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i T° ORB-SLAM # 4t i JH T B0 55 e 5t %) 5
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R IR B TR A A FR R X R (]
ASCX ORB-SLAM R GE AT T 85 hy 4 10 14 o7 FH 4%
TEAY BT, LA4E ST/ 15] ORB-SLAM 22 55 114 )i J2 Al - 2
MR,

ARSCH SE AT ORB-SLAM RG340 3l 1
WA ORB-SLAM £4:1"13 ANRARAY TR I H: 2
AMEAL IR ORB-SLAM2 ) FI ORB-SLAM3 ™) | 3f:
I ORB-SLAM2 fENARSCSLEG 1) HAn R 45t A)a
TS ORB-SLAM2 & 4t , 15 2] 940 & 48 19 #4
SPRECRRAE . 5 J MR Al X6 B s oR BICRR I 1Y 43 AT 4
B4R T 7] ORB-SLAM 2 45 114 1S J2 R 4 2 4
K

ARSCHY FZ oIS : (1) 58843 T ORB-
SLAM Z 4t BRER | b (&1 #4)  F0 [m] BRAG I 3 A2 AR 1Y
TAEIRE; (2) SE40 50 M IF 5 A A T ORB-SLAM2
RGP R R B SCATHRRAE 5 (3) 38 X AR T R
AT TF 40 B R AE 43 BT 52 56, 45 2 T I M) ORB-
SLAM ZRGixt i )2 A A 75K

1 X ITHE

HHTEWLY SLAM REEH 4 4B BedH ng, 435
MRS ALE BT (visual odometry, VO) & sfifk
(optimization ) | [FIFR A (loop closing ) 1 = 4k 4 [%]
A7 (mapping) 7, HTSHOLAE LR B R
il A SRR AR A IS 20 A7 B A B, S s Ak B BT
oK 4 R e A i A o LR T R ] % R TR 225 [
FAKEI By B FH A A I 42 JEetie A2 785 31 3K 22 i 30 1 o7
B 5 = Al R T B BT R A AR RS AE R B o AR
Y 3D s

P R B AR T R I A5 0 Pk 2 o s
Tk A W T RHIE S5 19 SLAM RS2 H Mono-
SLAM'™® PTAM'"'  ORB-SLAM'?' Jz H: 4k 4k & 48
ORB-SLAM2'"*/ I ORB-SLAM3 "/ 2 JLT B $E e 1
A DTAM""' Fil LSD-SLAM"'"7) &5 ; 367 i i A58
HEATFER W VIO Wit B A ST EHEEN
SVO!' FETFHRAE S LR OKVIS™ FIZET Bk
DSO! 4 FUSEE T 3D B RS Kinect-
Fusion'?’  InfiniTAM'?'  ElasticFusion' ' 28, % 1 &

