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ABSTRACT

Applying a robot with a vision system involves an interface
between the robot and the vision system. Depending on
limitations within the robot, this interface could be a mere
start or stop control, or it could be a data communications
channel with an external device or highﬁf level computer.

For example, in the PUMA/VS~100 Robot Vision System [11, Brian
and Terry try to integrate the system by slaving the vision
system to the VAL robot control language. As a consequence, a
language, besides a complete computer cammunicatibn interftace has
been developed to allow remote control of the VS-100 from a
higher level or process—control computer.

The hardware portion of the interface consists of a standard
DEC 16-bit bidirectional TTL parallel interface ‘module. fhe
software communication protocol was especially developed to
provide reliable high-speed inter—-computer communication.

6Tf¥erent schemes for interfacing a vision system to a robot
controller have been explored for various applications. In order
to get quick algofithm, and eftticient methodologies for their
implementation, significant intrfacing procedures was studied.
The approach taken in this thesis is to fully define the
intertace between a robot cmntrolier and a vision system and
'develop a list ;¥ the types of problems G deting such a

interface. A strategy is developed for a generic vision—to-robot

9,

interface. The final objective is to come out with a plug
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compatible vision system and robot interface which would give

greater; flexiblity and cost benifits in installing vision—-robot

based interfacing systems.




CHAFTER 1 INTRODUCTION

Robots have become an integral part of modern industry with
thousands of robots in use in United States industry today.
Robots have the capability of becoming more usetul with the
addition of sensors (e.g. vision and force sensors) which allow
the robots to make decisions dependent on the feedback ot these

sensors. With increased sensor capability, robots can be appl 1 ed

B

to more tashks.

With the advent of robots and increased sensor capability,
industries would like to upgrade or integrate their exlisting
manufacturing systems. One requirement for adding a new robot,
cernsor oF machine tool is that the addition must be as easy as
adding a printer or hard disk to a miCroprocessor. Currentiy,

y
such compabildity does not exit. It 1s difficult o

wonjustifiable for  a company to develop their own intert{acing

syvaten., 0f particular interest are robotic vision system whici
should have standardized interfaces to robots. Flug—-compatible

robotic vision systems should be developed such that they can be

upgrated in much the same way as a microcomnputer 1s tmday,
Interfacing vision systems O rmbmtsrimvml§e5 the communication

hetween the vision controller and robot controller. .Th@ houndairy

that is shared between these two systems 1s called the interface

(Fig. 1.1). Interfacing may be defined as accomplishing the data

transfer across this shared boundary. A vision system uses image




processing software to process the image and output the data to
the robot through an intertace. In order to accomplish a task,
a robot must wait for the input from the vision sygtem.. Such

input data typically consists of information on the position and

aorientation (pose) of an object. The robot will then feedback &
signal to the vision system. This interchange is termed  the
handshaking procedure. The vision system continues to process

the image and extract data for the next cycle application.

1' ceeee sonve smass ssose seree sesrs somwe wovee mmms Seoes l 1 vevee oveee wasea mesee soves semes somee Savin vense Seeme coess l 1 s veves semes sesms sesen sense sesse Saves svess semwe savee beese ]
V1L sl on : Do Intertace ; Hobot i
'Controller | bl 2 0 Coptrol ler |
I weeee saese scsas sosea sesve sewve memre Sbers sess ssore I } eres vee sems seses sbsss seves beosen sorm svase sesie +eves I l ees saree veuse senm teeie Aaroe sesve soves boset semts asess sease l

Fig. 1.1 Genegal Reguirements for Vision
to Fobot Communication L[271.

In such two way communication, the designer has to develop a
detailed understanding of the protocols used and produce both
software and hardware to control the data link and perform  error

checking and recovery functions. The principal feature of

communication is that bytes, words, and groups of bytes and words

are disassembled and transmitted. Feceived bits are reassembled
into bytes, words, and groups of bytes and words. Both the

tranemitter and the receiver must agree beforehand on the rules
to be used in exchanging informatlon. These rules are generally

called protocols.

“While attempting to create such a interfacing system, engineers




are confronted with many difficult problems such as timing and
signal interpretations. An important aspect of the interfacing
problem between the robot and the vision system ig the planning
and preparing of the exchange of signals between the robot and
the wvision system. Different schemes for interfacing a vision
system to a robot have been explored for wvarious application.
Various approaches to the intertacing problem by different
investigator will be reviewed later.

This thesis has the objective to define a better and,
hopefully, generic intertacing methodol ogy between a wvision
system and a robot. The advantage ot a detined methodology would
be to provide capabilities that will allow the user to easily

implement complex intertaces without large investments of time

and labor.

i.1 Components of a Robot and Vision Application bystem

Vision systems coupled with robots have proved successtul 1n
inspection, welding, and parts guidance and assembly. In these
applications, a vislon Sensor, & vision controller, a robot, and
the necessary interfacing devices define the overall system. Une
evample is the OFPTIMATION vision system coupled with the GE F-30
robot in welding applications [13. The imaging system for this
robot ~vision system consists of a CID (Charge Integrated Device)
Camara which 1s mounted on the rmbot;giamd effector for welding

o
%;am tracking. The vision controller, which contains a high

resplution monitor for image display, is computer programmed to

-




process the image data and communicate with the robot. The robot
itgelt contains a controller and is attached with the welding
equipment. The robot control interface circuits for the camera

. . A . .
and the welding equipment facilitate communication between the
|

robot  operating program, the vision controller, and a  Servo
amplifier. Basically, as the robot is executing a program, it

comes to the location of the center of the seam to be welded.
Deviations of the actual seam bevyond present limits +From the
nominial or anticipated path result in an error signal to the
robot  servo system. This results 1n an updated signal several
times per second to the robot.

Fig 1.2 is a block diagram of the OFTOMATION TM and Gk F-230.
The system 15 primarily controlled by two INTEL 8086
microprocessors. Frimary system interfacing is accomplished over
a INTEL-Multibus TM while high speed data flow ut%&izes custom

high speed busses. A detailed description of this system will be

discussed in chapter 3.

.2 The State of the Art
There have been many successful systems in robotics  vision,

especially in  the areas of inspection and determination ot the

positions and orientations of objects. Still, little has been

cdone 1 the areas that require recognition and visual
| . - . -

interpretation of a scene.  According to Takeo Fanade [Z1, most

of the limitation in robotics vision systems ares:
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Fig; 1.2 Block Diagram of the OFTOMATION THM Vision bystem
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2D rather than Z-D: Most of the tasks are inherently two
dimensional, such as printed circuit board inspection or
recognition of & 1/2-D ahép@ (shape that can be represented
by a flat pattern plus a depth coordinate).

Binary wvision: Binary 1image analysis consists of  two-
dimensional region  analysis  (topological and gemmetric
properties of a region, such as connectivity analysis, hole
identification, and corners). Binary vision was developed
to meet not only performance requirements in speed but also
cost requirements.

Limited number of rigid objects in the model: BLince the
shapes of objects are predetermined without variation and
articulation, the variations 1n  thelr appearances are
Limited.

Engineering setup: Limited and standard view angles (mostly
directly overhead views) are used in vision analysis.
Careful lighting (such as back-lighting and projected plane
of light), ensures high-contrast, shadow-free i1mages.
Special -puwrpose  rather tﬁan g@neralépUFDO%e: Im current
vision applications, the type of scene to be processed and
acted upon is usually carefully defined and limited to the
capability of the machine.

No standards exist in vision to robot interfacing: Various
robot and vision systems commercially available in the

mai ket , ( re: the vision vendors in Table 1 and robot

vendors in Fig 1.3y, do not provide an easy and effective




means to integrate a robot and a vision system. There is a

need for standards to be agreed upon among the robot and
0

vision system manufacturers.

Technigues used in current robotic vision systems are useful
and essential for successful industrial vision systems, but a
more fundamental understanding of vision processing 1s necessary
to create robots that see and interpret environments. Many
research efforts are being devoted to image "ﬁﬁdergtanding, the
application of artificial intelligence techniques to 1mage

understanding, and in general, the development of high—-level

industrial vision system.

1.7% Objective of the Research

Because the development stage of industrial robots with V1s1on

' 7

system is still in its intfancy, to date there has been no
st andardization in  the interface of vision systems to robots.
Designers of such intertaces typically rely on  their training
and intuition. Comﬁtraimtﬁ in  such interface design are the
hardware and software supported by a vision system.

The purpose of this research 18 to investigate the intertace of
viesion svstems to robot controller. The following aspects of the
interfacing problem are considered in this investigation :

1) Physical interface (hardwara)
2y Data transfer protocol (software cmmmunicatimn)

=Y Calibration Software

4) Coordinate Transformation




Table 1

REFRESENTATIVE COMMERCIAL ROBOTIC MACHINE VISITON SYSTEMS
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CHAFTER X AN
LITERATURE REVIEW &% STATEMENT OF THE FROBLEM

There are hundreds of robot to vision application systems
currently in use in the United Gtates. Hajor areas of
industrial application tasks range from detection of major +tlaws
such as missing parts to detection ot small detects,
misalignments, size measwement, subtle colqr changes, and so on.
For humans, these tasks tend to be dull, and their repetitiveness
ledds to decreased pertformance.

Successtul practical applications require fast processing,
inexpensive hardware, and high reliability. To simplity the

image—-analysis problems, lighting may be controlled to give high-

contrast 1mages. Majior successes have been achieved in  the
inspection of electronic printed circuit boards (FCEs) and
integrated circuits (ICs). 6 direct approach is to compare the

images of the images of the patterns to stored i1mages of detect-
free patterns on a pixel by pixel basis. However, difficulties
are caused by the variability of the images, alignment errors,
changes in size, and so on.

The wvery nature of a robot system dictates that it must work
with other equipment or parts in a manufacturing system. As such
. & robot must be interfaced to the other %en&mfgu Dit+erent
schemes +for interfacing vision systems to robots have been

explored for various applications.

