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ABSTRACT

In view of the common logistics robot and vehicleis difficult to adapt to the complex and changeable requirements
of modern logistics environment, the respective advantages of omni-directional mobile mechanism and robotic arm
used in the traditional logistics are combined to design and develop an omni-directional mobile automatic guided
logigtics platform with a robotic arm. In this research, detailed structure of omni-directional mobile mechanism and
the robotic arm for the platform is designed. Software and hardware of federated control system for the operation of
omni-directional movement, automatic guiding and action of robotic armin the platform are built with the PLC and
touch screen as the core. Subsequently, the system control logic was explained and the physical prototype was
developed. Finally, an experimental study was carried out in logistics engineering laboratory of Beijing Institute of
Graphic Communication (BIGC). The research improved the flexibility of
logistics transmission equipment, increase the operational efficiency of logistics system and intelligent degree. It has
a certain value for the related research for the application field of the mobile robot and logistics equipment field.
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INTRODUCTION

In some cramped space, uneven pavement, andchéegeadlonment, the  occasionsvehicle change fredyent
how to quickly complete the task for logistics \w&@és, not only can satisfy the working environmant achieve
the objectives, but also can show

Considerableintelligence, is one of the difficdtie inthe academic fields widely attended[1]. At
present, the Automated Guided Vehicle(AGV) appligdely in the field of logistics requires fixed atrinavigation
Realize its motion requires a larger space, andtiobility and degree of intelligencelimitations. Tefore, the
omni-directional mobile robot's that can move fyeahd quickly in the narrow, crowded place become of
the hot and difficultdesigns [2]. Logistics fieldlwlikely become an important application in th&lél of the
omni-directional mobile robot. Over the past selemecades, domestic and foreign scholarson the
omni-directional motion  mechanismand omni-direction mobile robot, kinematics modeling  and motion
control of a lot of research work, and made a Ibtrasearch. Siegwart introducedthe structure, katéra and
positioning about some classes of the omni-direefianobile robot[3]. CUI discussed the adaptivekiag control

of wheeled mobile rrobots in presence of longitatlislipping, and presented an algorithm of trajectontrol[4].
Parka studied the adaptive neural sliding mode robrdaf nonholonomic wheeled mobile robots with miode
uncertainty[5]. Hou proposed an adaptive contna@tegy of an electrically driven nonholonomic mehibbot via
backstepping and fuzzy[6]. Howard proposed a modelfiant nature to local and a global motion plagnhas
enabled a rapid and successful application of thieskniques to a variety of platforms[7]. Das desi and
implemented an adaptive fuzzy logic-based contrdtie wheeled mobile robots[8]. Wang modeled andlyred
wheeled mobile robots in the condition of skiddangd slipping[9].Gonzalez researched on adaptiveérabfor a
mobile robot under slip conditions using an LMI-edsapproach[10]. Cupertino presented a hierarcluicatrol
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strategy in which three different reactive behawiare fused in a single control law by means afzayf supervisor
guaranteeing robot safety and task accomplishnintfMbout robots in logistics, Cosma discussed sissaes
including the design andintegration of mechanidaiments, the development of non invasive localiratand
guidance procedures, the design and control ofpgrgsdevices for specific box/storage combinaticarsd the
development of testing, verification and validatiprocedures satisfying strict pharmaceutical regnia[12]. Li

analyzed the feasibility of improving AGV to mebetrequirements of field environment and operasiamdard of
substation, and then the design scheme of AGV basieot system used in substation equipment inspeds

brought forward[13].

