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Map Construction and Recovery Method Based on
RTK-aided Monocular Vision
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(Navigation Research Center, College of Automation Engineering, Nanjing University of
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Abstract: To solve the problem of map loss caused by monocular SLAM tracking failure in complex
scenes, an automatic map construction and recovery method based on RTK (Real-Time Kinematic) infor-
mation aided monocular vision is proposed. With the aid of RTK information, the map before visual
tracking fails is processed by coordinate transformation algorithm and is integrated into the current map
construction, so as to further improve the efficiency of map construction and minimaize the loss of map in-
formation. Simulation results show that the proposed method can help with the problem of map loss
caused by visual tracking failure. Compared with the original intact map, the integrated map preserves its
consistency and integrity with meter level estimation accuracy.
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Fig. 1 Schematic diagram of ORB-SLAM mapping mode framework
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Fig. 2 Schematic diagram of map construction improvement scheme structure
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Fig. 3 Schematic diagram of RTK linear interpolation
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coordinate systems

PR 3 ] LA A) 4 5C S M 719 AH AL A AR S 2 11 A0
AR R, AR SCHE WAL B AR S TR A AL R R
AR X G B W AE L B Al AR R R A B IC N
X, =(x,oyooz) " HAE I F AR AR R T AY AL A5
R X, = (s yerz )" WIFEH W T B AH B4R
Bk FR

X, =5, R.X.+1t, (2)

Hrr, s, MRERFHHR s, > 0.R,, N =4k
ZE Bl N BB EEJE B ot = (2,02, 5t )" R,
K/ MMEITT 22 € (R sty s T8 L
B Al A 3] L S A B 2R T 1 e I AL S 46 2 5

1 n
mine” (R, +f.y 554) = ;E IX, — Ry + Xo + 1.0
i=1

(3

iC Xy N H AR R A o P A TH A58 A

AT EOE AR AR Z R, £ 250) AL
FRE X, i P AT A8 A AR AR T B AR AR

X, =suRu X, +ty 4

Hr, s, =575, Ry =RTR, .t,, =s7'RT (t, —
£ [ IETH M B S 7 S SR MAE TH A58 A8 A
AT EE BN RE i), WIER GO LUk
O SHEMIT %) 57 2347 B 5% 4 B Y AR L 0E AL bR R R

R/ =R{"R}

ti =—R (—s5,uRy (RO +1,)

MER & A~ G5 WTFE BT 058 AL AR RN (60 8 A A
AUERRNY,, =— RO, Hik AR @
AN (5D A LUK TH 1 18] v i A i 1] 55 DA R G S iAo 3
HEAT AL R AR e, 45 B LE B AL a8 AL R R R AL E A AT
FRORUEE 5 Y HEH b — B b EE B RO R
ToEMEI G 5 RTK HIFE /85040 ml & (H 2 7T LR
AT B R Y TS ROBE HEA T IR A o, B T H
HIEA B AR S A A B A A RO A 3 AR IR R
WS AN 2 Z AL
2.3 wEMmEFIE

TE 5T 18 2 A% TR 25 B0 X 5% LA K W o 1l 1] A b
AR I, T ) b P A O T 8 e ) b TR R
AT IR AN Bt O Bl kX R S8 Y A Y
o A5 B AT K7 A b B 6 25 O R R AT H Bl
S5 RlG DA TR B SR S B0 1 i 2R Y ) R
AT LLA AL 53 S TH 1l DR A7 TH P 2 DA S b 15
G = AR 5 PR,

/4 AR SRIKSE /

(5

B b B

g

Je R ER R
=)

7=

Es5 #EREFEREREE
Fig. 5 Map recovery method flow diagram

(1) 1H b P A7
AP — R P[] A Gk 4k 4 R B v R il



74 ALE £ 5

2020 4E 5 H

Xt Y A £ A b S R AT R B R E S
A fE B E K, BT B R SRR S
BLAELLT 2 MR,

1) H W7 24 15 AT 81 A8 N >>5 S8 AT 47
JBST o ARAF 24 G Hb P 30 AR R A2 L T SR XY T 5 R T
Hb 18] 5 B B KT 5 LastKE_id L& LastMP_id, & IH
o Fr s LastMapFlag= true, £ A AT WIS PRAE 5

D RGEA MR REESIFEE, EH A
WAL B FR T TR b PR A L T e ] O T R
55 4E LastKF_id Al LastMP_id 2. B 1k
AiE b E PS5 EA .