10




2al Typical Robots to Vision Application bystems Currently
in Use ‘

In order to obtain fast algorithms and efficient methodologies
tfor algorithm implementation, significant inter%acing.procadures
must be developed.

For example, in the FUMA/VS-100 Robot Vision bystem (Fig. 2.1),

Brian and Terry [3] attempted to integrate the system by slaving

the wvision system to the VAL robot control Language. As &
consequence ofr their efforts, a number of vision related
instructions were added to the VAL language. In addition, a

complete computer communication interface was developed to allow
remote control of the V5-100 vision system from a higher level or
process—-control computer.

The hardware portion of the interface consisted of a standard
DEC 1é-bit bidirectional TTL parallel interface module. The
sottware communication protocol was especially developed to
provide reliable high-speed inter-computer communication.

Another example of vision system to robot interface is CO-SIGHT
(Fig. Z2.2), a practical vision-based robot guidance system
developed at G6M research laboratory by Mitchel and Lothar [41.
They partitioned the vision system, the robot and the monitor
into independent subsystems to mbtain a modul ar mrganiéatimn.
Intersystem communication was designed to allow easy substitution
of new subsystems with minimum impact. The communication between
the robot »amd vigsion was through the monitor system FDF 117234

computer operating under the RSX-118 real time exectuive.

11 o
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Baird describe a system developed at General Motors for
orienting IC chips correctly before they are bonded [351. The
orientation is basically determined by a histogram of edges
detected in the i1mage. Other systems for orienting IC chips are
described by Yachida , Tsuji and Horn in reterence [6,71. Some
of these systems are reported to be in large scale production
LSE.

Agin  has .deacrigyd laboratory experiments at detection for
flaws in castings such as missing or incorrectly dimensioned
holes. and inspection of industrial objects L81. The orientation
aof the parts is constrained so that perspective variations are
avoided.

Arother important area of applications in industrial robotics
vision system is in materials handling. Here, the parts are
usually stacked in a heap or in & bin with other similar or
ditterent parts. 4 part needs to be identified and grasped by a
mechanica. manipulator at the appropriate pick-up points.
Fartial success has been obtained in such applications if the
possible  orientation of the parts are restricted and unoccluded

or else occluded in small areas only L[91.

&

Y.

2.2 General System Architecture of Vision system and FRobot
controller
A.) The Vision System
The general architecture of a universal image processing system

~3 “r

[101 can be schematically drawn as given in Fig. &d.3. The system

14

#)




depicted must perform several operations and processes such as :
i. converting a .physical image.into an electrical video-
signal using an imaging device such as a vidicon cameraaj
2. qguantizing this video-signal into a digital form;
%.  storing the digitized picture 1n memorys
4. communicating with the computer system for image analysils

=, outputing data manipulation results for use by the robot.

Caméra———?JAKD FRAME —> Picture———auD/ﬁ#———ﬂ E/W
GRARBBER | Memory Monitor

l

Ficture Memory Controller

Y

System Controller
(Micro Computer)

el

Y

Host Computer

Fig. 2.3 General Architecture of a Vision System [Z41.




The central.compmnentﬁ of the architecture are the computer 1in
which all processing is done, and the image device. Computer
peripherals enable ohe to input/output the necessary data. Image
memories generated are partially contained in the processor and
partiaily used as pictuwre input/output buffers.

Depending on the type of system, the vision controller provides
serial I1/0 ports to communicate with other peripheralé o
controllers. In the Optica. Recognition bHystem ibot-1
controller, the rear panel includes the line power cord, the
video input and auxiliary monitor output connectors. The RS 258
C connectors handle communications among the system CRT terminal,
the robot interface, 2 auxiliary ports for accessory data

manipulation devices, printers, and the optional disc operating

svstem chassis.

~C

b.) The Robot System

A representative industrial robot system (Fig Z.4) 18 made o
three mailn parts @ thé control system, a measuring and servo
system, and a manipulator L11.1. The control system consists of
the computer, memories, inputs and outputs to control the rrobot,
interlocks from peripherial equipment, and functions to control
the servo system of the robot.

The measuwring and servo systems include servo amplifiers and DE
motors with tachogenerator feedback. Fosition regulation is by
means of a cyclic resolver system, consisting of a resolver with

associated supply and decoding circuits, and a position

16 “ ’
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requlator. The mechanical system includes €he robot and the

transmission  that converts the rotation of the motors into the

required motion. FRobot manufacturers use microprocessor-based
systems in the control system. .
The heart of the control system is the microprocesso- unit,

which performs the task of overseeing the complete system and
issuing control signals in response to arm  positional data,
programmed—in  commands, commands from the control box (teach
pendant) , or information from an extarnal computer. The
miCcroprocessor  memory stores thehpmsitionﬁ of the arm, and by
wsing  servo  technigques ,instructs ‘the robot  to repeat the
sequence of programmed tasks.

For example, the FUMA 560 controller [12]1 consists of the DEC
LSI-11 computer with DRV11L and DLV11-J interface boards and RAM
and EFROM boards. The LSI-11 system is a standard DEC unit that
contains a processor (LI-11/2), memory., and communication
boards. System software (VAL) resides in erasable, nrogirammable
Fread-only memory (EFROM) . User program"infmrmatimm is stored 1in
random-access memory (RAM) . Communication between the processor
and other components is accomplished as follows:

1. DLV11-J is a fouw port asynchronous serial 1/0 board. It

ig the link between the processor and t@rmimal, teach pendant,

and floppy disk.

o DRV11 is a unit that provides parallel-line communications
to and from the digital servo boards and links the processor to

the interface hoard.
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2.3 Vision to Robot Interfacing Modules

The complexity of interfacing vision systems to robots has.led
to various interfacing methods [1, 35, 4, R 14, 191. These
methods can be classified as follows @

1. FRobot Dependent Method (Vision - Master, HRobot -

Slave)
2. Vision Dependent Method (Robot - Master, Vision -
Hlave)

o r

R Integrated System

2.%.1 Robot Dependent Method (Vision - Master, Robot - Slave)
The architecture of a robot dependent system is given 1n
Fig. 2.5. The characteristics of this type of system
include @
a. Vision-Oriented
Most of the operation featuwres are menu driven and under the
control of the vision controller. The controller provides
the options of a set-up mode, & training mode, and a
calibration mode or wmrking mode.
b Terminal EBEmulation
When direct control of the robot is required, the wvision
controller can emulate a terminal and command the robot to
download or upload programs.
c. Commands Transtered
In  the vision system tashk execution mode, control for  the
robot  can  be achieved through the output of an ABCII code

string from the vision controller to the robot  controller.

19




This procedure continues interactively until the task
Fequirements have been satisfied. The robot ., based on
intformation feedbacked the vision system, executes the
program to satisfy the task requirements.

The advantage of the Robot Dependent Method is that for each
different application, the vision processing software can be
modified'very easily.

The disadvantage of the Robot Dependent Method is that the

communication relationship between a vision system and a robot is

fixed. I+ a difterent type of robot is applied, then the
transtormation and calibration softwares must be changed. This
mathod is very inftlexible and robot dependent. In an automated

manufactuwing system, this interfacing method may prove to be
inconvenient and financially inadvisable in attempts to interface

ditterent vision systems to different robots or vice versa.

KKK KKK KKK KKK K

Video In >y Vision ﬁ( RS 232-C(Command)
X Controller X
KEKKKKKEKKKKKKX
V
KRKKKKKKXKKKKKX
X Robot X
¥ Controller X
KKEKKKK KK KKK KX
Camera
Robot [<

Fig. £.5 The Architecture of a Robot Dependent System
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2.E5.2 Vision Dependent System (Robot - Master, Vision - Slave)
The architecture of the vision dependent system is depicted in
Fig. =2.6.
The characteriﬁti¢5 of this type of system include :
a. Robot-Oriented
The vision system is trained and operated through the robot
controller by a number of vision related instructions. These
instructions permit the user to calibrate the system, train
vision prototypes, identify and locat:z workpieces, and store
oF load vision data from a floppy disk unit. A Vision
Dependent System is also menu driven and includes the camera

set-up, calibration, object training and Working modes.

KKEKKKEKEKKKKKKKX
Command X Robot X
X Controller X
R AXKEKEKKKKKKKX
s 1 | '
C
******};******
X Vision X Video In - - | ,
¥ Controller %= |
KKK KKKKKKKKKKX
\
Camera Robot

Fig. 2.6 The architecture of a Vision Dependent System

FLA. BTN
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b. Robot Control Language

The control language of the robot in a Vision Dependent

System must be designed to operate the robot and to readily
communicate with other computer—-based system such as. vision
and force sensors. Not all the robot control languages have
the capability to command vision and force sensors. Fig.

voe

2 7 je a listing of the functions of the various robot
control languages. Only those robot control languages which
are capable of communicating with other sensors can be
applied in the Vision Dependen Sygt@mf.

c. FRobot-Vision Interface Instruction

The instructions +4or vision interface control must be
included in the robot language. Typical commands 1n VAL are
FICTURE, LOCATE, FINDHEAF ... etc.

The advantages of a Vision Dependent bystem are as tollows @
1.)  The communication between the vision system and the
obot 1n A& Viaiom Dependent System is much easier to
implemant than in a Robot Dependent System. There 18 nNoO
need for any special software to handle the transter of
Fobot  commands  between the robot controller and  the
vision controller.

=y From the standpoint  of programming, a Viglon
Dependent System 1s much easy to progiram and to modify
than & Fobot Dependent bystem. Thi% results simply from
the fact that one can build up the vision commands inside

the task execution programs.

~y ey
Y 9
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The di%advéﬁtage of a Vision Dependent System is that once the
vision system 1is changed, there 1s no guaranteg that the new
system can understand the FUMA's VAL commands, such as FICTURE,
LOCATE or FINDHEAF ...etc.

Furthermore, the data transter pkotmcolﬁ and calibration software
must be modified to match up the communication procedure between

the robot and vision system.