Meanwhile, logistics handling robot is an unmanrdomated handling car with non-contact controdiuted
devices, based on the battery as a power sourdeh wghwidely used in logistics systems to reatiaego transport
function[14].Related technologies have conductedlepth research and have made significant achievisme
indomestic and foreign, such as vehicle contrath gdanning, computer control and principle, systesimulation,
information acquisition and processing, navigati@uto-recharge, wireless communications, etc[15-20je
automatic guided logistics platform with a roboticm, in the development of this Institute, is dragvion
experience already. It adopts PLC and touch scasetihe core to achieve joint control of the mainbof the
platform and the robotic arm, more than, sensitfirielogy was adopted in order to realize the ptatfonotion
guidance, location identification, obstacle monitigrand robotic arm driven by material gripper piosing. In
harsh industrial environments, PLC and touch scteenobvious advantages than computer control mystehe
stability andanti-interference, moreover, it hapesiority like flexible structure, high quality afata transmission,
simple programming, strong and durable and saviagef21]. Combining the use of the touch screenRin@,
simplifies the site operation, and improve the ifddity of the control program and human-computeteiface, it
makes the system more safe and reliable perforrf22icéVhile, currently using PLC and touch screenAGV
research is always very rare[23].

In this paper, an omni-directional mobile automafigded logistics platform with robotic arm was dped. It
combined omni-directional movement, automatic gngdg materials grabbing. In the following, mechahic
structure for the platform, hardware and operatagic was designed, the prototype was developethllyj the
validity of the study was proved through an experiin

DESIGN OF MECHANICAL STRUCTURE FOR THE PLATFORM

The overall mechanical structure of platform inéadour parts: the main body of the platform, dnivet, robotic
arm, and tray gripper, as showed in Fig.1. It czadize omni-directional movement through the susjpendrive
unit in the bottom of main body. It can grab and plastic tray with standard size through robotimand tray
gripper mounted on main body. The function of maigneavigation sensor is automatic guidance.

The main body of the platform mainly plays a rotesaipporting, is used to install the driver urotyatic arm, tray
gripper and control unit. Body shell is equippedhwiouch screen(1), emergency stop button and krg&in(2),
obstacle sensors(6) and four universal casters(&ddition, four universal casters are the drivdmeel, that ensure
the platform can complete the omni-directional neliody, realize the movement of the vertical andzontal
without turning the platform.

The drive unit is the core of the platform, whiciishiiwin driving wheel(20)with different speed. Byntrolling the
speed of two wheel DC drive motor(14), the positeond posture of the drive unit can be adjustednibé&on of
main body can be transformed. Damping cross(15heonplate , at the top of the drive unit , accashas the
adjustment of two driving wheels posture under thendition of invariable main body posture.
Atthesametime, damping spring(21) canconnect thén rbady through the body connectting plate(18), aluhi
connect the main body and the drive unit to acc@hpthe directional movement under the condition of
unchangeable main body posture. So that the phaté@n move in the longitudinal and lateral withtwrhing.That
saves the working space and time, also simplifiegguide magnetic strip layout.
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1-Touch Screen; 2-Upper Cover Plate; 3-Emergency Stop and Reset;4-Supporting PlateX2;5-PlatformMain BracketX4;6-Obstacle Sensor X2;
7-Caster Mounting PlateX2;8-Univer sal Caster X4;9-Driving SprocketX2;10-Axis Beam Fixed SeatX?2;11-Steering ShaftX2;12-Driven
Sprocket; 13-Sprocket BearingX4;14-DC M otor X2;15-Damping CrossConnectionX4;16-Shock Fixed
Plate; 17-M agnetic Navigation Sensor X2;18-Body Connecting Plate; 19-Limit BlockX2;20-Driving Wheel X2; 21- Damping
SpringX2;22-Shock Mounting PlateX?2; 23-Spring ColumnX2;24-Support ColumnX2;25-Thrust Ball Bearing; 26-Stepper Motor;
27-Coupling;28-Bearing Fixed Seat; 29-Sensor ;30-AluminumAlloy Clip HandX2;31-Mounting
Plate;32-Aluminum Alloy Cantilever X2;33-Guide Rail and Slide Block X2; 34-Reinfor cement;35-Base Fixing Plate; 36-Mounting Plate;
37-Guide Rail Siding Block;38- Motor Mounting Plate; 39-Screw;40-Stepper Motor; 41-Acrylic Cover ;42-Bearing Fixed Seat;

43-Coupling;44-Screw Flange; 45-Gripper Clamping Piece;46-Rubber Clip.

