB-SLAM &4t 5/lk T PTAM FIFZAE, (HJ2H T ORB-SLAM 18R 3 THHE L, ATLA
MR I RS 30 5L P ] R

R ORB [FIWf#2 i EL#% SLAM %i% LSD-SLAM (Large-Scale Direct Monocular SLAM, fiij #)
LSD-SLAM) [6], SEIL T —ANSER A% SLAM Sk, X R o7 vE (6 A B RG FF 45 & 3 Tu8 i i1
T 2 VR PR - o FRDRE A ) B 7 VAT B B H3E A 2010 4E42 H ) DTAM (Dense Tracking and Mapping,
f&i#% DTAM) [7]. 5 LSD-SLAM A[FIff)& DTAM & — N4 o 25 Ho & 1) SLAM &,

£ LSD-SLAM #£H 5 A A, ORB-SLAM [F{E# X LSD-SLAM P48 % i BE[813E AT 1& 2, 53] 7 —Ff
& T R AR LR (R AR A SR V9] T B A VR R AR T SR AR (A1, B R B AR
FEWb B NT AR TR LR T AT B . I ELIE I B i Rk 7 ORI S RO A% BRI AR, 2R T A AR
BEMN

XFFILA 1) SLAM Sk, ml DOARE & B A8 s M e 2 B o e, AR fIA 2 =, b #
B Bl SLAM EE T8, FEARER THMAREMTIRGE B, AU E FER P, A8 IR FH 0 Ik
FERBIR TR, 4HTIR 20 FE TP AR R 7 R AR 2 A6 FH R o) o A 2 2 Pl s LG b ) P A DX SR TR B
PR R, (2T RmSE S TR, T2 YR TERER) GPU E TR, % g B E
s S P PR AR R 5 ] P L 4 TR AR B A 2 FRVRE A, 7 A B A8 T 23 T IR A JE A v SR X 3t 4]
[ [F B FE T GPU FRATHF LRI, A CPU FRATTF S AE B B . SR A 2 1y b P T AR 31 58 2 11
WEELR, HgEZ.

HATH AR & F 22 B FHN AL LA ¥, BREFHUAN T-% H s Rk ud BB &, 5500 B
o (R HATER Re AL LA SLAM BERRIE A B SC M ZR N IEA L . ARSLIR M H (12 SEIUE R TFAL
R SE e A S = 4RI RE o B BE T LI SEIN E AL D REJE T SR H 1) ORB-SLAM #32%:. ORB-SLAM
HAMENERHT SLAM I RZ —, EABEBEZITFHL Lk E . (2 ORB-SLAM A H IR
PRI ZEMARIER 2 1D Ee, REeMRBIRREi M s s . Wb i B R 78 R AR AL I A7 B 1 i g
i, ARESRAEL AR N AR EEISA JUE B

FETAER 5K TR AEFHL T ORB-SLAM Sk SEr & A7 2hEE, Jf HALL ORB-SLAM 7E% B
FHLERIEATRHCEER . 2 JE MR S [9]F 7% (1) JEF 2l T 3T ORB-SLAM i e LA B SR (1) M 2% =
Y

FENEA L AL = A

(1) ¥ ORB Hyk# 2] Android FHL L, EALSFIEAE Android FISZELER

(2) 7£ Android ~ & L H # ORB-SLAM Hf Nt #5720 AE Android b IS 1T 20%

(3) MR IR ST [9)4 37 S I A2 1 RE 5 ZE1X1 5L T ORB-SLAM SV I Y B 25 @ S ) e
2. B3EE

H HIFELE Android S S EZR (2 H0 2% SLAM B SRR S5 AT LRIy AN 40 1) ik
FEAIEM SLAM Bk, SLAM BIE RN H A% O, il i BG4 N % 22 1) B AE 1 i B G LAE
B [ IS 7 7 R PRI BRJ55 0 A 35 1 = 4B, 2) SLAM 52315 Android “F 4 IR 48, X B 414 7E Android
FIREL SLAM FyE TR E 24, 3R Android FRAGHLET A B EMEAE I, LA Android [ =5
BV FTLE ) Native 58 T,

2.1. SLAM EERYikE

BT SLAM EiEAIRZF, 1% LSD-SLAM. DPPTAM [10]. DTAM #1 ORB-SLAM, EZ£ (] SLAM
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RAKHAES WML SAEE. DTAM (FHMERE, (T EEERMZEmENER, FEME
HEARE K, FE GPU 3 5IHTisH, #HEE Android 27 E LA X . DPPTAM 5 LSD-SLAM [ &
M3, # R E R G EEAT AN L B IE, SEERSCER R, O T s s
PIX 3. — M FE I XISt A 5 7 S seh R ERRAE B (HRXT B4% SLAM Skid, BT H &
FIGMERIIEIA S, FEMANSEE B ™. BT FICFERIRE, EFHL LR seE H AL
WZSIEEE, HHAARRAESH . WESH R AR ERE, TR, TR E 2 A
BUSEI . HERR T BRI SLAM, il HAE A F 56 T 4FE A1) SLAM JBLF SRk /INFHATLIR A5 25 55 iR A HE R T i
BRI EE I o