2.%.3 Integrated Robotics Vision System
The architecture of an Integrated Robotics Vision bystem 18
gQiven in Fig. 2ala The system employs a distributed

hierarchical control to separate the functions of data gathering
and data processing.

I the case of the vision system, there are two levels ot

control - a system controller in the upper level, and the vision
processor in the lower level. The system controller 1
responsible  for  the supervision of the total system, - the

processing  of the data obtained through the vision %yﬁt@m; and
coordinate transformation and communication with the Fobot
controller. The lower level controller, vi%ioﬁ processor itself,
pertorms data gath@rihg, image analysis, part identitication and
orientation.

The function of the %}%tmm controller in an Integrated bystem

, P
is to command the vision system to gather data and then to record

ol

arncd make decisions based on this data.
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Fig. .7 The Architecture of an Integrated bystem

The vision system 1is configuwed as a peripheral 1in the
operational sense, ~and makes no decislons O value Judgements
itself. The vision system operats Etéictly as a data gatherer in
response  to  commands  from the system controller which does
process control  operations  such  as bimn-picking .welding or
assemblv.

A major disadvantage of the Integrated Robotics Vision OSystem

is the cost, since another computer 1is needed tfor system
controlling. However, the system controller in an Integrated

Syetem can  much more easily and flexibly control ©Lhe input

sigrnals from the external sensors than other systems. AMOoNg some
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compatible systems, the robot and the vision system can be
“ehanged freely. Under such condition, users do not need to
develop their communication and transformation softwares. Such a
system could be further developed to be a robot and vision
ind&pqndent standard modular system. In cHapter e sUch a

proposed standard modular system vill be presented in detail.

2.4 bHtatement of the Froblem
It 1s necessary to integrate vision and other sensors to robots
1+ we wish to use robots in an unstructuwred environment. The
concentration 1n this thesis igltm investigate the vision to
robot integration. Most commercially avallable robot
manuracturers have not provided an easy and effective means to
integrate .vigion systems with robots This has resulted in
various  interftacing methods such as the Robot Dependent System,
the Vision Dependent System and the Integrated Robotics Vision
Syﬁtém previously mentioned. Characteristics afﬂthe intertacing
technl ques currently used are as follows ﬁ
1. Data transfer between a vislion system and a robot controller
15 carried out by a serial asynchronous communication
procedure. Most real-time control applications can bhe
accomplished with a baud raté Y,600 hits per second.
“. Master-Slave intertacing method @ Owing to the development of
data communication and lmcai area networks, diftferent tyvpes
of data transter protocols have been designed. Designers in

intertacing Vision systems to robots can uwtilize these

g
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protocols to implement a system very easily. The master-

slave method (hierarchical control algorithm), (regardless if

the robot or the vision system is the master), provides

convenient communicaticn protocols.

o

- Dince no standards for interfacing vision systems to robots

2x1st  both at a high-level programming language or in a
robot  control language, the im#ormétion xohange between
these two systems place a tremendous burden on the designer.
Image processing softwares can be written in Fascal, ©C or
Fortran, while the robut control languages can be in AML,
Val.,  RAIL ... etc. The data transfer protocols between
these two systems are solved by sending the robot commands
back and +orth through the RS5-232C communication line.

4. Bi-directional data communication : The interface for vision
systems to robots is & two-way communication which includes
contrel  signals, serial or parallel data, and addressing
intormation. For example, in vision applications the robot

the viafmm system when a robot needs to

know the orientation of the part from the vision controller.

tH

controller signal

This procedure continues interactively until the task has

heen +inished.

With the increased requirements placed upon robot  vision
application systems, there is a need to further develop the
technology for interfacing and controlling these systems.

«

The objective of this thesis is to define the vision to robot
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intertace problem and attempt to develop a systematic method +for
integfation of external sensors  with commercially availlable
robots. This should allow more efficient development of
automated systems with a performace capability which xtendgl

beyond that of a robot alone.
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CHAFTER 3 EQUIFMENT

This chapter describes equipment used for the research 1in this
thesis. A brief description of the function and architecture of

each system is presented in the following sectlions.

.1 ORS i-bot-—-1 Vision System

Application Description

i -hot", a grey-scale vision system developed by Optical
Recognition System Inc. ot Frinceton, N.J. [14]1, can be used to
eriable industrial robots to grasp a randomly oriented part trom a
bin, orient the part, and traméfar the part to a fixture or
receiving workstation.

This vision system is very flexible with a wide wvariety of

applications. A 64 level grey scale frame grabber enables good
accuracy and the capability of image DIFOCeSSLNg . The system can

evage

operate at speeds approaching a video frame rate of 20 frames per
seoond.

The i-bot bin picking vision system will operate witnh a wide
variety of objscts having a degree of cylindrical and spherical
SyYmmetry. When wsed in conjunction with standard grippers,
objects ranging  in size from 1" to 8" 1n length and 174" to 1

oloee

1720 in diameter can be acquired from a bin of up to Z0" o SQM

2" deep, when the camera is mounted 47 above the bin.
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System Description
The i-bot 1 Vision System consists of a video imaging system, a
vigion controller, a gripper or end effector controller, and a

robot control interface, as shown in Fig. 3.1.

1). Video Imaging System
The i-bot 1 video imaging system uses a NEC(National
Flectrical Company), model VCI B106, standard, solid state,
charge—-coupled device, matrix array camera, with an industry
standard EBEIA RS-170 electrical output signal. The solid
state matrix array is 280 (vertical) by 340 (horizontal)

pixel resolution a separate photodiode.

3
LS

. Mision Controller
The wvision controller contains an Intel Multibus card
cage,powsr supplies, video monitor, front panel indicator
drivers, and a cooling +an. The card cage contains
Multibus type plug-in circulit cards ﬁateﬁsary for the system
to  function. The heart of the system is an ORS moditied
Intel 808& microprocessor with an attached hardware  Math
Modul e. Also included are the Intel Input/0utput expansion
hoard, and & 256 F random access memory board. For firmware
based systems, an EFROM board is also provided. The +rame
grabber, the optional hardware histogram and the system
hoard are located on separate boards. The system board
contains 2K of hattery backup CMOS RAM (used to boot the

microprocessor and store calibration and training data).
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Z). OGripper or End Eftector Contréller
The CCD camera used with the i-bot vision system provides
two-dimensional (planar) information of an image. The
gripper provides a feedback signal to the Fobot to allow iﬁ
to sense the third dimenﬁimn,‘ depth. The vision controller
directs the robot to the proper location above the part 1in
question, and the robot begins to move down towards the
part. When the gripper jaws suwround the part {(as sensed by
a light-emitting diode (LED) imbedded on its fingertips) ,
its controller directs the robot to stop and closes the
JAaWsS. The pneumatic 2ripper requires mechanical adjustment
for each object size to be acquired,

4y, FRobot Control Intertace
The robot control interface or  input/Zoutput module 18
supplied by the robot manufacturer and requires that the
i-bot/vision system generate proper handahékihg signals.
This interfacing capability is built into both the i-bot i
vision controller and the prneumatic and electronic gripper
control lers. The i-bot vision controller includes a serial

oo

port which operates at a maximum rate of 19.2 K baud.

<%

.2 Unimation FUMA S60

cope 2y

The Unimate PFPUMA 550 and S560 Series Robots (Flg. Sed Al @
computer controlled robot arm systems manufactuwed by Unimation

Inc., Danbury, Connecticut. The FUMA robot system 1s designed to

adapt to a wide range of applications. The basic units are the




r.

teach p@ndan£, software, contrbllef, peripherals, ahd_robag arm.

The system software that controls the robot arm is called VAL.
The VAL ﬁmftwaré 18 stored in the computer memory located in  the
controller, which also houses the 6perating controls for the
system. *

To  teach the robot arm, either one of two procedures can be
used. ' The teach pendant may be used to manually direct the
movements of the robot arm through each step of the task. The
second method is to write a program using VAL instructions.

I either case, the controller transmits the instructions from
the computer memory to the arm. Fosition data obtained from
incremental  encoders and potentiometers in the robot arm  are
transmitted back to the controller/computer to provide closed-
loop contral of the arm motions.

The basic units of the FUMA System are described as follow :
1Y, DSoftware: The FLUMEA System operates on  a high level

Language called VAL. Inm addition to being a sophisticated
programming language developed for assembly, VAL is  a

complete robot control system.

£J
St

.  Controller: The main internal components of the controller

are listed as follows:

Unimation interface board

 Digital servo board

Clock/Termination board

Input/Output interface board

ey
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. Fower supplies
« Fower amplifier assemblies
. High power discharge board

. Arm cable board

{od
S

. Feripherals: The peripheral components for the FUMA system
are uwsed to input or recelve i1nformation and consist of &
terminal, a teach pendant, tloppy disk drive unit,

additional memory, and an 170 module.

4)., FRobot Arm: The robot arm is the mechanical component of the
system incorporating & degrees of freedom, each controled by
a DC servomotor. It 1s sufficiently flexible to be taught a
wide variety ot tasks. —ach member ot the robot arm 18
connected to another member at a joint., much like a human
arm and torso. The members of the robot arm are shown in

Eic N
Lge 1wl

e BE P30

The F5C Frocess Robot is designed for welding, parts handling,
and various other manfacturing tasksl15].

There are three principal parts to the %yﬁtem;

1

Sone

Robot Body @ The Robot Body is essentially a floor-mounted

five—-aLis arm. (Fig S.44)
-
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The arm is made up of a bage that swings in the Moo et ol

4

plare, an upper arm that attache:s to the base, & forocarm ‘

that attaches to the upper arm, and a wrist with hend and

twist axes.

FORE_ARM

> ROTATION

Fig. S.d4 0 FOE0O Fobot Body 157,

2).  Robot controller

The Robot Controller contains  the integlligence of the

L]

system, a 9" cathode ray tube displav, as well as £he P W

ﬁup@lieﬁﬂ the control panel, tbres Sera ampl i ferrs and tha

VAL e , P t arnd o LA t ,'Jth 1k L”‘I'-F e (- S 1 CRs n el |"'l'.d_ el T C’(.l;.:"l:'tacl (=

for a cassette recorder. Ao dsolation Eransd ormer Priotects

the controller from outseide electrical trangiecnts.




