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Precise location of indoor objects based on ROS and
point cloud images
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Abstract: Considering that the map constructed by ROS SILAM can only describe the two-dimensional
information of the environment, the three-dimensional point cloud image can only describe the inde-
pendent three-dimensional information of the object, this paper combines the information of indoor
two-dimensional map and object’s three-dimensional point cloud image constructed by ROS SLAM's
Gmapping algorithm, and proposes a composite coordinate positioning system. Firstly, different in-
doors are classified and one-dimensional coordinates are calibrated. Secondly, two-dimensional and
three-dimensional coordinates are calibrated by the map constructed by Gmapping algorithm, and then
external coordinates are formed by combining spatial information. Finally, three-dimensional coordi-
nates of the collected object are obtained by affine operation based on external coordinates. Combined
with one-dimensional coordinates, the object is combined with four dimensional coordinates. The

whole positioning experiment data show that the average error of indoor position measurement is only
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4.2 cm, and the positioning accuracy is 6.7 % higher than that of the common ultrasonic and infrared

positioning systems, 20% higher than that of the positioning system based on Bluetooth angle meas-

urement, and 72% higher than that of the ultra-wideband positioning system. The object location

error is small and the location is precise.

Key words: ROS SILAM; lidar; 3D point cloud image; gmapping; object location

1 7]

nu\a

M T GPS TLAEL & N 1 /N 8 85 Jmy B = Iy
WS 2 = NI E i RER T R
AL S . EN/NELEOE S A S KINECT BWE
AEAL A 0 B0 & JR el A5 R AT T LA I ) 245 1 AR A5
Yk E i RGB R & 3 5 a8 = L = 4EFRAE s
= R AE B A RE S SC B AR T 4 1 s 4R 3G T
BAFE,

T FH =4 5 2 PRGBSI R 1 3R ) A AP A 7 B L
S T ELBCE SR O 8, B E R A = 43K
BV A 1O SR A ARG I A A 9 T b vy B AR 1Y R
R ALY N R e ) SONIE T B 7/ N S 11

BTF ROS B b -1 th FHIF R &
G, VF 2 HIA LR ATFIREE, W TF Asbrfs e
3D 5 AL FRER S SLAM 2548 23T ROS LY.,

KBS LT ROS M 1 &y Hfilh, 76 H
A T RPLIDAR A2 #0655 KINECT
TRBEAHAIL 3 5 SLAM 553k X6 55 o4 b 18] 3 A7 552
F g, @it RPLIDAR A2 Ot kM 8 iy — 2
K5 KINECT R85 ki) =4k i s T 2 &
A A 5 A7 SR SIE B A AR ()RS HE RE AT

2 AL R GEARRT

2.1 HEHFENEE

T 58 E N Y RS T 2 L BIF 5, 7E S
¥ [ B0 R R T ROS AR BERUE R 4E# 3
JE AR IR FCE T RPLIDAR A2 OGBS
KINECT #HAL., H ARG E 1 R,

X S AN DA R i B R
RPLIDAR A2 HOLHE B 5 57 =4k = REW
KINECT £ M #Hl. RPLIDAR A2 E. A i i
S FE R AL RE T s AT A K 2 AR 5 FE 9 AR R AT
BOCIRE i, F 7= i s R fE B ik e
= BTN E N 4R diA T M A g T 3RAT]

BT B AR G A

Fig.1 Hardware system diagram

FRRIF 5 b 1A 28 DY A B 2% B 55 A0 R A1 S K I T
TR 7N AFLR: o 35 40 ot S il 02 2 L SR W A e i A
BASHE, ROLIDAR A2 fiy T /E ¥ AE 35 A5 K 47 3
EIRATHZ R,

YR A T DA RGHORS B Hb KA ) A 2 T
TR 23 0] 41 3815 2 . SR & /9 KINECT
TREE FHLR 4 B B W 1 = 4 5 = M5 B A i B
AR X 52 B 5% HE L 2503 A A% 52 ) AN (AR I/ N O
A% 48, 7 H AR A T TR AR B 5 R
KINECT KR 1A 1) = e R Ik i =15 B

