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Development of Range Sensor Based Integrated Navigation System for Indoor
Service Robots
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Abstract : This paper introduces the development of a range sensor based integrated navigation system for a multi-functional indoor
service robot, called PSR (Public Service Robot System). The proposed navigation system includes hardware integration for sensors
and actuators, the development of crucial navigation algorithms like mapping, localization, and path planning, and planning scheme
such as error/fault handling. Major advantages of the proposed system are as follows : 1) A range sensor based generalized
navigation system. 2) No need for the modification of environments. 3) Intelligent navigation-related components. 4) Framework
supporting the selection of multiple behaviors and error/fault handling schemes. Experimental results are presented in order to show
the feasibility of the proposed navigation system. The result of this research has been successfully applied to our three service robots
in a variety of task domains including a delivery, a patrol, a guide, and a floor cleaning task.
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Table 1. Exclusive sets of the Localization statuses.

States Decision parameters
Static V.S' Corruption raio of measured sensor data.
Dynamic
Polygonal vs. The result of Hough transform (voting
Non-polygonal | number of candidate feautre).

Global vs. Local Sample distribution and multiple guess

possibility.
Reliable vs. Not | Matching ratio of measured sensor data
Reliable whose erros are less than 10 %.
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Fig. 8. Samples and Sensor Data During Global Positioning.
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Fig. 9. A Dynamic Experimental Environment.
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Fig. 10. Autonomous Map Building.
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Step 1: Gathering all necessary input data

(1) Obtaining the current position of a robot

(2) Setting target node point as a goal set.

(3) Generating an obstacle set from the active map.

Step 2: Building the navigation function.
(1) Calculating intrinsic cost.
(2) Calculating adjacency cost.

Step 3: Checking error states

(1) Checking whether the original goal is restored.
(only if the original goal has been changed.)

(2) Checking whether the goal is occupied.

(3) Checking whether no path to the goal exists.

Step 4: Generating path set (only if one or more of

path updating rules are satisfied.)

(1)Constructing a path set by steepest descent
method.

(2) Smoothing the path using Bezier interpolation.

(3) Performing velocity planning.

ad 1. A9 AEAE daE
Fig. 11. Local Path Planning Algorithm.
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Fig. 13. Petri net Model of the Process PrAutomove.

%A @od, AR HAR Q1 TEAX AE MAFch

Atd F8 Az=gloAE, HEeMo] Agteo]de]
AL 71 EHQ & E(Formalism) &2 AREFEC) Av]
ol e} AT el okl dHER e ¢ Un
01“*1501] o3 FFog FIE 4 o ﬁﬂEFJLi
AHES ghdeit) gk HEZUR ofe] gAY F4stE
E?ﬂo}:tﬂ &3tk szﬂEﬂ e AlZFARL, 18]l ek
A HRAA 2 ARE JEITh AIZARD BN, HEER
e Ao} 2A& AlZtet & £ i Al2¥e] AeEE Kot
TH37] 94 Ik iG] B2 S AHEE o2 A)AEl)
2 Aol g 71Eo] 7Hsstth £8A dgolM e,
AAE 2Aol| g FEA mde AlE F YL, olddl gt
Aol Zhssitte e 7Hch 1 9o, g AXE
o} =7} EAgTRE AR & 7HXE Aok |4 AZ
A A\Axo] 7HdtaL, AlEH o)A B E40] e thte
F2/44 =78 g4 72 ¢ dok AE g &
Agt 270 1811919 22 o7 £3& B €& 4 Ik

v. U 7kx) SRS 6t gt

E7 olf, vid AL i, £ § vl /A 5ExEYe)
PSR ZYEFE B3 AH¥¥ez FHEHJE o EXEE
Ftzdl o], MeE FI Al2EL @A) ARE
Pk B Aoxe shdd T3 Ao FAHFHoR ofw
He2 A2 2ol ALRHAEA] 2IIEES St
1. 274 ol =

B ol Hge 73 2 27 U@ UHEE B &
7 Ae dEA A F sheoitt 28 4= FHH olF
) Ao E Btk 18 15 A Ado] Faw
#43 AA Az AEE YEbAL) 80m x 35m 2719
%*%k Lu2 BHojt BEX AYLE FATE 1H
A oz Hrle Aot o8 dof EdE
il %l—t— PSR-12 Z7]9) AJale] A& LA E3tn= o

MOt - Xs3t - AAESS =X M102 H9& 2004.9

2 3% 139 AEIY 2E A,
Table 2. Description of Places and Transitions.

PL/TR Description

P;(P;) | Executing (Completing) the behavior BhAutoMove. |

P;(P,) | State: The original goal has (NOT) been changed.

Error: The path to the goal does not exist. (The robot

P, . . .
4 stops moving and waits until a new path is detected.)

Ps Fault: The path to the goal does not exist.

Error: Reach the temporary goal and stop moving until

P.
7 the original goal is restored.

P Fault: Reaching the original goal is failed since it is
§ occupied by an obstacle.

Error: The behavior BhAutoMove CANNOT extract
Py the desired point from path set. (The behavior reaches
the last point in the path set.)

State: Normal localization. (Localizer updates a robot
position periodically.)

State: Abnormal localization. (Localizer doesn’t update
Py a robot position, and robot navigates only by using
odometry.)

P Fault: A robot fails to find out its own position.

Process supervisor (PS) starts (completes) the behavior
BhAutoMove.

Local Path planner (LPP) changes the original goal due

t .
to the goal occupation.

LPP restores the original goal position since the
obstacle is removed.

t3 LPP detects the error “no path to the goal.”

ty LPP finds out a path to the goal.

PS terminates the behavior BhAutoMove due to “No
ts(t;3) | path to goal exists” (due to “The failure of

localization.”)
t7 PS reaches the changed goal and stop moving, ]
N LPP detects a new goal which can be the original goal
s or another temporary goal.

PS terminates the behavior BhAutoMove due to the

b failure of reaching the original goal.

The behavior BhAutoMove CANNOT extract the

t
10 desired point from the path set.

1 ) Localizer finds out the estimated position is (NOT)
11 (t2

accord with the actual robot position.
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(c) Releasing trailers and picking object (d) Placmg the obJect on the trailer
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(e) Docking the trailer (f) Navigating to the destination

(g) Picking the object from a trailer (h) Returning to the initial state
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Fig. 14. Scenario of a Delibery Task.
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Fig. 15. Experimental Environment for a Delivery Task.
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Fig. 17. PSR-2 in a Cleaning Experiment.
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