Z) . .Teach Bos
The TEACH BOX is a portable pendant with a sealed membrane
switch assembly used to enter the motion instructions 1into
the controller using individual-function keys.

%.4 IBM Fersonal Computer XT Systemll6]

The IEM FPersonal Computer XT in this research was used for
developing the software 1in interfacing the i-bot vision system to
the GE F-30 robot.

The system unit is the center of IEM Personal Computer XT
system. The System unit contaiﬁs the system board, which
features eight expansion slots, the 8088 microprocessor, 40K of
ROM  (include BASIC), 128K of base R/W  memory, and an audio
speaker . A power supply is located in the system unit to supply
dc voltages to the system board and internal drives.

The system board consists of Ffive AFunctional areas: the
processor subsystem and its support elements, the read-only
memory (ROM) subsystem, the read/write (R/7W) memory subsystem,
integrated 1/0 adapters, and the 1/0 channel. (Fig. 3.9)

The heart of the system board is the Intel B088 microprocessor.
This processor 1s an B-bit evtirnal bus version of Intel’s 16-bit
8086 processor, and is software-compatible with the 8086. Thus,
the 8088 supports lé-bit operations, including multiply and

divide, and supports 20 bits of addressing (1 megabyte of

storage) . It also operates in maximum mode, SO & COo-processor
can be added as a feature. The processor operates at 4,77 MHz.

This frequency, which is derived from a 14.31818-MHz crystal, is
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divided by 3 for the processor clock.

Three of ‘the four DMA(Dynamic Memory Access) channels are
available on the I/0 bus and support high-speed data transfers
between I1/0 devices and memory wifhout processor intervention.

The fouwrth DMA channel is programmed to refresh the system

dynamic memory. This is done by programming a channel of the
timer—-counter device to periodically request a dummy DMA
transter. This action creates a memory-read cycle, which 1is

available to refresh dynamic storage both on the system board and
in the system expansion slots.

0f the eight prioritzed levels of interrupt as listed in Table
2 . slx  are bussed to the system expansion slots for use by
feature cards. Two levels are used on the system board. Level
0, the highest priority, is attached to Channel © of the
timer/counter -and.prgvidea.a peFiOdic interrupt for the time-of-
day clock. Level 1 is attached to the keyboard adapter ciircuits
and receives an  interrupt for each scan code sent by the
keyboard. The non-maskable interrupt (NMI)Y of the B088 is used
to report memory parity errors.

In this reﬁéarch, the IEBM XT is treated as the system
controller of thelétandard'mﬁdular vision system. The data
communication Aammmg vision system, the robot and the system
controller can be accomplished through the RS 232C and bus

interrupted technique$,
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TABLE 2

8088 Hardware Interrupt Listing [16].

NUMBRER USAGE
NM 1 Farity
«
0 Timer
1 evboard
= Reserved
A Asynchronous Communications

(Secondary)
SDLC Communications
BSC (Secondary)

4 Asynchronous Communications
(Frimary)
SDLC Communications
BSC (Frimary)

n

Fixed Disk
& Diskette
7 Frinter

. _;_4,‘!.
/?
L
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CHAFTER 4

Study % Development of Robot to Vision Interface

The literature review discussed the Robot Dependent method, the

Vision Dependent method and an Integrated method f or
communications between a robot and vision system. The approach

taken in this chapter is to fully define the intertace between a

robot and vision system and develop a list of the types of

problems in defining such an interface. In the succeeding
chapter a strategy is developed for a generic vision—to-robot

interface. Two robots are used in conjunction with the ORS i-bot
vision system to aid in developing such strategies : (1) the FUMA
560, and (2), the GE F-350. The objective is to dewelopAa plug
compatible vision system and robot interface which would give
greater flexibility and cost benifits in installing vision-robot
based interfacing systems. The remainder of this chapter 1s
devoted to detailing the hardware and software aspects of vision

to robot commuRiication.

4.1 Harﬁware-Commumiﬁatiqn Standards

Circuitry for an iﬁterfac&'is neéded to transfer infoﬂmaﬁién
from the~mi6rmcmmputer-to-external peripherals or cﬂmeterﬁflﬁj.
The microcomputer with its internal bus and interface circuitry
is shown schematically in Fige 4.1 « The interface circuitry is
usually mm-.a printed ;nifcuit' board (card) that plug into

connectors on  the microcomputer’™s bus. These cards have
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standard connectors that are hooked up to external peripherals
via simple cables.

Several standard interfaces are used in the microcomputer

industry today. The most common are listed in Table 2. [271].

Table 2

Communication Standards

Name Type Common usage
EIA ROL-Z232-C Serial Video terminals, printers
20 mA current-1oop Serial Terminal s
Centronics parallel Farallel Frrinters, plotters
IEEE 488 (HF IR) Farallel Test equipment, printers

;Hicracomputer_interfaces.fall into two basic categories @ Serial
and Farallel. Serial interfaces transfer data one bit at a time,
while parallel interfaces transfer one byte (eight bits) at a
time. A detailed description of these two interfaces are as

follows :

T

odole

Fig. 4.1 Inter*acewbircuitry




1) . Serial I/0 and Communication Usually every general-

purpose microcomputer includes a serial interface based on a
Urniversal Asynchronous Receiver/Transmitter (UART). The UARTs
contain serial—-to—-parallel and parallel-to-serial shitt
regigterg and timing and control logic. These +orm two
essentially independent data channels, one for output from the
computer and one for input to 1it. They are used to support
communication interfaces among computers and for interface to
interactive terminals. Figure 4.2 is a block diagram of the
internal organization of a typical UART.

In serial communication, data are transmitted and recelived one
hit at a time. The UARTs accept bytes to be transmitted from
the microcomputer, surround them with the required formatting
and error-detecting bits and transmit, the resulting character
serially. Similarly, received serial data are accumulated by
the UART so that the data byte may be read by the microcomputer
in parallel. Formatting bits are removed from the received
data and limited error checking is performed by the UART.
Figure 4.3”diagram5'the transmission of a chafacter using the
UART method.

2. Farallel I/0 usually includes control 1bgic'and support
circuitry for  two or more parallel 1/0 ports of eight  bits
cach. One of the most important characteristicss of a parallel

170 interface is that it is programmable. Frogram capability

méanrs that the directionality, formats, and functions of the
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44




Parity Bit, if used
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: | Bit

FIGURE 4.3 Asynchronous character transmission. [171].

1/0 ports can be changed by means of mode control output bytes .
transferred from the microcomputer with which they are used.
Since each manufacturer has defired his own connections between
the-miCFObF@CESEOF?and peripheral devices, there is no accepted
standard for peripheral chips. The  Motorola 6821 Peripheral
Interface Adapter (FIA) and the Intel 8255 Programmable
Peripheral Interface (PFI) are in widespread use such - that
they may establish de facto standards for peripheral interface

chips. The block diagrams of the 6821 and 82355 chips are giwven
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Each port in a parallel 1/0 can e programmed to be an input

Qr an owtput port.  For some devices, a port can e Frogrammedd Lo

b bidirectional. This 15 usetul  for interfacing with

im e .
1A,

microcomputer peripheral devices that have adopter Didirectional

interface formats.

When progranmed or output, tha Flip—-Flop will Fateh the output

data. When a device programmed e irput ig atddressed, data are

gated through the devices and onto khe data bus  dinterfacing it

“ith:th@'miﬁfﬁwrmCQsﬁmrm Data. thus transterred are in tho state

L
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they were in during the transfer. Some programmable parallel 170

support chips. such as the Intel 8235 chip, add input latching soO
that data can be written into the chip from an external - device
and read by the microprocessor later.

The RS-252-C is the most common serial standard. It is used
for video terminals and many printers and plotters. The two most
popular parallel standards are the IEEE 488 and the Centronics

parallel. The IEEE 488, sometimes cailed the HF IE (Hewlett-

Fackard Intertace Bus), is used primarily Dy electronic
instrument manufactwers Ffor communicating with their test

equipment.

4,2 Examplea of a Robot to Vision Interface

There are two main categories of electronics interfaces
digital = and analog. The microcomputer may be considered as the
ultimate sink of incoming information and sowce of outgoing
information and is essentially digital. & robot and vision
controller are'typiCally both micrmproces§0r~based‘5y5tem$1 The
interface between the vision system to the robot is digital.
Interfaces between digital elements generally confine their -
reforming of information. To aid in defining the interface
between a vision syﬁtem;and robot controller twu,_;ommefcially
available vision and robot systems were considered. These system
were developed for 5pecific_applicatianﬁ. They:differ in  that
the Westinghouse system is a robot dependent system wheras the

FUMA / VS 100 is a Vision Dependent system.




The first example is the Westinghouse robotics vision system

LZ201]. The system considered was used for for assembly of an

electromechanical relay under vision control. The structure of
the visign ~ robot system is shown in Fig.4.9.

A FUMA 250 industrial robot was used to assemble a four piece
électromechical relay. All work pleces were located in the field
of view of a Westinghouse TV camera and were placed such that

there was no overlapping of work parts and a space existed

between the work pleces. Vision—robot communica.lons were
realized through an RS-232 serial link. A FUMA assembly program

and a vision-robot communications protocol used in the study are

illustratedly by Fig. 4.6. The program "Aosembly'" used for this

study was written in the VAL robot programming language and the
FUMA robot communicated with the image postprocessor through its
controller’s CRT port.

In the WQstinghmuséePGbmticﬁ vision system of this example,
Makhlin and Tinsd noted that "... the vision system commands the
robot  to start the "Assembly" program (EXECUTE ASSEMBLY) . The
prmgramﬂetopﬁzat step 2, and , at this point, the robot is asked

to display a point A (an arbitrary location of & work piece

within the field of view) . The vision system, then modifies the

location A by sending to the robot a wvalue of i1ts _pOSitiOn
(X,Y,2Z) and orientation (0,A,T), calculated on the basis of

visual information. Consequently, the robot moves into the newly

defined location A, picks up a workpiece and brings it to the

part predefined asaemply point R. The program Faturng-them‘.to
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the step 2 and the robot receives the next location A etc..."