g5 T R AAREMER A SLAM 258, Hp Mono-
SLAM 2 4 J& 55 — > St i 2 H ¥ %8 SLAM &
451 Y JRAR IR B 8% (extended Kalman filter, EKF)
VE R Ja s AR 8 12 | 3 3 o s 0 PO RRAAE e, DA
SRR Y HPR AT A B AR SRR A S, TR RRAE 25
MIEREN 22, 27 R MBS 23 A8 R 5K
B RERAFE S S £k, PTAM R4 # I 5
BT R ER R AT A, TR X T S A
IV AR e 95 S i 7 4 PR A5 00 8 - Sy i i
WAL RE S5 G R AT, PTAM R G825 — Ml
FRLePEOLAAE R 5 s i 7 58 4R R T DGR MTAILI
W7 ISR RN IR ER A 5 R R, ORB-
SLAM Z 4" [ 4% ORB 4H1iF 3154, i3 K 1k
SIFT F1 SURF 3k 7, HELA B 4F 00 i i Fn4a A
AR R R T 3 A2k 5E i SLAM R4t
G R S ERER AR 2R | b 1 ) A D [ A
R ZE R 1% J5 v 1 B i 2 1 i R R s 2T 3
ORB FHIE, =B 45F9 45 CPU ok T 4,
ORB-SLAM2 F%4:'" 7 #. [ ORB-SLAM F St 3Ll I
BT XCH F1 RGB-D A& 0% A, 5@ i i 1D
V- 257 (bundle adjustment, BA) , 45 T W T3%
PRSI 25 8 S B R B 1R 2 e/ M 5 Tk B s 1Y)
K52 ; ORB-SLAM2 F S0 fuff FH 30 3 2 G B 25 114 A
Ty BUE ROR P 2 1 TR i L o7 B AT DL EE
Hu A, S —Fp AR G U i, #E CPU T RSB sk
Bk ; ORB-SLAM2 & G384 fin iy 3L H F1 RGB-D 5 %
AT LA P K ORB-SLAM 28 48 16 B H (1] B4 4G 0 et
R (RS (B B, ORB-SLAM3 2% & —Fil % %
LR A M SLAM R 48, X HE T ORB-SLAM
Z 5 H ORB-SLAM2 & %:, ORB-SLAM3 % S8 7E 11
W BT R ALY B g | A K B2 A 11 AR
[FlES R T 2 FHIE RS

B SLAM R G075 LA FEVEREAS Wi 5,
JUAFSAR TR Tl FHA B — 2L 1fi 7] SLAM R 40K
IR ZEA T, X2 HAS SCH S G 5
T ORB-SLAM Z 4t (1) /il 3 %5 #4 1% 11 40 41 % ORB-
SLAM 4t "B fie e (T o A0 3 FELRR T A R IR 52
BUH A7 36T FPGA BB {45 F 1>, SCHR[26]
Pt T —Bh T CGRA S5 A4 Y i #1511, M A
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®1 REHEHBEA SLAM RHEHEE
RGRA ERTTE E¥ R AR B 25 1 ARG RBES
MonoSLAM!'* A b 2007
PTAM'™ HH Wit 2007
FRAE 5 ORB-SLAM!"?! HH B 2015
SLAM ORB-SLAM2!" HEH XH . RGB-D T Bt 2017
ORB-SLAM3 "] HH WH RGB-D . IMU Fi b 2020
. DTAM ! RGB-D e 2011
Eﬁ& [7]1 N3 oo
LSD-SLAM HH XH RGB-D Rk 2014
BEHEE SVOe RS Wk 2014
VIO FRAIE s OKVIS™! X H IMU i 2015
I=E:27S Dpso! HH LR 2018
KinectFusion'*’ RGB-D P 2014
3D dEat InfiniTAM RGB-D iR 2015
ElasticFusion ! RGB-D ik 2016

EUG RS L S SR R AT 55 R4 SCAA A& - 5 5 IR P 58
1 ( Levenberg-Marquardt , LM ) A9 13845 55 it 47 HLRE
JER] A A 2 R . SCER[8 424 T eS-
LAM,7E FPGA *F- & L3 72T ORB FYRHIE £ 4L
FVRFIEDVCHC 2 853 0 S BERUM B 2% . 7E eSLAM
fib b, SRk [ 10 ] $2 5 T HeveAcc, £ % ORB-SLAM

PR 2 R 3 T T T ASIC 1 0 3 2% 25
F4, 5530 ORB-SLAM R 4832 17 1 i P B R =i A
SCER[ 11 ] &1 T — A>3 TRHIE £07% SLAM RGEHY
Hi AL AT 5559 EKF F1 ORB 3843 LA K5 Ui
MARAT 55 1 BA 3850 A9 37 7K R 45 44 PISCES , 1| F H:
THRR B R BRI U A7 DA AT 5 2 1) 2 5 4 B