The robotic arm is arranged on the top of main baditieves two direction moving of the tray gripgeough two
sets of slide guide, and that, the third direcpasition of the tray gripper is controlled by th@aimbody’s motion
under the thumb of the landmark sensor.Thus,the dripper can move in a three-dimensional space thed
location is identified by a proximity sensor to eresthe accuracy of material grasping motion.

Tray gripper uses the structure of screw slide, reinetwo sections of the screw (39) are designedifferent
rotation direction. It is controlled by a steppeotor to achieve two gripper clamping piece(45) heanid
movement, completes movement of clamping and ogetinus the customary size tray can realize theemants
as capture, transfer and placement.

fiif)5%
The control unit of the platform is installed in ;
the main body. Itis simple so that the structure PLC
isn’t analyzed in this paper. "
HARDWARE FRAMEWORK OF THE 4
PLATFORM CONTROL SYSTEM | RS
Hardware framework of the platform control 4 4
system includes touch screen, PLC, ZEARENL WU
orientation sensor, landmark sensor, obstacles
sensor, motor drive, proximity sensor and I I
electric part, its principle block diagram is N~
ilustrated in Fig.2. FIE LG
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As shown in figure2, touch screenand PLC is theroboore of the platform, which can control the Bfive motor
of the main body and stepper drive motor of robatin, also receive real-time information aboutteslasensor to
finish the closed-loop control.

In the course of development, electromagnetic seissosed for the guidance along the metal lind laider the

ground. Magnetic induction sensor is applicabl¢htoobstacle sensor in order to avoid the collisibonexpected
obstacles in the track. Similarly landmark sensds® use the magnetic induction sensor that iestail the work

station for identification of different station. Ivemver, proximity sensor employs a photoelectritsse to guarantee
the manipulator capture process can reach the aecposition and assume that the tray can comfiletenove of

pick and place. Sensors, introduced above, retiiezaeal-time information exchange with PLC. Acdngdto the

feedback information from sensors, the movemendrive motors can be controlled, which ensurethatrain

body and the robot arm to complete the necesséignadn accordance with mission requirements.

SOFTWARE OPERATION LOGIC OF THE PLATFORM CONTROL SYSTEM

The hardware system of the platform is under th&rob by software of PLC and touch screen, which wark
together to accomplish the task assigned. The psooé its operation logic of the platform contrgisem is
generally shown in Fig.3.

According to the process in figure 3, the
corresponding program was organized and input to | Landmark Sensor
the PLC and touch screen. Consequently, program Recognition Vertical Motion
can run automatically after power supply, then two of the Robot
subdivided driving wheel of the drive unit can teta Arm
in the same direction and speed, the platform can v
move along the guideline. When the motion of the [ program
platform meets the turning track, the platform will | Initialization
stop motion, and then two driving wheels rotate in
reverse direction and uniform speed that makes thg Platform
drive unit change its orientation in the occasioatt ] MfllonL*f‘L‘;“g
the main body doesn't move. When the route -
direction of turning is consistent with the directi
of the driving wheel, the driving wheel will stop
rotating and restore the rotation in the same tiorc
and speed, so that the main body can move along {
original direction.

each the
Designated
osition ?

Vertical
In Place ?