The second example uses the FUMA/VE-100 vision system. In order
for the robot to acquire parts located by the vision system,
there must exist a common cartesian frame of references. This is

accomplished during system calibration. First, the vision system

15 calibrated to establish an accurate two dimensional coordinate

system in the field of view. Next, the camera coordinate system
1s related to the CoordinatefSystem of the robot.
Carlisle, Gonzalez and Mcghie noted that "... Vision System

Calibration is accomplished by determining a camera-to-robot

coordinate transtormation. The transformation relating the field

of view to the robot can be calculated in the following

procedure. Using a pointer and disk, Sfouw robot locations and

their corresponding vision locations are determined. The disk is

placed at one corner of the field of view. The robot is moved to

place the pointer in the center hole of the disc. The robot
location is recorded by typing HERE R1 on the terminal. The Vi1

position 1is recorded by the vision system. The procedure is

repeated until R2, VZ, R3;, VI and R4, V4 are all defined as shown

in figure 4.7, then the commands are entered.

H

DO FRAME TOBE = RL, R2, R3, R4

H:

DO FRAME TCE = Vi, V2, VI, v4

DO INVERSE TRC = TCB

DO SET TO.CAMERA = TOE : TBC

b

f‘é}
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TO.CAMERRE is  the tramnstormation which takés the robot to the
ciriginm of the camerda coardinate systemn. I the commaind DO HOVE

TQ_CQMEHQ i entered th@.rmbmtﬂwould move 50 that khe‘maintﬁr 1%
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at—the originof the tamera toordinate system et~

For A diffterent robﬁt wsing the gaﬁe vision system, thé command
should be changed since different robots have diftferent cohtrol
languages, but the transformation procedure can be achieved 1n

the same way.

4.7 Froposed Frocedures for Robot-Vision Intertacing
From the preceeding examples, the interface between the vision

system to the robot can be seen to encompass the phygicai
interface, the data transfer protocol, the calibration saftwgﬁe
and coordinate transformation software. The Westinghouse and Fuma
systems of these examples typify the general structuwre of the
interfaces Ffor vision system and robot system communication.
Based on these exampleg.and the literature review the-’$ollmw1ng}

definitions and procedural descriptions are presented for the

above four aspects pertaining to the vision-robot systems

interfaces.
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(1) Fhysical interface: A RS 232C asynchronous communication
line is proposed for the physical interface between the vision
controller and the robot controller. As noted by Artwick [ 27 1
the.EIﬁ RS 2320 interface has been.dﬁrived'from’the International
Telephone and Telegraph Consultative. Committee (C.C.1.T.T.)
ag- a telecommunication standard and has been accepted as an
‘imdustry standard. Furthermore, there are naA standardized

parallel interface formats (such as the IEEE 488 bus) which have

 been accepted by industry even as a de facto standard. In
a4




addition, the speed requirement (data transfer rate) for typical
vision-to-robot systems in an industrial setting is a 9600 baud
rate which is easily available with a serial RS 2320 line.
Further considerations indicate a lower cost and long distance
remote capability (minimal transmission error) when choosing a
gerial communication line over a parallel line.

The typical-viaion.controller has on-board switches used to
set parity,stop bit count, data bit count, and baud rate. An
addifimnal justification for choosing the RHE 2320 intertface 1s
that it has memory or port locations assigned to it for
commurii cation with the CFU. The typical RE-232 interface has at
least fouwr of such ports: two for transmitting and receiving déta
and two for controiling and monitoring Va1 OUs operating
parameters.

The receive Aand tran5mit<locatioh§, or:registeraton the RS
2E2C intertace, can only receive or trangmiﬁ\data, The receive
register cannot be "written into" by the CFU while the transmit
register cannot be "readed" by the éFU. . The control registers
are often designed to be bidirectional ‘"-Similar to  regular
computer memory.

All of the data transferred byte-by-byte between the vision
system and the robot éqhtrmller are passed through the RS 232C
interface line.

(&) Data transfer protocol :  Software needs AFor data

g1 H

communication are classified as pertaining to either low-level

.- data communication protocol or high-level data communication

S5




protocol.

(

scallng

A. low—level data communication protocol

weepe
ol

)

The lowest level of robot control 1s the software
routines which define how we send data to and from the
robot mystem. The vision controller 1is physical
connected with the robot controller through an RS-Z23&
asynchronous cerial data link. Software consists 0f two
cubroutines. (1) robot-to-vision: getting a byte ot data
from the robot controller, and () vision—to-robot:
sending & byte to the robot controller.

highwl@%el data communication protmﬁﬂl

A high-level software routine reads and writes complete

programs  (as opposed to defining data protocol} beween

the wvision gygtem'and the robot contraller. Whereas

low—-level protocols aFE'Cmncern@d with the transfer of

data bytes undér-a;spQCi¥iEd format (protmgmli, the

highwlewel protocol is concerned with the transfer of
ASCTT data. For e%ample, transfer ot & program command

such as EXE TEST involves the high-level protocol which

transter the command  in ABCTIT  code character—by—

character for the cmmpléte'cammand_in.which iz imbedded

the low-level protocol for translating ASCII code into a

pinary bit stream.

0000s BINOS G000 SEIEE SE0E $00LE TSGR 85500

-o“umm-.mnmnommno«w“m

Calibration software.
_ gl )

Calibratimmtﬁoftware-i%_required to calculate the transtormation

factor from coordinates relative to a vision system




(pixel by pixel) to a robot coordinate system and , 1in the case

of two-dimension (2-D) vision systems, account for the‘ three-

dimension (3-D) dispersion angle (i.e. depth information)
HScal ing routine_' 5 These software routines are
specitically developed for two-dimensional (Z-D) vision
systems and are written to transtorm the data +rom a
vision system reference frame to a robot Feference
frame. The software routines consist of a top-plane-u
and top-plane-y for a predetermined top plan ;iaw in
the vision system and a bottom—-plane-x and bottom-
plane-y for a predetermined bottom plan view (typically
a surface upon which parts rest or the background of an
image) . At  either the top or bottom plane, the data
that is transformed is the %,y poﬁitiﬁﬁal data and the
B orientation datum. Only 3 values at each level are

needed for these software calibration routines.

nation procedure

esess eneer . HDOS SAVVS SEOEE $0000 OL0E 00000 Sesee

(4). Coordinate tran

e ovecs

o

0

I

During the vision to robot communication phase the following
task must be carried out in the vision controller:

~calculation of the center of gravity 0 (X5 . Yo )

~identification of the workpiece

—ralculation of the orientation of the workpiece

~tiransfoirmation of the coordinates ot the céhterzpmgitimnrtm. the

coordinates of the robot system

The typical two-dimensional (2-D) image processing vision




system has three data values: consisting of the "X" and A

coordinates relative to the pixel coordinate system and the

orientation of a part in radians. Eefore data is sent to the

robot controller, a scaling procedure which transforms X and Y

coordinates into a Robot's reference frame must be done.
Coordinate transformation software : These two routines
accept I points from the vision system, and the
information is coded so as to be recognizable by the
Fobot controller. This coded information is then passed

to the robot system.

4.4 ORS i~bot 1 to FUMA Interfacing Example

The system configuwration diagram for the current ORS i-bot 1

vision system to a FUMA robot is shown in Fig. 4.8. According to

the above definition in intertacing vision system to the robot,

the i-bot 1 is a Robot Dependent system. The following section

details the defined procedures of the previous section to the

current vision-robot interfacing system :

1. Fhysical Intertace

The current vision controller with a 80846 processor is

connected to  the Puma through an RS 232 C cable. The

comnunication between the vision controller and the robot
controller iz handled by a DLV1I1-J board in the robot and an
CIntel €251 chip in the vision system. As previously mention, the

robot controller contains a LSI~11.prmcmﬁaar:with.a HLv11wJ_b0awd

which is a fouwr-port asyh&hronuua.sekial 170 bmakd. One of the

e
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ports is used for a terminal connection. The other ports alr e
used foé a teach pendant, disc controller, and any accessory
expahsion boards. In the ORS Vision Controller, there is a 8251
programmable communication interfacé for handling the I1/0 task.
The 82531 is used as a peripheral device and is programmed by
the CiHU to operate using virtually any serial data transmission
tedhnique lpresently in use. The USART accepts data characters
from the CRU in parallel format and then converts them into a
continuous serial data stream for transmission. Simultaneously,
it can receive serial data streams and convert them into parallel
data characters Afor the CFU. The USART will signal the CFU
whenever it can accgpt a new character for transmission or
wherever it has receivedié'charapter for the CFU. The data
format for the communication:between the ibot and the FUMA 1is

ssspe

shown in table 3.

TABLE 3

FUMA and TROT Communication Data Format

Mode | Full Duplex -
Baud Rate QLHOO

- Farity Mo
Data Hit 8

Stop Bit 1

Based on our procedural definition developed as a proposed

i a |
standard, the physical interface between the i-bot vision system

&Q
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and the FUMA robot i1s commensurate with an RS 232 sarial

intertace port.