FRGE I BT 55 H 11 155 52 B R R i BRI ok 2

fE o 2 B2

T JLAF e BAX 32 7% 9 ORB -SLAM

%2 ELEHEEREFMERN ORB-SLAM RFEhNE:S
s 7 A5y WG %ok BIBED i A7 e Y )
PISCES REES Y REK/RSIEN  FPCGA  SCHA[11] 2020 EuRoC K&k B SLAM J& & % HE M
#ul 43 Al ORB B 43 J i {16 dataset  PYJEIN; R — 804 5, W 5
FUAT 55 H AR T 2230 BEARTE R
HeveAce  BREFAT 55 P ARME4R BRI ASIC  SCHR[10] 2020 EuRoC  HUIMBEBREAT 55 BB 35 40, R 43
TR dataset Mg st AL 35
TUM
dataset
eSLAM  BRESAT 55 P AR MRS BURIEE FPGA  SCHR[ 8] 2019 TUM R R R AT 55 PR S 350, R o
AIEPE g EB 43 dataset  H7J5 vw UL A6 6 435 B — 4 50
EEHNERTLE; HE ST &£ T
ORB YRI5 SLAM #E4T S5 ) A4t
X} ORB-SLAM # 4 i 17 R 48 45 4E
A3 M RN £ R
CGRA  REFMTLSH1 LM Hik CGRA  3CHK[26] 2018 TUM RS/ SLAM &5 &£ R
dataset  JEPH | HEAR BREAAT 55 21T R % 4
ICL-NUIM B LM Bk R R 2 3
FPGA  BREFATSS TP RRAESR IG5 FPGA  CRR[25] 2017 I FUhn S R A 4 BCER 4, R gk AT

ORB-SLAM % %t | J5 %t & 48 FF 1iE
AT RN 2§
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RGN A, IT o301 A 0 # A AL Y IR, g X
2 AEERY ), A SCiH#EAT T T [r] ORB-SLAM %
SN FHRIE ST AT, S H ] ORB-SLAM R 421
JEZ R SR BT R AL T 48 L

2 ORB-SLAM % % /)%

ORB-SLAM £ ¢! J& —Fh 5L T 80 H (1% | il 48

ORB HF#ETHEE 1) SLAM R4, {ff FH R 5 | b L 4
AN CIEZNY 1 I 5 v ol 1 3 2 A | 2 O
ORB-SLAM H#4e i EIan & 1 fs
2.1 EREREZRTE

PR ER AR T2 B0 T (AR AR I T 1 T 4 A
B ST, 2 ORB FFAFHRE W1 IR 7 Bk T
e S b A L R O BT HBC 4 AR 2H

Al ] | ORBEFEGAL >

VIR T TP I R
Ejz}:%i%}b&:{\l_ > RS E RS B i 358 H
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ESPS: A
e

<« AHIBA €

B SR e M AURE € SREEE A

[EEN Rl

{2 My i

A 4

FRABLEE T 55

[EEZNG: =y R

A 4
A 4

1 ORB-SLAM Z%ini2E

ORB $FAEFLIX "' 785372 i FAST (features from
accelerated segment test) (7 Sl k#7538, ORB F
FH FAST S350 4 A B9 8T LR WTUEAT FAST £y mi ¥
2R, R R BEAN PEt rh Bi - JFC ] P4 3 P AL 8
Z IR RN ZE R R R i, 182 FR
R BT f A g R ] L& s AR 3R A, 4
SE LU B A8 LA K T8 Pl /s (A SC LA TR P K70 16
MBI, EREHEMRFE AL RO IR AR R
AR JEEAFL 22 Y A XL /N T B, DU s AN 2 A
T WPEF EAE I ff s PR R 1,59 A 13
SRR SR EE 22 A XA, R Hh A 34