Yes
Grab or Place

Robotic Arm
Reset

N
Yes
Platform Reset

Yes

Horizontal

Motion of the
Robot Arm

orizontal

In the process of movement, the platform identifies | Driving Wheel
its position with landmark sensor according to the D,yo“m.‘ ;”Sfth d
task requirements and procedures. When the L2lorental Spee
indication detects the correct information, platfor
will stop in the corresponding work station. Later,

horizontal and vertical axes in the mechanical arn Fig.3: Software Operation L ogic of Control System

move to the corresponding position by the proximity

sensor. Getting to the designated position, thedrgper achieves the action of grabbing or plgcand resets after
the completion of the operation. A cyclic executalgve logic, until the program is finished, thektés completed,
platform automatically moves back. It is requiredttmobile order above the longitudinal movemeik ansverse
movement is analogous to the motion of the tragnfthe

station to the platform. On the contrary, the waitiaxis moves in the former. In addition, for whar state,
triggering the obstacle sensor, platform immedyastébps running as long as detecting the obstacle.

PROTOTYPE DEVELOPMENT OF THE PLATFORM AND EXPERIMENT RESEARCH

According to the above design about mechanicatttra, hardware framework and software logic, thgsgal
prototype was developed and its 3D model as shawé&ig.4. The figure marks the general compositioit, and
the platform is running well at present.

For proving the research, an experiment was caaigdh a logistics system layout is shown in figfir This system
locates in logistics engineering laboratory of BejjInstitute of Graphic Communication (BIGC), whiincludes
four production lines, 1 set of an omni-directionadbile automatic guided logistics platform wittbatic arm and
metal line for guidance and a storage shelveshérfdur production lines, two 3D print productionsg for ink jet
printing and one for laser printing.
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In Fig.5, the following code meaning:
WS1: Work Station 1, 3D Printing;
WS2: Work Station 2, 3D Printing;
WS3: Work Station 3, Ink Jet Printing;
WS4: Work Station 4, Laser Printing;
PM1/PM2:; Package Machine 1/2;
BM1: Binding Machine 1;

BM2: Binding Machine 2;

CM1-CM4: Coding Machine 1-4;
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Fig.5 Layout of L ogistics System of Printing and Packagein BIGC

PM-I/PM-II: Package Machine |, Packaging finallyfferent with PM1 and PM2;
Platform: Omni-directional Mobile Automatic Guidédgistics Platform with Robotic Arm.

In this system, the transmission process of firdsipgoduct from PM-I/PM-Il to Storage Shelves isatalely
stable, and the route is fixed, so Platformis usedcomplete this task easily. But, at the sameetiin
the system operation process of four productiosslinhere may be abnormal phenomena, such as:

i) After printed in WS3 or WS4, the printing needtmo be bound, but need for packaging, then cddehis
case, the printing is transferred from WS3 or WS#M1 or PM2, and then sent back to the code pos@M3 or
CMa4 of original packaging production line.

1284



Gao Zhen-Qing et al J. Chem. Pharm. Res,, 2015, 7(3):1280-1286

i) The bound printings is coded after package,ghiatings in BM1 or BM2 will be transfer to PM1 &M2, and
then sent back to the code position CM3 or CM4rifinal packaging production line.

iii) If the printings waiting for coded in one ofM, PM2, BM1 and BM2 overstock, it will be trangfed to the
code machine in other free positions, then retutogtle PM-I or PM-II of original production afteoding.

iv) If the printings are overstocked in CM1-CM4itll be transferred to other packaging machine POA-PM-II.

Theabovesituation, requirements in transmissiowd&et each production line, itis difficult to meethe
requirements for common equipment. So, the flexjilkgtform needs to be used in the above conditidme
platform in this system adopts automatic guidedtetenagnetic device and run along the metal lingeuground.

CONCLUSION

Omni-directional mobile automatic guided logistiglatform with robotic arm has many advantages:isgrthe

material handling time greatly, saving working spaienproving work efficiency, improving the logissi system's
automation and intellectualization. There are bier@fto in-depth study of the problem. On the drand, the
research can be expanded in some aspects, sudhapl@aning, motion flexibility, analysis of theay's work
space, thereby extending the applicability of tHatfprm. On the other hand, the relationship amewyk

environment, tasks and the platform should be studd build the calculation model and improve thverall

performance of logistics system.
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