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Abstract 2 Architecture 

In this paper, firstly we discuss the architecture of 
a flexible automated production system under which 
all components are well-modulized. Then, a solu- 
tion, EMFAK(Event-driven Multi-tasking Flexible 
Automation Kernel) is proposed to speed up the con- 
struction of system control. At last, a flexible assem- 
bly system using EMFAK is described to show how to 
apply it to a real flexible automated production sys- 
tem. 

1 Introduction 

In order to deal with demands for various prod- 
ucts, flexible automated production systems are re- 
quired to avoid building dedicated systems for each 
product. However, sometimes the variety of products 
may exceed the flexibility of production systems and 
new systems are inevitably needed. Under such cir- 
cumstances, it is desirable that new systems can be 
created rapidly or be transformed from the old ones 
easily. 

To solve the above situation, here we developed EM- 
FAK (Event-driven Multi-tasking Flexible Automa- 
tion Kernel) to facilitate the job of building a new au- 
tomation kernel, which is so-called system control [l]. 
The term control in this paper means the task of coor- 
dinating all devices in a flexible automated production 
system so that the whole system can work properly [2]. 

In this paper, firstly we discuss the architecture of 
a flexible automated production system, under which 
EMFAK can be properly used to control the system. 
Then, we present a simple example to explain the func- 
tios of an AK (Automation Kernel). After that, the 
organization of an EMFAK is described. At last, we 
present a real flexible assembly system that is made 
according to the architecture. 

The architecture of a flexible automated production 
system which is used in the paper is shown in Fig. 1. 
There are three kinds of component in it, that is, AK, 
scheduler, and device. The communication between 
schedulers and devices is through the AK [3] [4] [SI. 

There are some special properties derived from this 
architecture. First, a scheduler in a production system 
becomes an easily replaceable module. Then, more 
than one scheduler is allowed in a production system 
to share the scheduling jobs because the message flow 
management and device conflict prevention are both 
taken care of by the AK. 

We can compare these components with those in a 
computer system to make the concepts of the whole 
architecture more clear. The AK is like an operut- 
ing system in a computer system, which controls the 
system, ensures safety of the system during its opera- 
tion, and provides users an easy way to use the devices. 
Then, the devices for material processing and handling 
can be viewed as the hardware, and the scheduler can 
be viewed as the application program because it will 
need to dispatch the devices during execution [SI. 

3 Example of an Automation Kernel 

3.1 Example System Specification 

The example system is a real prototype flexible as- 
sembly system. The system can produce two kinds of 
products simultaneously. There are two robot arms, 
one conveyor belt, one part loading device, one ro- 
tary buffer, two pairs of optical switches, two cam- 
eras above the conveyor belt, and a system controller. 
Each robot arm is equipped with an eye-in-hand cam- 
era and has several assembly sites for assembly jobs. 
Their functions are described below: 
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Part loading device : The part loading device 
here is a mechanism that loads parts onto the con- 
veyor belt. 

Robot arm : The two robot arms in the example 
system can perform the same jobs. They pick 
up parts from the conveyor belt and, then, either 
assemble them or put them on the rotary buffer. 
Also, the robot arms can pick up parts from the 
rotary buffer. 

Conveyor belt : The only function of the con- 
veyor belt is to  transport parts into the assembly 
system. 

Optical switches : There are two pairs of optical 
switches. They constantly detect the coming of 
parts, and then obtain the speed as a by-product. 

Cameras above the conveyor belt : The cam- 
eras above the conveyor belt are for recognition 
of identities of the parts on the conveyor belt. 

Rotary buger : The rotary buffer provides tem- 
porary part storage. It can be reached by robot 
arms. 

System controller : The system controller takes 
responsibility for the management of the material 
flow and all other devices of the whole system. 

It should be noted that in this system, the com- 
munication among various devices of the system is 
through networks. If a device does not have a net- 
work interface, the so-called agent [l], which is an in- 
terface translator, is then needed as shown in Fig. 2. 
An agent can be implemented by a personal computer 
or other means which are capable of establishing both 
interfaces with the network and with the devices. Be- 
sides, the conveyor belt, optical switches, and cameras 
above the conveyor belt can all be viewed together as 
a transportation device which informs the system con- 
troller the identity of the coming part, the location of 
the part on the conveyor belt, and the moving speed 
of the part. 

3.2 AK for the Example System 

Now, we are going to  demonstrate how to use an 
AK in a flexible automated production system. But 
before that, the terminology will be introduced first. 
If a scheduler would like to order other devices, or 
a device has to inform a scheduler of its situation, it 
sends a request to the AK first, then the AK translates 
the request to  commands, as shown in Fig. 3. 

For our purpose, the AK used here is designed to 
accept the following messages from other devices: 

1. Load-Parts : When Load-Parts is received, the 
AK informs a part loading device to load a part 
onto a transportation device. This request has 
two parameters. One is the identity of the part 
loading device, and the other is the identity of the 
transportation device. It is because there may be 
more than one part loading device and one part 
loader may serve more than one transportation 
device. 