FERHE T B 0F 7 & 05, A0 2 58 AR SCIF 9 I8
TERG AN, AR EERHATRT
LINUX #J Ubuntul6.04 &4t 5 EHL &5 A B 4E
Z 4t ROS(Robot Operating System), ROS &
R 240 a5, B S TR TR Y 13 0 22 OK Bl R 45 B
JE P BE A AT VR R I A S A 1 R T R AT
EHLAE e AR — 2 T ELRR P RN T AR AR
SRS MIE T 2N A R T .

22 REHEEXIRRE

A3 i Gmapping HE45 G T SLAMTEC
AT RPLIDAR #0% & ik 9 ROS Yy g
rplidar_ros FREUZ P A L 4% J5 f FH KINCET %
JEARBLEE A orb_slam 4134 35 BU) K = 4k B3 4F 45



600 W5 B

o5 34 4

R B i a5 RS P TR 4
AT 524 A b 5 57 DATIT S 3025 D9 0 44 118 05 1 0
HHEARAE LB AR a2 B,

Ubuntu ROS

|
v v

RPLIDAR A2 KINECT

'

% R
e A BRARSE

v

ZHA TR
KL

| wtpistinz s

v

EAMBMES &
PugEAABRRE

K2 Sk A

Fig.2 Algorithm realization {low chart

3 FAHALMMEESAE

F AT R0 2 A bR AT AR E SF- TR PN R Ao
B SRR AR AT LSRR 4 JE] N PR A A A S
SR FH R 2 DO 4 5245 Al A 14 D R BEAT 0 4 1) R o
SEA S E RS BE . HE o A A O A A R ORS U

DA R AR
KINECTHH
LENE ' L FEt
— et i S
MO | =rEmREN
— SHAR HFKINECTA AR
s EC It
HAEAEE] |
SN A ETFINBLIRAR
Fok = E IR
' T | ga—meRA
P A BB S 2R
P 3 A Al bR U S R
Fig. 3 Flow chart for precise positioning of

composite coordinates

SR E AN E 3 frs

J T WA E ST, BTN AR -
I . =4k 5 = R B R B = 4 A A5 BT &
552G M bR R E N AF IR
3.1 Gmapping EEXENEZE RN EHE

WA UE S 57 1Y) DG B AUTE T 3R U A
TR AR R =GR . 2% Y R E
SRR U AL A DG B — B, 38 IO BT AR R T
EEPZEH,

Gmapping B &5 F RBPF B kL T 18 I &
%57 E1E RBPF B3k BT WS 0 it o
T /N TR Gmapping FE SR T T 2odE S 0oy
Aii o T 9D R AE B Gmapping 525 4
TREBEPEE CRAES

TP A O X A A P M T R R e K,
AU — T R A . SRR A R
AR 43 2H B, — P8 53 A 15 s i 4R U A 5
— W EACE T LAE 4 Sh 6, B R LA R
o3 A g BLAR TR AR B R 3 O A, S 2R A R O A
S (o PO 7E A7 08I0 5 3R A5 R 25 09 = B A
H P AT UL B A %) 45 5L HE R B (O 25 /0D A L
e SR L,

—  HEREUEHRAA
— #OL R A

>R

e

BEFEEPIaTIE

TR E VST
Fig.4 Probability map

T R i AR I A R AR B R — i 28
VB AL IR 24428 A 5 H bR 43 A B
EOREIR G RN DR AR R T (1S AR RPN E NI 7N
I3 KA R 2 — ANk 5] AR AS 3% 8l
BN AT T . B Gmapping 53 B4 Y 2
OB BIA  AR HON BAR T P R AR Y L RE T Y
FCEHEAR AR (D,
np(z, lmi2 ) p (e a2 vu,—y)

p (P x vu, )

