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Implementation of a Flexible Architecture for a Mobile
Power Cart Applying Design Patterns

Jong Min Lee’, Seong Woo Kim'™, Oh Jun Kwon'""

ABSTRACT

Automated guided vehicles have been used for a long time to increase work efficiency in the logistics
field, but it is difficult to apply to a variety of logistics sites due to either the restricted movement
mechanism or expensive devices. In this paper, we present a flexible software architecture that is
hardware-independent for a mobile power cart of the follow mode and implement it using a ROS software
platform. Through the SCV analysis for the system functionalities, we design a package to track a user

movement and a package to control a new hardware platform. It has an advantage to use a variety of

movement algorithms and hardware platforms by applying the strategy pattern and the template method
pattern for the design of a software architecture. Through the performance evaluation, we show that
the proposed design is maintainable in terms of a software complexity and it detects a user's movement
by obtaining a user skeleton information so that it can control a hardware platform to move at a certain

distance.

Key words: Mobile Power Cart, ROS, SCV Analysis, Follow Mode, Design Pattern
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Fig. 1. Graphviz diagram of the URDF file of a mobile
power cart.

xyz: 006 00.1
y: 3.14159 000159265 3.14159
base_to_wheel|

base_laser_link

Fig. 2. 3D model of a mobile power cart with tf.
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Fig. 3. A control system of a mobile power cart.
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Fig. 4. Software architecture overview of the mobile
power cart system.
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Table 1. A list of functions in openni2_tracker

Tracker «abstract»
+moveControl
MoveControl

+ publishUserinfo() :void
publishjointTF() :void

+ move() wvoid

[\

Constar Control | | AdaptiveMoveControl

+  move() :void +  move() :veid

Fig. 5. A class diagram applying inheritance.
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Function name Description

main() Create a nite::UserTracker object and update user states with the skeleton information
updateUserState() | Print the status message of user tracking

publishJointTF() Broadcast the TF information of a given joint
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Table 2. Code fragments of the ‘MoveControl class

1 | /* For simplicity, parameters are omitted. */
2

3 | /* deu_impl::IMoveBehavior *moveBehavior; */
4 | void MoveControl::calculateVelocity(...) {

5 moveBehavior->calculateVelocity(...);
6|}

7

8 | /* virtual void publishVelocity() = 0; */

9 | void MoveControl::move(...) {

10 calculateVelocity(...);

11 publishVelocity();

12|}
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- me MoveControl*

- nh cros:Node Handie

- br itf:TransormBroadeaster

- g_viibleUsers ool ((MAX_USERS])=

{false}

- userld :int=-1

- linear_x :double= 0.0
- angular z :double =0.0

- velocityPublisher ros::Publsher

- cmd :geometry_msgs:TwistPtr

i ’
(IMAX_USERS])= {nite::SKELETON...

- current userid int=-1
- if_prefix :sd::siring
- relatie_frame istd: :siring

+ MoveControl])
=1+ setpublher() woid

+ setuserid() :void
+ getusarid() :int

Tracker{)
updateUserstate() vad
publih Userinfol) void
publihJaintTF ) :bool

+ movel) void
'+ calculateVelociy() oid
+ publishVelosity) :void

+ getPublisher) iros::Publisher *

+ getCmd() :geometry_msgs:TwistPtr

gullrSpeed) sdouble

t g

+ _getMaximumAngularSpeed() :double

Point3D
- x double
-y double
- 2 double
e cenumeration» move_type
+ Pointap() Befs0N. S5l NO_MOVE
'+ PointaD() PERSON_IN_ZONE FAR_INCREASING
+ getX() idouble PERSON_FAR NEAR_INCREASING
+ satf) woid PERSON_NEAR FAR_MAX_SPEED
+  gety() :double P NEAR_MAX_SPEED
+ sety() wod Bl FAR_DECREASING
+ getz() :double NEAR_DECREASING
+ setzl) woid
+_gethngle() double S

IMoveBehavior
_ioveBehavior |#  serid iint=-1

% p_state :person state= PERSON_IN_ZONE

+ IMoveBehavior|)