I".‘

2. Data Transfer Frotocol

The communication between the ibot and Fuma necessiates the use
of sottware to handle the byte transmission and ‘;data
acknowledgement. Frotocols are needed to calibrate the robot and
to down-load or up—load a program from off-line disks. The data
transfer protocol should be flexible encugh to handle all such
tasks. Considering the software design between the ibot and FUMA
system, the data transfer protocols can be described as
follows:

a. Robot-in ana Robot-out

The lowest level of robot control has protocel sottware which
spnds  data to and from the robot system. The current state of
robot control aﬁﬁgm@g,am R& 232-C asynchronous serial data Link
hetween the i-bot system and the robot controller. The code
consists of two subroutines. one for g@ttiﬁg a byte of data from
tﬁe robot  controller and one for sending a byte to the robot
controller. (as shown in appendix 1 ”remqte.aSm“)

bh. Robot Mode (Talk'tm Robot)

Robot Hmdé;ia'a terminal emulator program. I't consists of two
subroutines = (1) (Fobot md) which is the over-all control of
FRobot Mode and the (2) (Robot comm) is the terminal em@latar. {as
shown in appgndigﬂf

The Robot—-in and Robot-out rmutines de$tribedAahove;cmrreapmnd

61
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to the low-level communication protocol of the proposed éiéndéra,

whereas the Robot mode routine corresponds to the high level

communication protocol of the proposed standard.

e

T. Calibration Software

The objective Q{‘ the data transformation iz to effectively
calculate scaling factors to be used to map video pixel element
(pel) locations to robot reference frame spatial locations.

A lin8~0¥w5ightAproblem

In order to accurately define & T dimensional point in space,
the two dimensional data provided by the imaging plane 1s used 1in
conjunction with‘in¥mrmation.providéd by the photosensor beam 1in
the tips of the gripper nechanism attached to the robot. ANy
Spacial reference point can be viewed as lying on A vector
between tﬁéi point itself and the imaging camera lens. This
vectaor is referred to as the "line-of-sight” vector (Fig. 4.9 .
The Fobot moves to a point on this vector which intersects the Z1
plang. The path will be along the "line-of-sight” vector towards
the I0 plane. When the photosensor beam is interrupted by the
paﬁt, the gripper JAaws are closed and the part ig retrieved.
b. Scaling Froblem

There are 4 calibration points taken from the I0 plane and 4

mmr@'takan»Frmm~tha‘21:planﬁ_ The points taken are as shown 1in
Fige. 4.10.  Nhen the points are detined, the distances

calculated ( pixelszby the vision system (referred to-asngX} and

,miilimeferﬁ'by the robot ﬁy%ﬁem_(weﬁerred.td as dRX)) are used as

>

a ratio to compute the X, Y scaling. The ORS i-bot 1 vision




system handles the scaling FARFTOrsin—the—way described above.

Different designers may come out with different methodologies.
The scaling factors derived from the 4 calibration points will
transform the X, Y, 0 data in a vision system reference frame
into a rdbot’s feference frame. For example, in the top plane the
X, Y, 0 data which corfespmnd to a vision reference frame will be
multiplied by scaling tactors SX and SY. Thus the X % 8X and Y X
gY data will correspond to the point which is relative to thei
robot’s reference ftrame. This would then correspond to the

PFOpoaed;atandard.

4. Coordinate Transformation Frocedure

Before data is sent teo the robot controller, & check is made
using the routine nepbot—~diagnostic” to see if the robot  system
18 ;Péady to accept data.  Move Robot scales the coordinate data
and passes the new coordinates to the robot cotroller. Move
Fobot is a software routine which uses "tmpwsétwrmbot” Qubpbutiﬂ@
to  send the top plane:courdinate$ which are scaled by top plane
scaling factors S5X amd_ﬁYg.and-“bthQQtMWGbot“ subroutine to send
the bottom planezcoordinataawhiﬁh is scaled by hottom scaling
factors 5X and 8Y. Control is then passed to "obot-acquire”
which starts the robot controller hased acquisition program. (as
shown in appendix )

These FFoutines in the i-bot 1 vision system correspond to the
p?eyiéusly defined proceduare protmcalgm They-iran&fmrm-thﬁﬂdata

irm the i-bot 1 vigion reference frame intm-amrdbmt’ﬁ re?erence

frame and then transfer the data to the robot’s controller.
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4.5 I-BOT to GE-FS50 Interfacing Approach

The O0RS i-bot vision system which was specifically designed to
be used with a FUMA robot is a Robot Dependent system. If a robot
by a different manufacturer is used, problems arise in command
structwe (I/0) and signal controls such that a new interface
must be designed. Such problems are typical and are a
disadvantage of Robot Dependent system. Hased on the previously
defined procedure and definitions, the approach taken in this

thesis 1is to interface the i-bot vision system with the GE F50

robot. The GE F-50 robot available for this study did not have
an Ko Z3E0 interface port. The approach taken was to design a

simplified interface with the goal to send X, V positional data
and. orientation data to the GE FS50 robot. This interface was
:designed such fthat one can program the robot to move to these

coordinates.

1.) GE P-50 ROBOT I/0 CAPABILITIES

signals can be exchanged between the GE F-50 robot control unit
and a peripheral device through the manufacturer supplied single
cable (CNEX) as shown in the Figure 4.11. An  T/0 pulse is
defined for the CNEX cable as 40 ms. Arbitrary pulse lengths cari
be created using timers.

There arre 16 available input signals for the GE F-50 raobot.
Input ﬁign&ls;'ﬂ~through 7.can;b@pfogrammEd via the teach box

using the IN key. Input signals are received from external units

by using the ENTER key on the operation panel. Enter © through
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tee gem

7. or  ENTER 192 through ENTER 199 are asoed as tho fresl

input  commands in oa job. The et @ight avallalkle signals  aure

| e anpuk

ENTER 200 throuwgh ENTER 207.  Fig. d.12  andicalos

coartr el e

circult onnection from the CHEX cable to the robot

F-50 rabot to  dinteract

The input circult connector enables the

with the outside enviconment.
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Figa. 4,12 Imput Circuit Conmection [LE]

I additian,

7

‘ : there are 1é aval lable output signals for the GE




=50 Fobot. Output =i grnals sre sent Lo estermal wmits by dss of
the  OUT key. Fig. 4,173 detsils the oubput circuit  connechi on.
Thus, a total of 22 available 170 bits can t"._li:n g accessed  through
the use of the ENTER 192 through ENTER 207 and OUT 14 throwgh OUT
A1 commands. Apperndi . 4 gives azuﬁtail description of the 170

Assignments and Functions as supplied by Goneral Fleotrioc for the

=50 robot.
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The output contact rating of the CNEX cable is 1 amp at 24 VDC

(resistive). Although each contact is provided with surge

suppression, a diode should be used with inductive loads (e.q.
relay) to insure sufficient protection against large inductive

switching transients.

Other input signals include the job select bits. These form a
4 bit register to indicate a job to be performed. The command

CALL X will execute the job indicated in the jdb select register.

These are inputs 208-211. Input 212 is for external initiation
of the zero point adjustment procedure. This also serves as a
servo on  signal. Servo off, enternal start and stop and

emer-gency stop inputs are also available. Output bits indicating

automatic operation and emergency stop exist also.

'?,) INTERFACE DESCRIFTION

== s - =

To develop an interface between the GE F-30 robot and the ORS

visimn system involved a design based on the I/0 capabilities
described in the preceeding section. Although these 1/0 bits are
primarily for discrete process control applications, there use in
the designed interface is necessary since this model of the F-350
robot does not provide for any other input. (Later models of the
F-50  robot include an RE-Z3E32 port, simplifying this process.)
a.? Fhysical Interface
During the interface design prmcedure; inputs 200-207 were

set up to handle an 8 bit input word. Writing a F-50 robot

program would then transfer data for these inputs to

69

e




internal shift registers. There are 16 bf these Fééiatekéﬁ

each with an X,Y and Z component. The purpose of these
registers is to offset a programmed robot move. Thus, if

the robot is programmed to move to point (X 0,z
0,Y ), the

shift reglster values will cause 1t to move to
O+X, Y Q+2Z) . Since the shift is relative, it is
(X O+Y, Z
possible to program the point of origin. The serial to
parallel conversion, timing, signal coordination and
overall é@ntrol is performed by a IBM XT microcomputer.
The IBM FC/XT s,stem was selected for both its ease of
interfacing through an INTEL standard 8255 prallel I1/0
port, and its speed of operation. The programming was
done imn  Turbo Fascal due to the I/0 structure of the
program when used with the XT. This structuwre 1is a
logical device structure using the FC-DOS operating

system. In the PC-DOS operating system, all devices

attached ton the machine are "configured" into th
operating system as logical devices, therefore making
reading from and wﬁitimg;tm.the&e'devigeg quite simple.
Based on the previously defined procedure, the physical
interface should be through an RS 232C cable. Since the
GE F-50 of this study did not have an RS 232C intertace
(Later models include an RS 232C cable), the physical
interface as described above was utilized.

b.) Data Transfer Frotocol

1
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1. Low-level Lommunlcatlon protocols

A. F-30 Software
The purpose of the F-50 programs is to transfer the data
from the previously mentioned input word (discrete bits
- 200-207)  to the appropriate shift registers. This 1s
accomplished by “polling® the bits of the input word and
adding the appropriate value (Z¥¥N) to the appropriate
shift register. There are six jobs, each one for +X, -X,
+Y, ~Y, +@, -@. The icb to be executed is determined by
the programmable controller and indicated by the job
select register.

Upon the occurance of an external start signal, the P
50 will be in Mode X, and QDD Q00 will be executed. The
following listing details the program if JOB 000 which
inputs the X, Y, 0O data from the i-bot vision system to

the GE F-350 robot controller.

JOB 000

Frogram Description
Do & ¥ Once for X, Y and @
Hegin
Out 24 ¥ Send the Data Reqgquest bit
If ENTER 192 ¥ If data ready
Then
I+ ENTER 193 ¥ I+ data not zero
Call X ¥ Execute job in job select
End register.
Ffm Q01 ¥ Frogrammed move to
Job End . Origin.

"This program loops three times to input data for X, Y and
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8 respectively.

The command Call X imbedded within the

program serves to call Jobs 1 through 6 which will pertorm

the tasks of manipulating the positive and negativé Xa Y

and B8 data.