(2) |H #1828

FE B L A b FR T PR B R b RS T X
14 Tt P P A A L AR A UK 5 Ak B S 2R TH b
FLAFE L 2 .

D) B TR0 ha 46 5 3007 T UG e A 56 B b 7
S BRERAR AR ) R B IR IR e R AR A 20 ot
ST LA B R 3 PR A A B BRI b 2k

2) FIWr IH #b B 47 7 LastMapFlag J& & 4 true,
AT H B BZ K E

(3) ML &l il A

TR H MBS L 7 R R B A A
14 M Pl g A R, O T P A R R R — 3L
MJCHE PR N Z 3L T RTK {5 B 4B . i2
fTUUF 3 A%

1)K RTK F 55 0G5 Wi 08 %F 55 o Al 1187 1H A
A A FR B LS PR AR B R AR DL AR e S, BT X
AR F L H M B 78 B 3 Y /B 90 A bR
E-

20K 1 b PE1 A5 J20 WS i 1) 24 i o i 1] ) 72
H SR AS I T BT A A bR AR R L E A A HLL )
FRUBE 55 224115 37 b ] — S50 5 o ot L2 S b Pl 50

3D T TH S B T A A 9 1) 4% 8 4 56 1 R 5 1 {5
BBl Rg AR M HEES S8 REN
b PR o, Ay R BB 6 L R [l B8 O 1 T T
AE .

3 XBMKRERSH

3.1 XWEH

I S 5T 5 R A SCHR Y R
WA BT VEAT TR, W 6 fia. S H AR A
AR KI5 M100 DU g3 AT 48 LA # il X3
Befgsk 5 5 #R R 1280 X 72053 RTK % %5 % H

T NovAtel 2 & & 5 5 NovAtel OEM-615 22 it #lL
B 8 OEKE BE A Sem 38 HE S AL b 0 B 4840 H 2%
ALK RTK 5 A MR AR 09 5008 #c RS o2 09 i =k
TTORAT o 75 1 3 b 1 A0 A e R 02 Bk 7 2 3E T T
KA il 3 5% R 22 50 1 AL e S A 4 AR DR A B
I A S AT A% A S RTK % 3l 3 % 4 [ 52 76 /)N
b R 2D R AR AR B A RTK %l . o 1 AR IR
P8 S5 1 AN BR0 VA 119 4b BV R L 150 TR ABCR AR AR
20Hz. RTK REMR K 5Hz, /N4 247 50 ok 5 K
29 1. 5m/s, ARSI ISR X B R AT B
WA 10000 Wi,

6 XBEA
Fig. 6 Experimental platform

3.2 SRIEHHR

S0 3 T 2k R R R R K Y D R Ml BT 0 AT
PR 43 BT AR SCOR 3 i il BOR FORS BidE . o T U
B B A RO X SR A B i R B i 2 15 i A
PBGHAT e b 31, DA B T RS B BT s
AU B 5 S8 ORB-SLAM # K &4 H#H
PR 5 . W B AT AR U S, B F RTK
5B . B 31k R KE 2 K R A M
SR B Y AT R G0 o R R b U B
HTEB I 7 s B 7(b) Ky 2R S8ER i X 2 i M
b 5 7 (o) o B 800 i Ak s # A 1) B IR Ry
Bl A R E 7 (D R s B 7 e R A — B R g
W b Y TR R 51 36 T ORB_SLAM 2 E R4
Fa 3 1) Jed 8 b L

Al LA AR ST T B b il A AE SR 3 o RTK
TS PR A B2 L A A A G o R R R T Y M
EIfE BB 8 A b5 R T L #1002 5 21 45 /1 R



%3

RTK %fi By iy 8 B 4000 4 1814 2 5 W 52 7 75

P8 P A S T ORIE T ) S R ROBE — BdE

(a)

E J
et -

. _,_.
il
. »

e ‘
'-E?”( wi P ‘.‘:‘

Q) (o)