Cwi’y e plz Im” ,a) . (D

(D
w, w;—



46

T WL T ROS 5 =4 5 = FHE B 2 N W 7AORS HE X2 7 601

WOG I 3 A A e AR 43 A B 4 0 BB Y B
s 43 At s DRI A R AT DA O 1945 S R B 4 1
3 A R TR IR A B I O3 A1 A 2 BRI H AR O A
PR AR SCR T RPLIDAR A2 306 5 5 0k 4Rk B
AR B I AT A X (2) TR T A AL
AR EALER TG,
pla, Im 2Pz, yu, )=
Pz Im e )p (e, |2 vu, o) (2D

p (2, ‘777'1(91 s, )

w,=w ) . _"ﬂp(z, l2)p (el yu, Ddx.(3)
HAR A TE R Z BN RA — D EfE. A
AT B TR U (R RN T R KA DR AL 2
WA . Gmapping 5735 it 1w 357 o8 S0k 4 2 42
WA I T K A EOE 5 50T LY — A
1o 307 B B Sy B350 A
o :7]% . E/)(z, | m2 ;) e

plx; | 2w o (2 — )G T ()

Gmapping 78 T 5 A i 2 T F 5 A 0 1Y
FEUCATAi AN H AR A3 Ai B R[] ik RO [ A B e
FRATTR b A7 B SR A SRR HE B 43 A o BRI A
HTHE AR

Wi =wil s p ey [ ) =

K
w,(i)] . EP(Z, ‘ 7')’15”1 axj)p(l'] ‘ I,(i)l s U, 1):

WP . 7]“) . (5)
2t Gmapping BRI 58 . Tk
ST SRR 4 . 3XH 43 ok U0 AH X LU ER B, Gm-
maping 57 0 1 BOE — N BAE YR YA AR
AR F AT 2 0 5 {8 B 30 2 P4 T 3R A L X R
I/ T SRAE BB R I 22 TR Ak DT
e b RS E
% [ B Gmapping 381576 14 8 /N 37 5 b 7 B
o 5 RN TR B B DR A BIF 5 R T
Gmmaping B35 X7 H#i & #E 474 4,
AR S s o S g . BR B A RO
KL FH0H 2 R TR A . F S PR B
ol OGRS B B 2L T RAL AR IR T
BRI S 2 ML &, & 5 Al DR 55000 44 &1
(ISZIR . TER EIEOLR A E P 30 35 m %) 150
) 2ok AR v A B A RS R A A AL TE A A AT
3 T I X A B BE R 150, TEERE AL
L F %05 » Gmapping AY Linear Update 1 Angular

Update Z B0 4 IR AL & 7= A 5o i, d5c 283 5
FEXTFATTEE£5 T Angular Update 2400 0.2 , H
Linear Update Z %4} 0.2 B Hb [ #4) 22 %0 5 &% 4,
XF LR AN 6 T .

p=120 p=150 p=180

IR R R S A AL

Fig.5 Influence of composition number on composition

Angle Linear Angular update

90° 0.10.1 90° 0.20.2 90° 0.30.3
r-—;fﬁwv [
B ]
;,’.{:;%
y

% 6 Linear Update #1 Angular Update X} #4 K] A4 52 Wi
Fig. 6 Influence of Linear Update and Angular

Update on composition

T AR SCHE PO R %0 P = 150, Linear
Update 5 Angular Update #F& 0.2 #E 47 # F Al
J B
32 ZHAEERHRE

TYEAR R bR E SR RSN A AR R o EE ST
B SEAE . A 7E R BUHL Rviz BAFP AT Dok 2
S HERTIAE N 2D & O E A 0 A2
A AR bR B R L N TE S ] Dy Y Ak
PR a.y il BT ENEE NN, ARG X
Rviz A% 25 LU 5] 40 00k 3145 B 7 B 4% < 58
Koo HEO) T DUE B AT & — sy A py, Horpr P
BN BT Rviz ISR BB &