Frograms for JOEBS 001 and

transfer) are listed below :

Job 0O1

o oo soeee penes

SEL MREG 001
UNIT MREG 008

CLR MREG 001 01

I+ ENTER 200
Then
Begin
Const 001
Add MREG 001 01

End

I ENTER 201
Then
Begin
Const Q02
Add MREG 001 01

End

I+ ENTER 202
Then
Begin
Const 004
Add MREG 001 0Ol

End

002 (for +X and -X data

(+X)

9000 CERGe 0000 SEEE Gases SESee 000e Soene svses svsee

¥ Select shitt register one
(there are 16) .

¥ Unit 1is 8 X 125 mm =1 mm
(125 mm is minimum unit)

¥ Set X component of
reglister one to zero

¥ Foll first bit.

¥ Constant = 2¥X0 units.

¥ Add constant to X
component of first shift
Feglster.

% Foll second bit.

¥ Constant = 2%X%1 units.

¥ Add constant to X
component of first shift
reglister.

¥ Foll third bit.

Constant = 2XX2 units.
Add  constant to X
component of first shift
reglster. “ :

-~<— —




o0ses sotse SR ssoas sselh svese

I¥f ENTER 203
Then

Begin
Const 008
Add MREG

End

I1f ENTER 204
Then

Begin
Const O16é
Add MREG

End

I¥ ENTER 205
Then

Hegin
Const 032
Add MREG

End

I+ ENTER 206
Then

BHegin
Const 064
Add MREG

End

I ENTER 207

Then
Begin
Const 128
Add MREG
End

Q01

00l

0ol

S19D]

QO1

01

01

(85|

01

01

Description

X

%

2 I

I ¢

Constant =

eosee Soons

Foll fourth bit.

Constant = 2XX3 units.
Add constant to X
component of first shift
reglster.

Foll fifth bit.

24 units.
Add constant to X
component of first shift
reglister.

Foll sixth bit.

Constant = 2X¥X5 units.
Add constant to X
component of first shift
reglister.

Foll seventh bit.

Constant = 2¥%¥6 units.
Add constant to X
component of first shift

register.

Foll eighth bit.

Constant =

:’: * *: ? L(ﬂi t%.
Add constant

ta X

component of first éhift
register.




e

SEL. MREG 001

UNIT MREG 008

CLR MREG 001

If ENTER 200
Then

Begin

Const —001

Add MREG 001

End

I+ ENTER 201
Then
Hegin
Const —0Q0Z
Add MREG 00l

End

I+ ENTER 202
Then
Begin
Const -—004
Add MREG Q01

End

I ENTER 203
Then
Begin
Const -~008
Add MREG Q01

Erd

JOR

01

01

o1

01

wos?
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(~X)

onss $00s0 et 200et 50t 280N SIS0 BEGGE SORSE

Select shift register one
(there are 16)

Unit is 8 X .125 mm =1 mm
(,12% mm is minimum unit)
Set X component of
register one to zero

Foll first bit.

Constant = —(2%X0) units.

Add constant to X »
component of first shift
register.

Foll second bit.

Constant = —(2Xk1) units.
Add constant to X
component of first shift
register.

Foll third bit.

Constant = —(2¥x2) units.
Add constant to X
component of first shift
register.

register one to zero

Foll fouwrth bit.

Constant = —(2¥X3) units.
Add constant to X
component of first shift
register.




Frogram
If ENTER 204
Then
Hegin
Const -016
Add MREG 0QO1
El”ld \
I+ ENTER 205
Then
Begin
const —-032
Add MREG OOl
End
I+ ENTER 206
Then
Hegin
Const —é&4d
Add MREG GOl
Ernd
If ENTER 207
Then
Begin
Const 1328
Add MREG 001
End

01

01

01

01

COPEE ESOUL 00000 S0SE POENE

X

X

£ 3

¥ %

X Constant =

Constant =

component of first
register.

Foll fifth bit.

-~ (2XXx4)
Add constant to X
component of first shift
reglster.

units.

Foll sixth bit.

Constant = —-(2%X5) units.
Add constant to X
component of first shift

register.

Foll seventh bit.
Constant = - (2X%X&) units.

Add
component of ftirst
register .

constant to X
shift

Foll eighth bit.

w(ﬁ**?).unitg.,
constant to X
shift

Acd

The corresponding Y and 8 operations will be identical programs

except that the appropriate offset registers for the Y and Z will

be substituted for in the following

AXIS
X
v
s

table where applicable.

MREG

001

001

Q0]

01
02

O




E. PC'XT'{x}-ééo'COMMUNICATIdNS

The GE P-50 robot receives positional data from the
microcomputer as a positive binary number . This
positional data, the Jjob select data, and the other
control nits are transferred from the micro to the robot
via a pair of parallel ports on the micro. ‘ These ports
require some hardware to generate the appropriate voltages
for the robots input. Such hardware includes a set ot line
drivers to transform the o volt which is the output from
the micro to the 24 volt signal which is reqguired in the
robot’s circult . The F-50 also generates a data requégt
bit when data is needed, and the micro replies. A zZero
flag is also needed it the X, Y or 7 coordinate data 1is

o= g w

High~level Communication Frotocols

IBM XT PROGRAMMING

A program was developed to read ASCII data throwah the RS-
2E2C port on the IBM XT from the ibot vision system. The
function -Q{'the_progﬁam was to convert the-input?data to
the offset notation necessary for the O6E P-50 robot. The
program generates the offsets, appropriate Jjob select
number, =zeroe flag, and start hits and then output them to
the robot via-g.pair}af parallel ports through the CNEX

cable. One port was dedicated for the offset value; and
. ¢ |

) . p - o q . . - "
aother port was used for the necessary Bits listed above.

-~
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(i.e. Jjob sgiéct numbéF;wmgero 4iagm}:fétc.) With minor

modifications this software could be adépted to other

sources (e.q., other vision system) outputting positional
data. 'The inputting device of this atudy (i—-bot) has been
configured to have the data available as a binary word on
the RS-232 port of the IBM XT. Other possibilities (ASBCII
coded data is common) could easily be handled by the micro
coﬁputer program. (subtract 40H and multiply by +the
appropriate power of 10 for ASCII digits) This type ot
programming was chosen because of the flexibility of

handling different types of input.

Listed below is a program that takes the output from the
RE-2E2 device, properly formats it for the robot

controllers iﬁput, arid transfers the formatted input to

thegrobot. In this case, the input device is the i-bot
| vision system. The program is written in Turbo-Fascal.
program robot;
Frogram r Description
var
offset, controlibyte; ¥ Offset and control are
'definedgaﬁ a byte.
job, irnword, count:integer; ¥ Job, inword and count
are integers.
procedure readbyte;
begin
ﬁ@adfuérainwordla ¥ Input the data from i-

bot
@ndg
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“EFBérga”””" | | . o Description

00000 songn s00ss 00000 so0ee seeee GPAE0 ONSE CEN0S SENGE PENES SOLMN G000 SONEN PUS0S Sasee

procedure make_offset_outpul_byte;

begin
it  inword < O then ¥ Check if the data 1is
positive or negative
begin X If negative, select
the right Jjob number
job:=job+1; |
inword:= abs{inword);
< ends;

e..3'..](:’ ; N

begin ¥ Input the X, Y and O
while 1<:2 do from the iwbot;i
begin
for count:=1 to I Jo
begin
readbyt5}
job:={(count¥d)—1; ¥ Select the job number
make offset_output_byte;
Comment = I+ any uwnit ccnversionglare'nece$5ary, they are to be
done repeatEdly, i.e., above program is repeated (while
statement to make-offset-output-byte), control is then

passed back to the main program as follows :

affesetr=inwords;

Caﬁmant s According to the data input from the i-bot vision
»-*;53«,N'sd:&z*.fni,I a contirol word is assigned for job selection, the
puwpwﬁé of which is to brangh the job for +X, +Y, or +0
.manipulatiﬁn, The montrml Qord consists of 8 bits, each

of which is assigned by the programmer. The bit héttern

is as follows :

78




R

bit purrpose
0 used for job select
1 1
4 O +lag
) start
6 unused
7 unused
Comment: The following subprogram assign the control word
Frogram Description
control:=  0Of ¥ Set the control word
control:=control + job; ¥ Set the job number

if inword:= 0O then

control:= control -+ 163 ¥ Set O bit 1t
appropriate

control:=control -+ 2.3 - ¥ Set the start bit
write(lst,offtset); X Output the data to
write (aus,control)s; GE F-50
ends
ends;
end.
According to the previously defined procedure and

definitions, the brogram developed is compatible to the

low~-level and high-level data communication nrotocols ¥0r

,
the transfer of ASCII data.
c. Calibration Software  and Coordinate  Transformation

Frocedure

Having “developed the physical interface and the low-level




o e e

and highwlével communicétion protocols,‘ the calibration

software and coordinate transformation procedure would

involve- much programming detail in the ORS i-bot wvision

system. Due to the program command structure in the GE F-

S50 robot. the send-out command from the i-bot calibration

software routines must be changed into the offset distance
!

data. For example, the send-out command "move Xl“*?ill be

changed into the offset data "offset-X, offset-Y" for the

F-50 robot to move to the defined position Xi.  The

scaling factors then can be achieved through this modified

calibration software. Rased on the previously defined

procedure, the X, Y and 8 data sent out from the i-bot

vision  system can be transformed into the robot s

reference frame by multiplying the X, Y data by the

scaling factors. buch a software routine would be

compatible to previously detfined procedure as a coordinate

transformation procedure.

4.59.1 Analysis of Results

The apprmachiinzint@r$acing:the;i@bot.vigign'ﬁygtém'tb:ﬁﬁ' =

-

1.

50 robot gmntroller'pragented the lelmﬂihg problems :

No  physical interface standards @ An RS REZ2-C
communication port was not available in the GE F-350 robot

mf this study. An interface was developed to accommodate

signal commands between the vision system and an IBM XT

with subsequent data transfer to the robot controller.




2. Data transfer protocol : Due to the program command

structure in  the GE P-50 robot, the high-level

communication software in i-bot vision system was modified
to be able to output the GE F30 commands instead of the VAL
commands. An IBM FC-XT is proposed as a host computer for
communicating the information between the i-bot vision
system and the GE F-50 robot.