2 .  Robot- Unload-from-Belt : This request asks 
the AK to dispatch a robot arm to unload parts 
from the transportation device. There are six pa- 
rameters in this request, that is, the identity of the 
dispatched robot arm, the identity of the trans- 
portation device, the position, oriention, speed, 
aid identity of the part. 

3 .  Robot-Do-Assembly : When the request 
RobotDo-Assembly is received, the AK notifies 
a robot arm to assemble the part in its gripper 
at the designated assembly site. Therefore, there 
are three parameters necessary for the request, 
namely, the robot arm identity, the identity of 
the part in the hand of the robot arm, and the 
working site. 

4. Robot-Load-onto-Bufler : When the AK re- 
ceives this request, not only does it inform the 
robot arm and the buffer involved in the request 
but also coordinate them so that the buffer is 
ready before the loading action. To fulfill this re- 
quest, the identity of the robot arm, the identity 
of the buffer, the part that is going to be loaded, 
and where the part is now also have to  be provided 
as parameters. 

5 .  Robot- Unload-from-Bufler : The request has 
to  be associated with a robot arm and a buffer. 
In this request, one parameter is needed, that is, 
the identity of the part to  be unloaded. 

6 .  Scheduling : Sometimes it is necessary for the 
system to ask the scheduler to  be active. For 
example, when a part is loaded onto the trans- 
portation device, some recognition process must 
be executed. After that, the transportation de- 
vice notifies the scheduler that it needs to  per- 
form job scheduling now by sending this request, 
Scheduling, to the A K .  
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7. Registration : The request brings a device or a 
scheduler into the production system. They can 

the unloading action consists of Move-to-Bufler 
and Unload-from-Buffer. 

be controlled by the AK only after the registration 
process is performed. The type and the name of 
them are needed in the registration process. 

5 .  Load-onto-Buffer : This command tells a robot 
arm to load a part onto a buffer. The command 
follows a Move-to-Bufler command (theoretically 

8.  Dismissal : The request is used to take a device 
or a scheduler out of the control of the AK. When 
they are going to  cease working, the request must 
be submitted with the name of the device so that 
they will be excluded in further management of 
the system. 

speaking, it can also follows Unload-from-Buffer, 
but the robot arm will put the part which is just 
unloaded back onto the buffer). The identities of 
the buffer and of the part are also necessary be- 
cause the loading action may differ in accordance 
with different buffers and different parts. 

9. Result-Report : The request is used to indicate 
the success or failure of a command. The iden- 
tity of the command and the result messages ,are 
needed. 

6.  Unload-from-Buffer : This is an opposite corn- 
mand to Load-onto-Buffer concerning the phys- 
ical action. The command also follows a 
Move-to-Buffer command, and the identities of 
the buffer and the unloaded part will be needed 
in this case. After the AK receives a request, it has to take some 

proper responses, for instance, notifying a robot arm 
to perform some operation. But it should be note- 
worthy that notifications from the AK to devices are 
pre-defined, and all devices have to be able to  recog- 
nize the notifications from the AK. 

7 .  Unload-f”-Belt : This command notifies a 
robot arm to unload a part from a transporta- 
tion device. Two parameters, the identities of the 
transportation device and the part, are needed. 

A robot arm in the system has to handle the fol- The AK only sends two kinds of commands to the 
lowing commands from the AK: buffer, that is, 

1. Pickfrom-Site : This command informs a robot 
arm to pick up a part from the specified assembly 
site. The site number and the part identity shall 
be attached to  the command because the robot 
arm must know where and how to pick up the 
part. 

2 .  Put-on-Site : The command is the reverse action 
of Pick-from-Site. It tells a robot arm to put down 
a part on an assembly site. The parameters are 
the same as those in Pick-fiom-Site. 

3.  Assembly : When a robot arm receives the com- 
mand, it performs the assembly job according to 
the parameters. The parameters are the site num- 
ber and the part identity. 

4.  Move-to-BuBer : The command dispatches a 
robot arm to move over to  the loading/unloading 
port of the specified buffer. When a robot arm 
loads a part onto or unloads a part from a 
buffer, both devices should act together to save 

1. Unloading : This is a command that tells the 
buffer to  send the specified part to the specified 
Loading/Unloading port. There are two param- 
eters for the command, namely, the identities of 
the robot arm and the part. The identity of the 
robot arm indicates where the loadingjunloading 
port is, and the identity of the part specifies what 
part the robot arm needs to  handle. How to  send 
the part to  the port is planned by the local con- 
troller of the buffer. 

2 .  Loading : When the buffer receives this com- 
mand, it prepares an empty space for the specified 
robot arm. Hence, only the identity of the robot 
arm is needed as the parameter of the command. 

When a new part is entered or a request is fulfilled, 
the AK will send the following command to the sched- 
uler : 

1. Scheduling : The command tells the scheduler to  
start the scheduling jobs. 

The part loader receives only one kind of command time. Since the loading or unloading action of 
the robot arm must be performed after the ac- 
tion of the buffer is finished, synchronization be- 

from ,.he AK, namely, 
. -  

tween the two devices is necessary. As a result, 
the whole loading action is divided into two steps, 
Move-to-Buffer and Load-onto-Buffer. Similarly, device. 

