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In this paper, we describe the development of a new SLAM algorithm for differential drive robots
using 3D LiDAR. Traditional SLAM scan matching often employs ICP (Iterative Closest Point) matching,
which evaluates point-to-point correspondences, or NDT (Normal Distributions Transform) matching,
which evaluates point-to-distribution correspondences. However, these methods require repetitive
optimization, which can lead to local optima and fail to calculate the correct position and orientation
(matching). Therefore, this paper proposes a new SLAM algorithm that leverages the characteristics of
differential drive robots by limiting their movements to in-situ turning and straight-line movement. This
approach eliminates the issues associated with ICP and NDT matching and treats the problem as a linear
estimation issue, enabling fast and stable position and orientation estimation. The effectiveness of the
proposed new SLAM algorithm for differential drive mobile robots is evaluated using a 3D robot simulator.
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Fig.1 Flow of the new SLAM algorithm.
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Fig.2 Robot movement in response to user input.
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Fig.3 The position of 3D-LiDAR sensors in an
autonomous mobile robot.
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Fig.4 Robot movement for aws-robomaker-small-
house-world.

WFEA1T72 9 7212 aws-robotics 78 OSS & LT
s Bl L T vwW %  aws-robomaker-small-house-
world[9] &£\ H FZE D 3D 7 /L% gazebo & FEIEHL
DMERY X 2 L—& BIZEWTHIH Lz, ARRREET
X, RO SRR CHENT-BMAIEIC Fig.d OovR
v hEEWT 10m BEE S 7%, B0 2n /28
fRHAHAER] L, 3 4m B S CTRIEZ1T72 9 .
32 MEHEEFALLGWMEEDHER

ARRGEECEB T, 2.3 ICBT 2B ES oM T,
X T HnE 5, HHETH 1.0 L0 KE WS % R8N
LT L7, 7, 2.4.1 1050 2B AQ, 0k
ECIE, ked K& W THH T 2 o EHma 5 & L
7. TNHREDS &, RWFZEIZET 5 SLAM 7V
TV AL AT EREMX 2S5 L -F5 8% Fig.b
(e




Fig.5 Result of not using new SLAM algorithm.
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Fig.6 Result of using new SLAM algorithm.

Fig.6 25, HiERE) L BEER 2 1T AT —
WCT T EIC L > T, AF ¥ U EEEHC /A4 X
NEENLHEAE T, BEHIK OTE 0 30H S 4, K
EDEWBREHK OREEN TXTWD Z L RHERT
5. BT, 3.2 OFER L LN TEESEEZE Y OWMmELN
HECTHY, /A AOEEZ/ NS TETWVWHI L
Ay SYIEVLN

4. LIV

AR TIE, EERENE & (B HER 2 EfT AT —
T TITRHYZ LT, AXxy o~y F L7 THED
% M 2 e E R IR Liz# Ly SLAM 7
NIY ZLERE L. (D ICP ~vTF 7R
NDT ~ v F o 712 XL 5 SLAM TiE A ¥ v o SR
9 2 AR T8 & AT V& FERRIE O fci{b
BEE L TsRD D012, IR EE{LT LY
AENUETHoT-. ZFZTRHELEZT VY XA
TIE, v ARy hOBE) & EESE) &G HER o A
D ODFIEIZRETHZ LT, EFTAT—VITh
G R E RIS LCEELZ, I 21—
a VERBICBITARMIETIE ) A ADOFLTZAF v
BEEZFH L CREMXEZ AR L, BEOSWERE
K OREENTE D2 2R LTz

& XMk
[1] BRFEFEEXE: “METI Journal” , Vol7, No.6,
2014.
[2] A. Stefek, T. V. Pham, V. Krivanek and K. L.
Pham, "Energy Comparison of Controllers Used
for a Differential Drive Wheeled Mobile Robot," in
IEEE Access, vol. 8, pp. 170915-170927, 2020.
[3] L. Canete and T. Takahashi, "Development of
a novel switchable omnidirectional wheel for

performing cooperative tasks using differential
drive mobile robots," 2017 IEEE/RSJ
International Conference on Intelligent Robots
and Systems (IROS), Vancouver, BC, Canada,
2017.

[4] Szymon.R and Marc.L, “Efficient Variants of
the ICP  Algorithm”, Proceedings Third
International Conference on 3-D Digital Imaging
and Modeling, pp. 145-152, 2001.

[5] P. Biber and W. Strasser, "The normal
distributions transform: a new approach to laser
scan matching," Proceedings 2003 IEEE/RSJ
International Conference on Intelligent Robots
and Systems (IROS 2003) (Cat. No.03CH37453),
Las Vegas, NV, USA, pp. 2743-2748, 2003.

[6] L. Zhang, S. -I. Choi and S. -Y. Park, "Robust

ICP Registration Using Biunique
Correspondence,” 2011 International Conference
on 3D Imaging, Modeling, Processing,
Visualization and Transmission, Hangzhou,
China, 2011.

[71 ros, actionlib [Computer  softwarel,

https://github.com/ros/actionlib.

[8] 75 Ffd, AT —, "Shit BRI AR 72 =Rt migE
A OEERATHIOHEE." HAR R v FFEEEE, vol.
31, No.6, pp. 624-627, 2013.

[9] aws-robotics, aws-robomaker-small-house-
world [Computer software],
https://github.com/aws-robotics/aws-robomaker-
small-house-world.