B2 BEEMPE-—ARSHESER

SRR T B AR, WU T2 AR A i 2 i, 15 U <%
Il VR R AU ~ 16 50 G RMIKEE 2,
WEREZR TN T BE SRR s 8 4, X
SRR, B 5 iy T e R i A il
2, IRMOAR ORI 1 A 64 ) s BE AR T AR AR R AEL 0
AT FAST fy 953 , JFAEAR B Y FAST £
FETHRT ) DAHOR SR S R e AN AL fx
JE TS Y i EG Wi #2589 BRIEF ( binary robust
independent elementary features) ffii& 7' 5 k
— e i) £ S5 BRIEF $38F HEATREAE DT,

PR AL AR S B A S S — iy
AR DT 2 A5 D, 7 B S DU AR 8 A e i oAy i e 3
e ST LIRS c TR VA A L s el DY)
5% 3] 9% M V) e AT X8 T, i 0 O ) M ] A
REEARAL . B 8 A3 2 5 1l P A DT E X
LRGSRl S S ) P S VAP AV B R E N U E LS
TR, 7 AT b — i R AR DT BE SR U, U 22
A SRy FAE L, TSRS 2 AT WU A A TR A 1) TR
F ORB i i) 5 T A7 SCBEMTER T DL IC , AR 5 X 4
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EHAEI 2022 4E 11 H H532 % 11

AT T FE LI AE — 20 (random sample con-
sensus, RANSAC) ¥4, I ] PaP 553500 #15%
SIS LR g, A AR AT G 22 T fil Y
TR , W8 2R 5 A S A 0L 5% 3] A b 1] 20k
FEXERE , 2L DGl Xt AT 00 B Ak, IaR O B Al
o R A 3 BN

i

4

FHE I A 5 et ity
ST IRVAZS i) 4% ]
HWERE F—miw g2 1| FH 9] $ DG P BN

[t ] p iR 47 5% 9L PN
-~ : RANSACEAR A4
A RBINN LS PS40
P A TR T i e 2
PPk
5 KA LS
RO
125 BT
S F[F b 1] R AT
5
5 5%F 7 [ b ]

RN

B3 HEArE it Es RiEE

ey IS b, T R S A 4 B S O SR SRy
SN L9 S 5 A D e i B B UM i o e
e/ MU R AR 22 7 S B B 4 1 it — 4
itk

DR SHEMITIE HHS 70380 o8 535 AT J2 2R PR A DG BT
PR BT 2 LUT S50 st , Rk R e HAT Sk

(1) A EREREENG, LAE 20t KT 20
it 5

(2) Hb R 3 A3 b F 28 TR A, 5 A B k3
ASEEMWUR B 2058 KT 20

(3) Y Fi z= /DR EEF] 50 4S5
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(4) H RTING5> i ot e T a2 i PR i R
EEE/D T 90% A,
2.2 HEE

i P g LR R B T AL BB () S BT HAA T BA,
LS AL s Jo] R P ) e A E e, o 2
MR A | M 12 56 I B b ] A B S L BA
FIZAS b S BRMTE HR S 5534 AR

MW AR B e R K R E TR S
PR ORI b A R 20 W] 1Y) SR i 4 A — R i A L
B B Ja TR G R W TR1 4 ) A

b P 0TI A 43 B A R e M ] s LT
B AT 3 D& B ot ) 38 2o R A v D, DA
TREATTR AT AT RRIE DE ) 9 R SR R AT =
At

b P 2R R A 67 5 AL R b 2 i 1 R
BEMTHEST = M6 ORB HRIE SR B EE B b 18]
X ST AR AR VS L) ORB ARAE 2, 76 55—
ST 2 5 H A A DU A AT DS L, 25 3 AN T
JEXTR LR VC L, i X ORB HRAE 1 VT it X ik
17 = AT A R L R

AHL BA #8332 A AL 4 i 5B it | 7 L[]
HR T 3 ) 224 T D BT ) ST L Rk S B it XA
DI 0 BT A L PR A At SO0 28] ot P15 AEL A i
FEBI S OCHEITY) 5C ST A 41 B AR LAk TRl £
FRE A FEPR A [ A s o) K bR ey S
E AL 5%