+ caleulateVelocity() :vod

'+ setUserid)) woid

AdaptiveMove ConstantMove

- prev_err p :double =0.0

TurtleBotMoveControl

MpcMoveControl

- current_move_type :move_type

- prev_angle double =0.0
2 + ConstantMove()

+ TurtleBotMoveControl()
+ pubishvelocity() :void

+ MpcMoveControl()
+ publisVelocity) void

gain_p double=1.0
gain_d :double=0.001
gein_angle double =10

+ caloulatevelocity() void

AdaptiveMovel)
caleulatevelocty() vord

T F FE

Fig. 6. A class diagram of the ‘mpc_follow_mode  package applying design patterns.
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Odometry 3¢ A<)7tt

Table 3& BaseController Fj 29 &2 Z= F
AE=Z cmdVelCallBack®} updateTransform 23
F o)L 2t sendMovelnformation® getEncoder
Value 7% 29 goldS T A&ste] REE

BaseController

+ BaseController()

+ updateTransform() :void

+ publishOdometry() :void
initialize() :void
cmdVelCallBack() :void
initialPoseCallBack() :void
calculateNextPaosition() :void
calculateNextOrientation(} :void
getEncoderValuef) :void
sendMovelnformation() :veid

/ X

MpcFourWheelsController

=

EE

MpcBaseController

emdVelCallBack() :void
calculateNextPosition() :void
calculateNextQOrientation() :void
getEncoderValue() void
sendMovelnformation() :void

# getEncoderValue() :void
# sendMovelnformation() :void

*® ##ow s

Fig. 7. A class diagram of the ‘mpc_navigation’ package.

Table 3. Code fragments of the ‘BaseController’ class

/* For simplicity, parameters are omitted. */

void BaseController::cmdVelCallBack(...) {
// calculate velocities of two wheels
// according to a given ‘mpc_cmd_vel’ topic
sendMovelnformation(...);

)

void BaseController::updateTransform() {
getEncoderValue();
// broadcast TF
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Table 4. Comparison of complexity metrics

HI IR JtEQ| 045t OBDIEIN 78! 753

Metrics Package openniZ_tracker mpc_follow_mode
the number of classes 1 8
the number of functions 3 28
total number of statements 83 399 (481%)
average number of statements per functions 217 14.25 (51.4%)
total McCabe complexity 28 143 (511%)
average McCabe complexity per functions 9.3 5.1 (54.8%)
Table 5. Development environment of a mobile power cart
Device Description
TurtleBot Kobuki Base. Max. linear velocity 0.7m/sec. Max. angular velocity 180°/sec.
ASUS Xtion Pro Live RGB & Depth image sensor. Distance of Use: 0.8~3.5m
RPLiDAR 360° 2D laser scanner. 55Hz(2000 samples/sec). Max. range: 6m.

tu 14.04 LG4 Aol ROS Indigo M A& A ]3¢
#H ROS AHANAE Mdst At ARgAFe] o &k 33¢
2 Zo]l AR QJE& ASUS Xtion Pro Live 7} 22
AHE3tA o™, & 9x F4 (localization), AW A=
A4 Sole RPLIDAR AAME A&319

Fig. 82 RPLIDAR AlA & Al83te] Rdd g =2
v 79 7E digk | X 4 71 28 A7
£ iz A48 ETE AMESHY] RoFE d9o|t
2t 919 JlE F o) = -2 RPLIDAR AlA
7} &3 Aol E(obstacle)o] ™, 71 FH FAL
nE 2ot 9] 7tEVE 3 v F Yl B E
Aol & (inflated obstacle)S 2| w| gt} wh3h A $)A)
Ev 2htY 9] B A AR EE T A" 54
He Ay AxoA AARHe W

R e R =R
UEll= A 22 RPLIDAR A 25E 8d BE
25E & A FAo] AdsA Ha e & T
At

Fig. 8. Localization of a mobile power cart.
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ig. 9. Skeleton information generated by ‘mpc_follow_
mode’
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Fig. 10. Linear velocity of a mobile power cart.
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