(D (e)
E7 BE&FIRBEREHRTEE

Fig. 7 Snapshots of the image sequence and the

diagram of map fusion effect

T RS B AT H A, T RTK B096 45 &
R R G W] DAAE S A AL B SE M BRI, Y BHR )Y
G A4 2 5 b A S L AR S 5038 S — A 4 R AR AL
AR g b BB i A G BR TELE 5 RTK £ 4t i 258
VX 5 TR S B0 A B 0E DA R 3 T AR R 2%
FE Xl A b T LA B T G M PR 1 4 e I 5% 2% iE AT
FOH . Rl G b ] 2 4 28 0 M A 0 LA B i
T ORB_SLAM 53 H 30 B B 2k W) 5 38 i is A7 A
SCH AR Y A SRy G b T 5 DG b PR 4 DR G 1A

GBI T ORB_SLAM %4 vE iy 8 i 4 )5 M 18

&l 8 v, R 4 I 2 4 ) 3R 7 D 4 b TR RN R
Hi P Y 4 Jey S BE TR L 4T 4k R RTK Bk, 5
JE U P ) L8 A B, AR AR  TT DA 25 2 it TR
RS B YT 7R G0 M P 2 AR R S A
SR E R T R — Bt L R, SR
JEM RTK Bl A H, &) 8 iR 22 gk 1 Fiw , il
B 5 R Y b P AR ORG B R b A O . (R
SR AT DA i e ol T R O T B0 TR AR R B R Y
7] R, 7 v A PR RO ) ) AR IE T Rl A b
A B A SRy — BOHE DL R R RS

1OOT J5i 5 s el

50| Fil A i PR
RTK#LT| -

OF=

£_100p—i-\ )

—150f e
—200}

=250+

-300 i ; ; i ; ; i

-100 =50 0 50 100 150 200 250 300
x/m

B 8 RTK Hifk .5 & i B UK JF 54 3t [ 59 5 42 ol 0L 325 R = [
Fig. 8 RTK track, the key frame track of fused

map and original map

*1 BMEMESRBMENEBMNERES T
Tab. 1 Global position error statistics of fused map

and original map

Hh & X #/m Y il /m {3 & /m
JE 0 b P B (MAE) 12.5 15.0 21.0
G 1 B (MAE) 7.8 13.4 17.0
iU 1 3 5 i (RMSE)D 17.1 21.0 27.1
Fl G 1 1 2 75 AR (RMSE) 11.4 15. 8 19.5
4 g

PRUEALUE 1 P Y 58 B 1 DL K 4 sy — Bt 2 1
"B UL T Af DC IS 2 L A O B L AR S AT X R AR
SR ECR H O SLAM A 1B 2 48 B 2k W H. I % [0 F)
JEUhiy Y7 S5 0 A S A AT M PR K A ) R
P T — M T RTK {5 5 5 B 4 5 3 9058 3t 141+
RSB . R R W S % AR AT LU 2T
o P A R R Hh RS B RS B T R 4L
T B e IR B SR A b AR A A B RUE
— BRI, SR AR RN AR SO A Y
£ b P 5 BR B R 25 2R ) Dy M PR RE A O FT LA



76

S (5 B

PEE A H SLAM FR iy K] ) 2 4 P

AR SCHR A M P A A B R BAT — E 1 SR R

PLE 17 2 A A R 19 3 22 SR AR T P4 %Tﬁ?ﬂﬂﬁ

AEAE— T2 5 L A5 2l

BTk RTK FRE

E AR BT & o 9 — 20 TR AE b 18T 4 58 %@u&
HEBA LR N — L AT T T 1

S 2% 3k
[1] skife, SRogi, skBENS . MSE AT A M KRR

[3]

[4]

[5]

L7]

L8]

SALE LG BT, 2017, 4(2): 1-8

Zhang Hai, Wu Keqiang, Zhang Xiaoou. The dvelop-
ment of visual navigation[ J]. Navigation Position and
Timing, 2017, 4(2): 1-8(in Chinese).

WWRHLE , J7S0ME . RLLRT, 4. o SLAM BR i
SR ML M4k, 2018, 47(6): 770-779.

Di Kaichang, Wan Wenhui, Zhao Hongying, et al.
Acta
Geodaetica et Cartographica Sinica, 2018, 47 (6):
770-779(in Chinese).