A b DG T3 FBCHRS A S ARSI A R TU AR 1 G
ST AERE AL S AR ) R
2.3 [EIIREN

[v] B A 0 £ A 22 el e e T e B ARABLRE T35
Ml ERRlG A4 R Ui Al 4 TR, AR T iR
Ny iV a1 B 7 N o el N 1 B U B S SR (R
TR LU A g v SRR RS AR R g
ST Y FTIURT R R I ] (4 DE LG R | Bl A FE A
o JE WP AR A T 22 AR AR e I A3
R R , A4 — 3k
2.4 ORB-SLAM2 &%

ORB-SLAM2 %4 "' J&1F ORB-SLAM £ 4 3Lhifl
EREHOE — A SRR E OB H A1 RGB-D 11458 B
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SLAM RSG5 5%, "B REM S M &1 8 1] | [0 2046
FIEE IR, W ORB-SLAM2 R S57E )5 it ik
SR TR T HABE B BA J5 ik, Wik fe ik
il oA R Bk 1 B2 TEAG . Ak, ORB-SLAM2 &
iy & — MU E B AR SRR A Fe i

T BB SRAET ) 0 o0 HLAR Tk aE B R
A X C BCRRE £, ORB-SLAM2 R %% i 72
FIanE 4 Jros , Foh 2R 4, B R 2 A 11 T Ak 3
g AR 4 F 42 R BA #4328 ORB-SLAM2 &R 4t 7E
ORB-SLAM FR4¢ Al i elcis

SRR

/= AERRBUN [fes T N [P [ FA—
XH RCBDEEH LN B B BRI R & T
[resmistsm | —{ormsesnnd-foc ol !

s

[metan }—~|0Rm.a~ﬂ Ju

RGB-D
|RGBP§|1%¢»T |——

ORB q-ﬁ‘?vwv:‘v‘tluH 2 fﬁ ;[Q“;

IR EHR I

B T

EE

2 FBA

.

‘&JM PE ﬁﬂ}—'

HMW&L‘H"B‘E}—'{ [mEZNGEey H ’x‘ﬁﬁf_ﬂ:‘

”[‘EBAHMJ%] ‘L‘;}J'f‘

E 4 ORB-SLAM2 ZZZimieE

AR ORB-SLAM2 R Gt 47 2 Gu e fiE 4347
PR R T,

(1) MEE 3 5 a] LLFE i, ORB-SLAM R 4t iif [7]
o7 e f R B4 BR B LR 2, i ORB-SLAM3 2 4t
6T ORB-SLAM2 RGEH) F B AAE T 1 1 1 1
et B TT AR B W0 A6 Ak RN 4 A E 8 43 DA B b 1
FEER I, ARV SR ER RS 3 WA X RGERE 43
Mrsgmags /. i ORB-SLAM3 2 45 i ik ik &8 43 I
ATEA SIS H A5

(2) M LT ORB-SLAM % % fll ORB-SLAM3 %
4t ,ORB-SLAM2 ZG7E SLAM & GitiAk e e J2 6 44
SRR T A5 T AT T Tz B 0

PRI A SCIZ 3678 23 >K F ORB-SLAM2 £ 4t it
1T R G RBU R G T

3 ORB-SLAM2 % % #h &5 5 - A7 5L 36

AKX ORB-SLAM2 & 4t i 47 4% 14 1% BE 43
BT, T IBOH: T By AT PR AR

SEGF- B AR SR LT Skylake ZRF5 11 64 7
Intel i5-6500 51 FL i 4b B 25 F1 LT ARM v8 2844
i) ARM Neoverse-N1 AbFRESAE N 525655 6 3047 %) He