Y,
nk

N 2D M [T Y A B bR E 2 I 5 A HEROR

p(l'i,yi)=(£°n n;) . (6)
nk



602 W5 WoR

o5 34 4

WK 7 s,

B 7 AT— ) Y bR

Fig.7 Two dimensional calibration of any point

33 YER=ZHBESZERKN

ASCH KINECT ¥ B AH ML 3R B 22 o 9 14
S E% ., 78 PC %5 Rviz 05 B F 5 1 75 58 30
H AR AL SRS B 2 IS 06 1 32 % o) b s i A H bn
R NI AR Sk T B £ e v R 2 s L FR
TR B R A IS 23 A 15 2 L 9 Ak e 1Rl e 2 %6 3
A T) 4 4058 AR BB I 25, 25 DA T 3045 4 1 = 4 ot
PR

K8 mIEEBERHIENS
Fig.8 High definition image and feature point cloud

P 7 v Ze P45 4 15k R B 1 T PRI AR
A LU R AR AT R AR X PR A 2
Hh R B E L WA 2 L A R A ) A B O K
>R 4R R A% 22 UOR [ A% 3 LA PR UE R 58 08 2 19
fiE A5 o R Ja AEAS AU HL P FT 0T Rviz fl 0] IR
FERER IR =G R T A9 FrR,

Ko #ik=4im=
Fig.9 Object 3D point cloud

Horb s a JrHE R B8 Sh IS AT B 3l 20 B0l = R
KA BN YR =25 = BHR
34 SEELRBEEM

T SCHEAT DU E L AR RIA . e
A1l PRI AR AR 1 2 A bR 2 A A AR B AL A R 4
L A N S PO D 0 7 N 1 el B o
T VI0 I &5 G 0 A A 2 4 ol O 2 5 07 AR A R

VO 2 A b 2R A 58 UG, AT AR R R A
YIRS =405 B B ARAF W IR = dE R AE 5 = &
BT IR RIS A B AR S T R

T8 3 LR AT SR BORLd 08 U AT o R AT
UEUE . KGR UL A% 0 4 b S W] DA B 3 SO A
S T A3 0] 43 A 1 8 5T 10 U R B T LA E L B
NG, B AR R FE AR S K Z 5 m 3 i 4%
R RS

1 KINECT #0515 8 £ 1 T E J5 38 n] %0, A%
SCIRAG I 5 2 HOHE A BR AT 2 A T KINECT #1758
RSN KINECT MHEA% 3k Ak bR 2 A3 AT
FE LR AN I A AR R AN TR, PR I R AT AR 4l A A1E A
BT S EACT I ST T AR BR AR SRR R (D)

R,‘ t;
T,' — ) (7)
000 1

Hh SRR 3 T 3 ik R, KR BN
=Hemd e o JAME o PREHBTRC R M A
S ABBRIE po SRR IR XL TR o P AR TR
Q ARYEAZHe 5 Z ] LU 3 AL T HE @ v 9 4
PR T.Qu o a5 AR O

M
argy, min ) JE(P,.T,Q,) . (8)

T AT E A 5 22 ) B R R 2 M T pR
BOE ., 78 SChrR P B 2 RO L A5 B S R A,
E(P,Q =(P, —Q)"'+(P,—Q)"+

(P.—Q." (9)
Horp P %% P ¥R T KINECT i =4 b5, T,
Shy A R AR A B L SR AN R AR Y TR T A TS
1z AL bR A It AR B (B B T R AT Y A
AR AR R .