Progress and application of visual SLAM[]J].

Endres F, Hess J, Sturm J, et al. 3-D mapping with an
RGB-D cameral]].
2014, 30(1): 177-187.

T B . ST L Y R E 7 5 1 T AR A
R [D]. B . WL RS, 2010.

Mneg Xujiong. Research on the algorithm of monocular

IEEE Transactions on Robotics,

vision based simultaneous localization and mapping[ D].
Hangzhou: Zhejiang University, 2010(in Chinese).

Xia J, Igbal U, Noureldin A, et al.
root CKF based SLAM algorithm for indoor UGVs
[C]//Proceedings of 2017 IEEE International Confer-

Adaptive square-

ence on Mechatronics and Automation (ICMA) .
IEEE. 2017 1942-1946.

HEDT, MIRZ, BERE. 5. ETREOA R E L
FHIE SLAM B3:[T]. AR K%M CAARBE B .
2017, 47(6): 1094-1100.

Dong Ruifang, Liu Chang’an, Yang Guotian, et al.
Line-based monocular graph SLAM algorithm []].
Journal of Southeast University(Natural Science Edi-
tion), 2017, 47(6): 1094-1100(in Chinese).

L LS SLAM ik WHIE RSB M . b
A EE%TMI’.H&&, 2017.

Gao Xiang. 14 lectures on visual SLAM: from theory
to practicel M]. Beijing: Publishing House of Elec
tronics Industry, 2017 (in Chinese).

EHIA, W, Pae. ETREANFENENS
B R R T ] MLas AL, 2013(4): 118-130.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

2020 4F 5 H
Liang Mingjie, Min Huaqing., Luo Ronghua. Graph
based SLAM: a survey[J]. Robot, 2013(4): 118-130

(in Chinese).

Strasdat H, Montiel ] M M, Davison A J. Visual
SLAM: why filter? [J].
ting, 2012, 30(2): 65-77.
Mur-Artal R, Montiel ] M M, Tardos J D.
SLAM;

Image and Vision Compu-

ORB-

a versatile and accurate monocular SLAM

system[ J]. IEEE Transactions on Robotics. 2015,
31(5): 1147-1163.
TkGIME, Tk, EYE, & . B HERRE S EE

HH i P AR 52
2018, 23(3):

B G B ARLI]. K EIE =Rk
372-383.
Zhang Jianhua. Wang Yanyan, Wang Zengyuan, et
al. Recovery of lost map for monocular simultaneous
location and mapping [J]. Journal of Image and
Graphics, 2018, 23(3): 372-383(in Chinese).
Ballesta M, Reinoso O, Gil A, et al. Analysis of map
alignment techniques in visual SLAM systems[ C]//
IEEE International Conference on Emerging Technol-
ogies and Factory Automation. IEEE, 2008. 825-
832.
RO, Jk A, VOHRSE . [R5 E B e
GPS/DR A& FMILT]. [ FRHE K5 4H, 2014, 36
(3): 72-76.
Cheng Jiantong, Zhang Weihua, Jiang Zhenyu. GPS/
DR integrated navigation aided by simultaneous locali-
zation and mapping[ J]. Journal of National Defense
University of Science and Technology, 2014, 36(3):
72-76 (in Chinese).
tmeds, AN, B, % . FNIRIET R TR
MR PE SLAM Tk (1], AR PESOR 44, 2017,
25(3): 313-319.
Xu Xiaosu, Dai Wei, Yang Bo, et al. Visual-aid iner-
tial SLAM method based on graph optimization in in-
door[J]. Journal of Chinese Inertial Technology,
2017, 25(3): 313-319(in Chinese).
SCHk . GPS_RTK Il 4t £ A 9 5
J5, 2019(3): 150-151.

SrprlId. v Es e

Wen Lin. Application analysis of GPS_RTK measure-
ment technology[J]. Western Resource, 2019 (3):
150-151Cin Chinese).

Mur-Artal R, Tardos J D. ORB-SLAM2: an open-
source SLAM system for Monocular, Stereo, and
RGB-D cameras[J]. IEEE Transactions on Robotics,

2017, 33(5): 1255-1262.