Bt A - AR SCHE L 3 A i R I PR AR 4 KIT-
TI® EuRoC'™ H1 TUM RGB-D"* Ay S 4diidk

KITTI B8 45 i 7 [ R /R 0 6 Je B T2 B A=
26 B AR SE Be ik & 10, 2 B 1T E bR L R
F 30725 307 5T B HLRLSE S PP e 4
13361 SOk e & W R A S b k= [ BiE]
% N A A5 SR R IR 51, EuRoC Ui 4R
PR A T e RS D e B G I B A A B
P A PR AR IR S B T 2% B AY machine hall Fl
—~ 338 B3 18] vicon room )2 N 37 5t 19 EZ i ¥
5|, TUM RGB-D #4402 th 58 J¢ 2 Tl K231
BLILSE B0 A A A 8 A2 249 S B 2R 858
RAE AL XSO B I s LA [R]
RN ANFE S B N 2540 SO 45 7 5 i U

Wirrs1
Kb PRES A VRS OG5 700 Nk 3 A1k 4
Bs

ARSI Linux BPERE AL 400 Perf #E175050
Wk, %7 ORB-SLAM2 RYHLH AUH 1 RGB-D 3 i
s A, 73 3I7E KITTL, EuRoC A1 TUM %45 £
HEAT T BH 525 KITTI 1 EuRoC B 4 b oEFT
TR 525 DL TUM 1E 2 RGB-D iy A s 42 ik
17 ORB-SLAM2 R 4555, 1593 160 N7ER 3 Fin
i) Intel F1 ARM 4bBEEE Tl ORB-SLAM2 &4t h
A RS IE] 5 E . IEXTIX 160 AR 4 EL 2SS
HEZ T S MR T T i S 2 a0 5 Fs BT
PRI AE IR
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2022 4F 11 H 53248 FH11 M

R3 NERFFHSHY

HIPE 5 PR BT a5 2R e LLE L T Perf B

| Intel ARM AT BB TN ]2 G 1 eR B0 B0 8 T
AL PR AR Core i5-6500 CPU  Neoverse-N1 CPU Al pRBCES A3 (R AT IS ], PR I B FAST 5 A 42 B
AR Skylake ARM 8 PR PAST _ o I 275050 15 DU R HEA T K18
Bk 4 Pa S 8 B8 SR BV 535 #6419 BRUBK ComerScore 9 ORB A5 AEH2
PR R LS K FLE 4 g N L L

s 1A g g B g A PRIEL ExtractorORB $AUAT B 8] (5 Lh e 55 4 67% . HH
N 3.2 CHz 2.5 GHz T ExtractorORB BREICH Hij s 0 i BL AR 3R 43 1 AT
BAE R G A Ubuntu 16.04.1  Ubuntu 16.04. 1 PR, X T JE A E e LAk i 43, BT 5 AT LLE
Ll DCache K/ 4 x32 kB 8 x64 kB AR At 25 BRI Solver $AT I B] 7 Lo Be s 17%
L1 TCache K/ 4 x32 kB 8 x64 kB H T ORB H#AE 2 R L ExtractorORB FIE fb 3K
12 Cache K/ 4 x256 kB 8 x 1024 kB (R Solver 2% A SR Tl LA ] 0 B 5 56
LLC Cache K/ 6144 kB 32 MB Jpsa0m1 2520 B 0 T 5 4 28 R4 AT ORB 45
Cache line KX/N 64 B 64 B ’ e

x4 HESE
KITTI Data odometry gray  sequences00-10
Data odometry color  sequences00-10
EuRoC Machine Hall MH 01 easy; MH 02 easy; MH 03 medium; MH 04 difficult; MH 05  difficult
Vicon Rooml V1 01 easy; VI 02 median; V1 03 difficult
Vicon Room2 V2 _01 _easy; V2 _02 _median; V2 _03 _ difficult
TUM Freiburgl 360 ;desk; desk2; floor; plant; room; rpy; teddy; xyz
Freiburg2 360 _ hemisphere;xyz; large _no _loop; 360 _kidnap; coke; desk; desk _with _ person; di-
shes; flowerbouquet; flowerbouquet — brownbackground; rpy; large with  loop; metallic
sphere; metallic  sphere2; pioneer 360; pioneer slam; pioneer slam2; pioneer slam3
Freiburg3 cabinet ; teddy;walking xyz; walking static; large cabinet; sitting rpy; long office