1. Load-Part : When this command is received by a 
part loader, it loads a part onto the transportation 
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Now, let us take the request Robot-Load-onto-Bufler 
as an example to  explain the request and command. 
When the AK receives this request, it issues out two 
commands, Move-to-Buffer and Loading, to the spec- 
ified robot axm and buffer, respectively. Then, the 
AK waits for the responses from both devices. If the 
responses are both ACKs, the AK sends the com- 
mand Load-onto-Bufler to the robot arm. After all 
commands are executed successfully, the AK sends an 
ACK back to  the componenet which sent the request 
Ro bot-Load-onto-Buffer. 

The main purpose of the suggested example is to 
clarify the concept of the AK. After that, we will take 
a further step toward the implementation of an AK in 
the next section. 

4 Event-driven Multi-tasking Flexible 
Automation Kernel 

In this section, an event-driven multi-tasking flexi- 
ble automation kernel (abbrev. EMFAK),  which runs 
on SUN OS, is developed for an automated production 
system in which the communication among various de- 
vices is via computer. networks. The organization of an 
EMFAK is depicted in Fig. 4, where there are six com- 
ponents that make an EMFAK effective, namely, AK 
specification, task, task munager, tusk executor, net- 
work manager, and device handler. The functions of 
all components are described below . 

1. A K  Speci f icat ion : The AK specification is a file 
that describes the setting about the flexible por- 
tions of an EMFAK, such as the size of the trans- 
mission frame, the tusks, the socket port number 
for connection, the types of devices in the sys- 
tem, the products produced in the system, etc. 
To let an EMFAK be able to  run, the AK speci- 
fication shall be referred to  by the task executor, 
task manager, and network manager. The details 
of the AK specification will be described in the 
next section. 

2. Device h a n d l e r :  When a device is under the 
control of an EMFAK, a device handler which is 
a representative entity of this device exists in the 
EMFAK. A device handler is used to  retain the in- 
formation of the corresponding device and to take 
responsibility for the communication between this 
device and the EMFAK. 

3. T a s k  : A task is a dynamic component that is not 
always in an EMFAK. It is created according to  

4. 

5.  

6 .  

the AK specification when a request triggers the 
task manager. A request is the message from a 
device handler to  generate a new task. Usually, a 
task is kept in the task manager. But when a task 
is to  be executed, the task manager sends it to 
the task executor for execution. There is no task 
component appearing in Fig. 4 because it only 
appears in the task manager and task executor 
which will be explored more in the sequel. 

T a s k  M a n a g e r  : The task manager is a process 
that accepts requests from device handlers and 
creates corresponding tasks, keeps track of the 
unfinished tasks, and decides which task should 
be executed next in accordance with the multi- 
tasking requirement. After making a decision, the 
task manager notifies the task executor of the next 
task for execution. 

T a s k  Executor : The task executor is a process 
that executes tasks which are sent from the task 
manager. 

N e t w o r k  M a n a g e r  : The network manager is a 
process which takes responsibility of the jobs that 
are related to the networks, such as building con- 
nections with other devices, sending messages to 
them, and receiving data from them. 

In the following section, we will explore a real ex- 
ample to be moreacquainted with the-EMFAK. 

5 Experiment 

In this section, we introduce the structure of the 
example FAS to show how to set up a real system 
using an EMFAK. 

Besides an EMFAK, there are two robot arms, one 
buffer, one part loader, one transportation device, and 
one scheduler in the example FAS. Except the EM- 
FAK and scheduler, there is no network interface on 
other devices. Hence, in order to  be connected to the 
EMFAK, those devices have to  be equipped with an 
agent, which is a media translator. The two robot 
arms, A d e p t  and CRS, both have RS-232 ports. The 
buffer, part loader, transportation device only have 
discrete one-bit signal 1/0 ports. Therefore, the agents 
of Adept and CRS robot arms must have RS-232 ports, 
whereas those of the buffer, part loader, and trans- 
portation device should have discrete signal 1/0 inter- 
face. 

In the system, a 486 PC and a Motorola 68040 
workstation are used to perform the agent job. The 
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PC has two RS-232 ports, but does not have sig- 
nal 1/0 interface, but, the Motorola 68040 worksta- 
tion has both kinds. Consequently, the agents of 
the buffer, part loader, transportation device, and the 
Adept robot arm are executed on the Motorola work- 
station, whereas an agent of the CRS robot arm runs 
on the PC. 

Then, the structure of the FAS can be depicted in 
Fig. 5 .  

Scheduler 

______ 

6 Conclusion 

Scheduler 

In this paper, we firstly introduce the concept of 
AKs. Then, in section 4, the concept of flexible .au- 
tomation kernels is described and a real implementa- 
tion, EMFAK, is proposed. The existence of EMFAKs 
makes it even simpler to build a new AK. After that, 
in section 5, one example is presented to  show how an 
EMFAK can be actually applied to a real system. 

Scheduler 
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Figure 4: Organization of an EMFAK 

Figure 5: Structure of the example FAS 
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