T LA T BBt B TR S SLAM 53E ORB-SLAM 3k, 7688 IRl B sePl s ik, 3k
WA &5 = 4R A

2.2. £F ORB-SLAM B

ORB-SLAM (1) 4% Bk & — AN H T S B 2k )~ A8 Bk o e RS SG B TgEA T ~F A 85 Bk i it
B, X TAREPA R 8], {ERE FIRF 4 AL, B T S R DI SR B, SRS A
ROTREIRUE 2 WA, A U7 2 RO RS R BE MBI . 5 O B BAH AR K DG |
FHERB ST A AL AR S0 WU B R T R BRE R, A2 IR .

FT ORB-SLAM =fH%5 (S8 2 4% ORB-SLAM 2183 Probabilistic Semi-Dense Mapping
from Highly Accurate Feature-Based Monocular SLAM [11]7 {JEEEEAT I, N T INERFE IS 4T3 R, %)
LA SE A T i T B . DA R AR R BUP IR

(1) XA R, BHTIRBER T SRR X R . MR REAE N MBI
i bR L, YRR ZRIE R i R 44 A, AR R 4 s R R B T R — MR R e (. XA T —
AN EREME RS R T N AN R FAR T S B i B 2 1

(2) TR AR EEEF G P& — s A . fEAH AL B FR Z ST, XA
Wi oA RS2 R AR L A0 ZE AU C B R PR o

(3) HITFERBEM ERIREAR %, 7EEMR AR XAt 1R Ko 7 AL BEAHAME 3R RORBS S5 (2
X3 B R B R i, BRATTAN N AMBGE A 45 2 3L b — AN O RECR A B R T4, A AR )
WREEATRLVG . B — ANEWREE B B RS ER A RO & — N s i .

(4) H[LJHRBN P EMMAE TR, B EJUEAS R0 55 ] B ST P T R —AME R IR A
BB N S BT 4ME .

(5) TERENREEMITIR R CATHRHRE, X T4 — A mU AR B 1 AR R Bl b HLBHRse
s TR AR A ) — B, AR BRI — B BE RO I, AR AR R RIF MR Z A X T
AR 2 B SRR MU &0 i B, R FE R B R S 3L

3. Android _ERIFBEFTEAL
3.1. ORB-SLAM % Android &Y

ORB-SLAM 7E Hfix Fizgfrs EaEw ik, —MRIERN 50 2 A4, HEAETFIL LS IT8 IR
M, EFN A RS S AL s TR (RS AR 1 PP A A, SEeARe i L BT/ 2. Frbd
7E Android [ SLAM T 253 T4 I s e e Ak, . 35 BACAL R 47 AN AR 5 (s 1T 45 BAS 0 R
HEAT
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3.1.1. HEHEMNEE
AT AR B 2 — o0 B AT A R T DUB AR LA N 1 B R #E T 46 UG s 5, e A
SE A DR TR RS AT R . RS ARN LA NI, 4 B A $2 B9 46 31 55 >l 400 15 25 1 [ 52 A8

3.1.2. {&g% ORB-SLAM HI&¥ER

ORB-SLAM & —/MEETHRHIE AU SLAM B, T2 — @ PIRHIE s A R 47 SEmf g r . 1X LA B
AT H T AP JT T, — MR AHE s PRI A BB R, A — AN AT B A & R ARRAIE A
R EOR . FORRHIE PR S E B E N R e — 2, SRR R RSN 1000 AMRFIE A, FORE
WHE Y 500, KAMIER T AHRAEVEEC I TA] o 55— 7 THRAE B U HRRAE 5 DL FO AR B R O RS Y 0.8,
S A EEER SRR, IF H i T AR ERFEAC, FrDRIsh s ngs 5, X Bk AT i 24000 %
VA3 ot () ) ] k2> 0.5 5

313 HE&REMK

FESEFIEAT R, AT UG S PRI K 3t 7 30T 2 R A R M SR IS AT R . BARTT
IEIBAT IR N BRI 8] 0% 5 A FLACAL SRR B B 0o ol TSR0V B0 SRR AR AR IR
FTEART EAE ] OpenMP AT IR SEAREAT . EBREAT 2 2RI/ S thAE P M7