household; nostructure _ notexture _ far; nostructure _ notexture _ near _ withloop; sitting
static; sitting _ xyz; sitting _ halfsphere; walking _ rpy; nostructure _ texture _ far; nostructure
_texture near withloop; structure motexture far; structure notexture near; structure

texture far; structure texture near; walking halfsphere;

[CATEGORY
NAME]

[PERCENTA
GE|

BFAST t ®ExtractorORB  ®Solver

B5 AREBaHm
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RowFilter ™ CornerScore

IE$E B PR X ExtractorORB L AL 3K i 4% PR X Sol-
ver,

i i s A0 o B T B BE A $ R AL Exctrac-
torORB, -2l BRERZC AR I H , 7 ORB-SLAM2 R 4¢
Hh ERER LR Ay F2 2R 1 e 1A I A SRR Extrac-
torORB ™1 operator PR i 1T ORB HF#AiF s 1) 42 B,
HrP 415 ComputePyramid pREUH K118 KM% 4+
£ ; ComputeKeyPointsOctTree PR H X} & 1% 4> 7 35 it
Ao R, BRIBCP 5 1 P A5 )2 MR I SRR A
LA K ComputeDescriptors PR BN G 4 735 1 55 )2
115 BRIEF ##ii& +, 7£ ComputeKeyPointsOctTree
PRECH IR T 1] 5 Hofie i 9 FAST v eREOR AT



BE B4 ORB-SLAM 2GS F 43 M ox

FAST fi S 2B, #15 PREL ExtractorORB %) PR
WHXRWE 6 iR,

FFAE BRI
ExtractorORB

Operator

ComputePyramid | | ComputeKeyPointsOctTree | | ComputeDescriptors

[@1%%%%:] [ A ] [ ik 75 ]

FAST
FAST_t

6 A EH ExtractorORB IR A X &

YN e s AL B B R R AR e 45 pR KR
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Analysis of system characteristics of ORB-SLAM

XUE Rui® ™, LI Yi" ™, LI Wenming ", AN Shuqgian”, YE Xiaochun” , TANG Zhimin "™
( * State Key Laboratory of Processors, Institute of Computing Technology,
Chinese Academy of Sciences, Beijing 100190)
( ™ School of Computer Science and Technology, University of Chinese Academy of Sciences, Beijing 100049 )
Abstract

With the rapid development of applications such as autonomous vehicles, robots, drones, virtual reality, and
augmented reality , their core technology, simultaneous localization and mapping ( SLAM) , has become one of the
current hot research fields. As a typical SLAM system based on the feature point method, ORB-SLLAM has better
robustness and higher computational efficiency. It has been widely concerned both at the system optimization level
and the underlying hardware architecture design level. However, there is a lack of system characteristic analysis for
the design of the underlying hardware architecture of the ORB-SLAM in academia and industry. This paper intro-
duces the ORB-SLAM in detail from the tracking thread, local mapping thread and loop closing thread. The ORB-
SLAM? is selected for performance analysis experiments, two hotspot functions of ORB feature extraction and block
solver are obtained, and the execution characteristics of the two hotspot functions are analyzed. On the Intel i5-
6500 and ARM Neoverse-N1 processor platforms, the characteristics of IPC, branch miss rate, L1D read miss rate,
LLC miss rate, and LLC MPKI of the two hotspot functions are experimentally evaluated, and the different require-
ments for architecture design are summarized, which provides guiding suggestions for the underlying hardware archi-
tecture design of ORB-SLAM.

Key words: ORB-SLAM, hotspot function, characteristic analysis, hardware architecture design
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