A A B AR AR o A AR ) S S T
WERR (M AR AR P o 3X BT KINECT = 4 A 45
1B 5 2 500 30 0 132 BB — MR R i = e R
s,

PP BR T S A R E SRR S B AE B2 ik
AMEATZMSANGEL., B TREEMY KRS



46

TS T ROS 5 =40 a0 2 PR % 9 0K i & (o 603

RBAE— @B Z N TR AT 75 2 N 5 2 A
FREBRYY, ARE S IR R EB Y
=YL AT BT L, 5 ARG U A A X A 2 AR
5 S S Uy &/ TN < e RS M 7/ R N S T T DR A 1)
BMABUREE BRI, I IRATAT LA A 4B A
P L 3 e B A K IME T s AT R 2K T AR
P HAEMYARR S P, X8 o fF B & H
TR YA r B AR5 . 25 B AR SR A
(4 R 23 SR TR R 3 T H 5T R EAS 20 Y, BRI A = K
PEHET KINECT =4 bRl T .
Kcenlroid:]biﬁ;(x,',y,’,zi) . 10)
ST, T WU TR 25 RRAE A
BMETELEWY 2, (B By 2GR,
fEEEF KINECT 9 = 4 Ak bl 2 58 (1) 433 0y
SR R ARAS D AR T AN IR AR BR R o FOARAR

N
P=>T,PC, . (1)
i=1

PRAS 5 — 4R A AR L 3R AT W AR 14 DU 4 A A
B 38 A R L B

4 FBER

X BT Pk LR SR A RIOR K 2 X

;ﬁ&*y
N PR
L et o
‘i’f_"% A

Ca) T ZE L DY 4 Ak b 22 or
(a) Four-dimensional coordinate location of bottle in

room I

(b) 11 % Bufi o 4 A b b 72

(b) Four-dimensional coordinate location of doll in

room [[
10 2 o 92 3 45 L I

Fig.10 Location experiment result diagram

Py VNG 5 (L SEBR 25 SR R 10 Bz, 520 s ) 4R
FEWNHALEF IR R ZE RA 4.2 cm.

ZIRARSCR S T HAl 3 R E NP R E AL R
G V0 E AL AR GE R S A AN E A RS
BT W A A R 0 2 A AR N A TR 2 N BRI TR
PNE7/RE iR RC RANE /L o[ (B F D =R VAR = a8 N
3 FhH UL A = N RE L TT I 7R SO R B g L K
REAE . FE LRI ISR 1 PR

Fz1 EMMEILE

Tab.1 Comparison of positioning results

PN EAL D A
Pk KB /em WM OK§EE/cm

7ok

W EM AL WT 12.0 Bl 18

WENgSas ke ]
i 4.7 B fH 4.3
I

T M .
) T 5.0 Il
{1 5 oL 7 gt

(o2
(2]

BT ROS 5 =4 % -
A L mF 43 Iifd 4.
= [ E L R G

Hy S 06 25 5 AT LA B A OB L G 2 L &R 48
Xt % AR S A SR o s DG G A B R HE £ /)
YR B RS B

ASCHEM T — a4 & F ROS 9 SLAM
SR = L R AE A 00 R o e B T R
i,k T ROS SLAM HfE#i ik — 45 &, =
N S IR [ B /R VA Bl D S N 7
3 S 45 Aok B L E RS BE LR E DL
P SO RENRERE 6.7 % W ETESF
FFRE W S 1) 5 A 7R G E RS B4R S 2000, L
Vo EN R GARE 72% 0 WK B e 2
(Ve TE N



W5 B 5 34 %

604

& X X

(1] @ Ay AT 345 FR B, 5 25T ROS W5 IR 95 HLEs N BRPF BT[] & 8 5 k2 8 22 8 K ,2017(24) :29-34.

TIAN Y Z, HE C W, CHEN S G,et al. Software design of hotel service robot based on ROS [J]. Low Voltage
Apparatus, 2017(24) : 29-34. (in Chinese)

[2] KANG XY, YINSJ, FEN Y L. 3D reconstruction & assessment framework based on affordable 2D Lidar [C]//
Proceedings of 2018 International Conference on Advanced Intelligent Mechatronics. Auckland, New Zealand:
IEEE, 2018.

[3] KHOSHELHAM K, ELBERINK S O. Accuracy and resolution of Kinect depth data for indoor mapping applica-
tions [J]. Sensors, 2012, 12(2);: 1437-1454.