— R EIEI AL SRR ST I RANSAC (B — S0 5018) ik T 58 2 IRl A A E AR
BN I, X AR B IR — RSP R 1) AEAATC AL SRS, BEHLE 8 Xt A 44 it HX
J\A R AR R, THE HASERE R 5, R DL RC A H AR s T S SEBR i 5 AN P o B3 L A AR 2
MIBh R, DABREAE R, A0 A SR ROAIERE R A S AR 22 2) #E4T 200 IRBEALIEHL,
e B A1 22 dg /N B AAE A A O BB O AR B o X ANER 7> RAESLE IR AL B i I 21, BERS K B il
IaAL RIS a4 7 0.1 75

TORAEHHIE AR AR T LLHEAT 2 AR A ARAL o X LT IR R R AR B, R EIR
I AT TS, FERE— A TP SRR AR =, 20 XBGREAT R AR AR (A s, 2 20RO T REs AL R X 3iAF
FERFAE R, RIS THE AR MR R IE R T, X AR REAT 2 R R T A A — AR R
FEMURFIE R, A — AR TH SRR MR IE IR IR IR AT b, HADPIRAE ST 2 AR L. EIXE
BEAT 1) 22 e AR LA W] LORE BRI I T8] 9802 0.3 P A

3.2. Android B9 NERIR

SLAM BLikAE Android LRSI EZA =7y, —DNRECESCIFIEEE,  —RARANRE S8R
B, =SRARPLIRI -

3.2.1. BENHHBAN

We B S HE N5y, — N S AR S G B A, B A £ 1Y) % B {8 SharedPreferences fR17
FANA SLAM By BEC B A MO E] Asserts W, FEEE — RGBT IIIHER Asserts HH R P 24 DLE
Android N FH 321 H 3% files ST o X B ] M ST H T SLAM 1) 2 € SR PRSI A 3 77 . i
FAR SR — A 143 M KNI RAR KA, FHL I S BRSSO — M A E 57 P A B IR ) o SR Ay i) g
A DALEFR Y I8 AT BB 1 3 37 e P 3R EG, BT UK BB SO B o s i i, 2 5 I AT AT 3R H

3.2.2. HHIRESHHRE
R4 Computer Vision: Algorithms and Applications ([12])F & 2| KA S E T E, R BRI T =
W, H, B x, y 7w BRI M558 6 60y, T LS BN & S 508
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3.2.3. 1EHLEA
FHHLA N AE T OpenCV HARHSZE S8, @it 4% & OpenCV [#) JavaCameraView ()38 . EANLYIGA
A B fige 15 B AR LI S AR A e 4, W E MR [ e B [5, 15]80Ya . BT R WA 1 AR,

Surfaceview
SurfaceHolder Callback
android:: CameraBridgeViewBase

4

Preview Callback
android::JavaCameraView

CAMERA ID ANY :int=-1 {readOnly}
CAMERA 1D BACK :int=99 {readOnly}
CAMERA ID FRONT :int =98 {readOnly}

+ o+

mCamera :Camera

mCameraFrame :JavaCamean TRl CameraBridge ViewBase(Context, int)

CameraBridge ViewBase(Context, AttributeSet)
disableFpsMeter() :void

disableView() :void

disconnectCamera(): void

enableFpsMeter() :viod

enableView() :void

setCameralndex(int) :void

SetCaptureFormat(int) :void
setCvCameraViewListener(CvCameraViewListener2) :void
setCvCameraViewListener(CvCameraViewListener) :void
setMaxFrameSize(int, int) :void
surfaceChanged(SurfaceHolder. int, int, int) :void
surfaceCreated(SurfaceHolder) :void
surfaceDestroyed(SurfaceHolder) :void

connectCamera(int, int) :boolean ﬁb
disconnectCamera() :void
initializeCamera(int, int) :boolean
JavaCameraView(Context, int)
onPreviewFrame(byte[], Camera) :viod
releaseCamera() :void

A

H o4+ 4 FH | R H

B e

CustomJavaCameraView

CustomJavaCameraView(Context, int)
CustomJavaCameraView(Context, AttributeSet)
getCameraParameters() :Camera. Parameters
initializeCamera(int, int) :boolean
setFixedFocus(): void

+ 3+ o+

Figure 1. Inheritance structure of camera view

& 1. #8# View BU4k&LEH

FH A1 7E CameraBridgeBase »& — Ml R 2K, Hrb H g 7 AN 2 e LA, lid s 57770 A
TP N2 24 AT LI . JavaCameraView 4k 7k CameraBridgeBase - H 328l 7 H & HIRIAHHL
N, BIRRE—A TR 2 — EAMF R BUENA AR R B S BAFI I HAE 2 1 R 38 A 42 1
(1) 5 T B %0 onCameraFrame ¥4 [& A6 BV E M OEE LT

fEE 2, FRATETE SlamConnector SEHLAR 42524 11, 7EHE3Z B B8 A I ) A% 31 J5L 2R 2 ) Bk
oy, MONEERHN, IFH SlamConnector & 41 5 HIE I HIAEAL AN ZE TR, 38 7 ST AE T H 471 1) 75 WA
WK AEARA IR, 3% B %) Native J2. A OrbSlamActivity /& 24 R 59210 3 2 Activity, 78 A4k
SEICAPRE TP Tl

3.3. Android BY%i 2845
AT T AR N AR R, PN L R SE R . SR MR T Java b, dER
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SlamGLSurfaceView %§ GLSurfaceView 4k, F£HSZHH ) GLRender, 7E GLRender /14 & p& %1
onDrawFrame H il H C++3 70 5E N o 58 —AMBEEEH C++ARAL5Eak. BT Java B4 R 2 H Rt 47 7
BRI —ANEHIN D VER, B A3 10 % B 7 i AR AR A

SlamActivity
OrbSlamActivity

5

copyFiles() :void

initView() :void

onCreate(Bundle) :void
onCreateOptionsMenu(Menu) :boolean
onOptionsltemSelected(Menultem) :boolean
onResume() :void

startSlam() :void

TSR

-mSlamConnector

SlamConnector

exit() :void

getCurrentPose() :float[]

initDebug() :void

load Vocabulary(String) :void

onCameraFrame(CameraBridge ViewBase.CvCameraViewFrame) :Mat
onCameraViewStarted(int, int) :viod

onCameraViewStopped() :void

onCreate() :void

onDestroy() :void

onPause() :void

onResume() :void

Slam(long, long) :void

slamInitialization(String, String, int, int, double, double, double, double) :void

o+ F

Figure 2. Acceptance of camera input

2. HEHUAARIIER

4, LI
4.1, FPHASCHR

7E L EI T PN 4R 5 ORB-SLAM 11855 3508 43 (116 SC 4 B8R EAT T L« BE S 2
ML http://vision.in.tum.de/data/datasets/rgbd-dataset/download H'3k15 . 55— MR A & — R
% HE4E, fr3/nostructure texture near with loop., f&7E— N 5T LM T JLskiE. RMHNSE ST L1IJL
TRIRER T —H, stKoE 56.49 £, WiZesE 30 Mg, BB AN RS B R— M REIAAEY s, AR
f& fr2idesk, MMANLGEE TAEGH T —B. 5Kl 99.36 72, iz & 30 Wik,

4.2. ORB-SLAM #£ Android _EB94E L3R

23 SLAM H357E Android b IS E R AN — L BT AT THE M E XS, 7E Android B[Sk
PECRA TR RIS .

w1 PR, EASSHEREE, R4S I RS Sem KR T R, WTE a i S HOEE S
£ Android FIEATRCRA T RIS, T B AR FE IR ZE A 2 E A

7 2 WLVERESE 2R MNG, BEEIRDURE s e 2 /A 7 R ik, AT
Z LR B SRR E A S B4 R, R T B AT I IR
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Table 1. Running time comparison of SLAM algorithm before and after parameter adjustment
& 1. SLAM B E S BUAERIRE TR Bt

ORB-SLAM £ #%HT [H] AR RS
RBURHE A6 3R IR (ms) 432 420
IBERIERRET A (ms) 580 41
JR R B AL B 18] (ms) 342 50
WAL BRET ] (ms) 1134 513

Table 2. Running time comparison of SLAM algorithm before and after multithreading optimization
2. SLAM BAE S LB R B TRIE XL

ORB-SLAM 7E3% B A] R ks
RERFE S AL T B[R] (ms) 420 130
JBERAEBRES B (ms) 41 45
SRR ] EIAE R H] (ms) 50 52
AL B E] (ms) 513 175

4.3. 7 Android LR 3R

£ Android EAaih REF, & 3 5K 4 Al RAEYIIEOR SRS 58 UR TR RN (1247 ksl . &
TH] A LE 2 AR A AT SCBE T A, MR R, 5 2 il B DL RC R B

—

—3
e‘;

Figure 3. Running effect on Android (during initialization)

[# 3. Android _EBYIEITRUR (FNEILET)

— _
SLAM MODE | KFs: 3, MPs: 300, Matches: 182

Figure 4. Output on Android (duringtracking)
[#] 4. Android _E A9 BUR (GB BRAT)
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K 5 R SVELE Android FHLERISATINGE R . HIE] 5 R 6 KRG FIEAETHL LIS 4T R A B P21
HOR o (HRZAE Android [IzATH LR, & —WIHEZ TN 2462 4 WA AN E], B EATHLL
Rt — B SE B

Figure 5. Output on Android (duringSemi-dense)
[ 5. Android A% H R (A HE)

Figure 6. Semi-dense output on Android (when viewed on a com-
puter)
[ 6. Android 3RV HBER (RN EEER)
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