[4] ZAMAN S, SLANY W, STEINBAUER G. ROS-based mapping, localization and autonomous navigation using a
Pioneer 3-DX robot and their relevant issues [C]//Proceedings of 2011 Saudi International Electronics , Commu-
nications and Photonics Conference. Riyadh, Saudi Arabia: IEEE, 2011: 1-5

[5] YAMAGUCHIY, KIM H, KATO K, et al. Proteolytic fragmentation with high specificity of mouse immunoglob-
ulin G mapping of proteolytic cleavage sites in the hinge region [J1. Journal of Immunological Methods, 1995,
181(2) . 259-267.

[6] ABDELRASOUL Y, SAMAN A BS H M, SEBASTIAN P. A quantitative study of tuning ROS gmapping param-
eters and their effect on performing indoor 2D SLAM [ C]//Proceedings o f the 2nd 1EEE International Sym posi-
um on Robotics and Manufacturing Automation. Ipoh, Malaysia: IEEE, 2016 1-6.

(7] FPER.2HZ% 9, FATICHEE MW Z RE 5 Z O BT & &S5 257,2018,33(9):816-822.

LU B B, HUANGFU Z Z, GUO K, et al. Bilateral filter based multiscale layer tone mapping algorithm [J]. Chi-
nese ]ournal of Liquid Crystals and Displays, 2018, 33(9): 816-822. (in Chinese)

(81 Ml we, 4k & =2 i 2 B0 PR P ICP R ik Bk £ [0, o B i 3 K % % 4%,2010,40(1) :99-103,

XIE Z X, XU S. A survey on the ICP algorithm and its variants in registration of 3D point clouds [J]. Periodical
of Ocean University of China, 2010, 40(1): 99-103. (in Chinese)

(9] Bmd,EZRH#, Ko Tk h =4 ABAR RENHRT] n %5 = 8 w245 8 ,2018,41(6) :56-57.

MA L X, WANG F Y, CHEN X. Three dimensional coordinate systemtransformation in industrial measuring [J].
Geomatics & Spatial Information Technology s 2018, 41(6): 56-57. (in Chinese)

[10] ZE3. A4, R4 LT RIS RRAE 0 = 2 58 2 B0 R i 50k [T .31 AL 2 42,2011,37(10) : 249-251, 254,
WANG R, ZHOU M Q. XING Y H. Reduction algorithm for 3D scattered points cloud data based on clustering
plane feature [J]. Computer Engineering , 2011, 37(10): 249-251, 254. (in Chinese)

(117 %8 K Kinect s = 8088 19 2 R FIFAEE A F2 2 A2 Db 5t . b [ i BT K 2= (b 50) , 2017,

CHANG M. Autonomous positioning in indoor unknown environment using Kinect point clouds [DJ]. Beijing:
China University of Geosciences (Beijing), 2017. (in Chinese)

[12] ) & A Ok i 8 9840 %8 N 8 L SR BIF R LD P 42 - K2 K%, 2017,

LIU H J. Research on improved UWB indoor positioning algorithms [D]. Xi’an: Chang’an University, 2017, (in
Chinese)

[13] 8§ S B T WA L 5 20 im0 % 9 52 I 8 A R IFGY 5 S D] R M - A4 K27, 2017,

ZENG X B. Research and implementation of ultrasonic and infrared based real-time indoor positioning system [D].
Quanzhou: Huaqiao University, 2017. (in Chinese)

[14] B & ETRIAERE S 1% AN EMEARFELD]. T3 T3 K4%,2015.

SHI Z J. Research on indoor positioning technology based on low energy Bluetooth [ D]. Ningbo: Ningbo Universi-
tys 2015. (in Chinese)

EBE I :

AR (1965 —), Lo, H AR OA L #
¥ A4 S0, 2000 4E T PR K &

Se2FAE T AL S B B 5E T AR AR T+
SRR RL L2y BT T ] R A,
IRAG S 2E L 5T R A R A B Sl BFCIT N B 1 AN AR

#, E-mail: shandian98@163.com = “1 A . E-mail: piaoyan@ecust.cdu.cn

JCH 7Y

FOFEA993—) B EHMEEMRTA
A AR, 2016 4F TR A T K%