Calibration Software : The calibration software would
involve much programming detail. Since the thrust of this
research was to develop grneric stratefies for robot-vision

imterfacing, 1t was not considered necessary to fully

develop such software routines. Rather, i1t was identified
that it was feasible to develop the.so%tware to transform
X, Y @&nd O data in a vision system reference frame to the

GE F-50 reference frame. PRased on the previously defined

procedure, one can write down the calibration software
(code) satisfy the line-of-sight and scaling requirements.
Coordinate transformation procedure @ Owing to the

different application purpose of the P-50 robot, the I-BOT

software must be modified to be able to send out seam
tracking data to the GE P-350 for welding feedback control.
The btasic concept would be to send out X, Y and Orientation

data from the;i*bmt vision system to the GE P-50 robot.

Mrice such data is transferred, it can be modified according

to  the application purpose. The traﬁ%#mrmatimm_prmcedur@

would then be the same as in the bin-picking application.
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‘The above problems list indicates that the robot dependent or
the vision dependent methodmlogie%}do not have the flexibility
for free exchange of information between different wvision
systems and different robot controller. A modular system 1s
prmposéd in this paper. The modular system provides a method of
connecting controllers in distributed control applications. By
means of standard interfaces and Specification of useful hardware
and software interface, the modular controller can link together

many intelligent pértg of industrial work-cells, distributed

motors, or device controllers.

a%
o
tand




CHAFTER 5

GENERIC AFFROACH TO ROBOT-VISION INTERFACING

Current manufacturers typically define either a robot dependent
system or a vision dependent system when interfacing a vision
system to a robot. Such an approach has led to various problems
in interfacing between specific vision system and specific robot
controllers. For example, one problem that arises is the
interface of a "vision dependent" robot to a ”robot dependent"
vision system, In the ORS i-bot 1 vision/Fuma robotics system
used in this study, the vision system is robot-dependent, sending
VAL, commands to the élavE, ;Pumé robot. I+ ﬁhe-Puma is replaced
by the GE F-50, ailithe'CommandSNtranSmitted'b§ the data transtfer
protocol and transftormation software in the 1-bot vision system
must be changed as discussed in chapter 4. bystem users are
typically not familiar with the data transfer protocol and

transformation software reqguired between general vision system

and robot controllers. The purpose of this study is to define
a vision-robot system which i1s plug-compatible and eaﬁily

implemented.

Fecause of problems with the robot dependent and the wvision
depandeﬁt systems, a modular algorithm is preferable. A modular
algorithm is similar to the integrated system briefly described

in chapter 4. The main difference between a modular system and




an integrated svstem is that the modular system has modulaF

structured software designed which allows a flexibility in

choosing different robots for different vision systems.

integrated gystems of today do not provide such flexibility.

5.1 Relationship Between the Vision System and a Robot Controller

The relationship between a robot and a vision system 1in the
modular system is totally different from the vision dependent
(master—robot, slave-vision) or robot dependent (master-vision,
slave-robot) systems. The concept of the proposed modul ar system
is based on distributed processing and hierarchical control. The

vision controller performs data gathering, 1mage analysis, part

identification and orientation. The vision controller is driven
by an external computer, and the system controller makes
dec:sions based on this information. The system diagram of this

‘:::1

proposed system is shown in Fig. 3.1.

In the proposed appFOéChﬂ both the robot controller and vision
controller are configured strictly as peripherals. To the
controlling 'Gmmputéﬁ, the robot and vision controller appear

electrically identical to a computer terminal.

5.2 System Architecture in the Froposed Modular System
The proposed system, illustrated in Fig. 9.1 , consist of a
microcomputer with a large memory (€.9. hard disk) for sottware

communication and application software devel opment.

Communication between a tobot controller and a vision controller
>
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Fig. 5.1 A Modular Interfacing System Diagram




“to the' computer is @ through the RS-252C standard ‘marial
communication line.. This communication protocol was ﬁeiected
because it is, in essence, a de facteoc interface standard that
nearly all computers are equipped with. The time taken to
communicate between the controller to the external computer 1s
only a few milli-seconds when running at 9,600 EBaud, adding no
significant overhead to the overall cycle time.

The IBM FC XT was preferred as the control computer because of
its 10 Mega byte hard disk and ease of expansion. Other
microcomputers with similar compatibility are just as 'usablé.
The expansion unit in the-IBM(XT contains a power supply, an
expansion board, and a FEEE{}@F card. The IEM asynchronous
communications adapter can be used for the cbmmunicatian between
the robot and vision controller to the XT microcomputer. The
different modes of operation may be selected by programming the
8250 asynchronous communications. element. This is done by
selecting the I1/0 address and writing data out to the card.

The communications adapter provides an EIA RS 2E2-C interface.
One  25-pin D-shell, male type connector is provided to attach
various peripheral devices. While 1in thé- vision and robot

system, there must be an RS5-232-C I/0 port for data communication.

we s Sottware Communication System -
According to the previously defined_procedUre.and definitions
given in chapter 4, the interface between a vision system and a

robot’s controller  can . be implemented as Fig. 3.2, This




interface includes the following features
t1.) Fhysical Interface
(2.) Data Transfer Frotocol
a. Low—-level Communication Frotocol
b. High-level Communication Frotocol
(Z.) Calibration Software

(4.) Coordinate Transformation Frocedure

Scfewave Interface

‘ ,.':LOW’LE\A Hifjh'bf‘/d Data - Cal_:gnit:on_'
RObOt > | Comm, Comm, Transform. |
Prototol Proto ol | [Sottwave

Soltware|

[ Controller

\

| Vision

Fig. 5.2 The interface between a'viSianSYStem and a robot
- controller

87




In the proposed modul ar system, the host computer is in charge

of the communication between a vision system and a robot's

controller. The data transfer protocol, calibration software and
coordinate transformation software will be developed and saved in
the hard disk of the host computer.

To provide a compability for implementing a modular interfacing
system, software modules can be expanded and designed as
illustrated in Fig. 5.3. Each block in such a modular structure
can be accessed by the process coﬁtrol.program on the " master
computer (IEM XT). This process control program adaptively
controls robot motions based on image processing information.

The control computer contains various levels of modul ar
software, such as Application specific software, coordinate
frahsfgrmation software, low-level communication software, signal
processing software, '1ow~level data acquisition software, and
Vvision calibration software. The detail in each block will be as
following

1. Low-level Communication Software

This software Supportg,agynchrmnous,communicatioﬁ between

two stations (robot/computer, vision/computer). It
guarantees transfer of error-free data. It allows the

transfer to be initiated by either station.
2. High-lLevel Communication Software
_‘Th@ software reads and writes the messages among the host
computer, a vision system and a robot’s controller. | The

messages include the following items:




% ~ | Application  Vision
N ' SPCC‘&C ~ 7 Calibration
T Sobt ware Soft ware
: j

8 | Coo&linotce | Signd

N | TronsEorm. | Pkocessmg
C | Softwore | Software

" T

M | ~ ~- |

P H?g\\—tevc\ | | Low—-chd- |
u | Communication | Dota Acquisition|
T | Seftware | Software |
R

" Low? Level |

| Commumcation
Sobt wavye

g Contvolley

B

0

’ Robot | lamera, _
_ )

Fig. 5.3 Software Block Diagram of the Modular
Interfacing System
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a. Send a program to the robot from the host computer.

b. Receive a program from the robot at the host computer.

c. Start the program that currently resides in the robot

memory .

Led

. Coordinate Transformation Software

This software module is to transfer the data captured 1in
vision system into the robot-readable information. The module
should provide conversion for different robot application.

4. Low-level Data Acquisition Software
This level of software enables the system’s ability to
communicate with vision sensor. The software module is
specifically written to meet the characteristics of the vision
sensor, such as transmission speed, encoding of data, and
ensuring data integrity.

5. Signal Frocessing 80ftware
This module provides processing of raw sensor signals to
provide information directly usable at a higher level. For
example, this processing is performed in the output of vision
sensors to provide recognition or location information.

6. Application Specific Software
This software is process specific, because it controls the
sequence of operations to be performed. Tyﬁically, it is a
set o©of modules that uses some, or all, of the previously
degcribad modules to create a fully iﬁtagrated program that

. ‘ supports all the functionality required by the system. Tasks

that must be performed at this levlie are 1

Q0




. Assembly | - - L

Inspection

Welding
. Bin-Ficking
7. Vision Calibration Software
& »

In order for the robot to a-quire parts located by the
vision system, there must exist a common cartesian frame of
reference. This is accomplished by the vision calibration
software. The procedure is as the following. First, the
vision system 18 Calibrated to establish an accuwrate two
dimensional coordinate system in the field ot view. Next,
the camera coordinate éygtem must be related to the
coordinate system of the robot. This is accomplished by
determining a camera-to-robot coordinate transformation. A
coordinate transformation 18 an operator which describes
transformation an irmtatimn of a coordinate system from one
location to another. Thus the camera-to-robot transformation
describes the transformation and rotation reguired to bring
the camera coordinate system into coincidence with robot
coordinate system.

The proposed modular system includes a main program which is in \
the application specific software. The main program is an
interactive program containing a menu. The menu is a list of
tasks that may be executed by the system, éuah‘ as welding,
assembly, inspection and bin-picking.

Once these choices are made, the task program imbedded in the

?1




application specific software module is run. The task progFram 1%

called by the main program. The task program oversees the actual

operation of the robot vision system in current use. The task
program can be edited and modified according to the Jjob
requirements. For example, 1n the assembly work users can

modity the task._program according to the application purpose or
even rewrite the task program and save it in the hard disk.

The calibration software i1is written down +for solving the

caiibration problem between the vison system and robot
controller. For different application purpose, e.q. 1nspection

or welding, the vision system could be two-dimensional or three-
dimensional . There'/;re two calibration routines. One is for
a two-dimensional vision system and the other is for a three-
dimehgimnél calibration system. | The proposed calibration
procedure will be the same as that used tor the iébat vision
system described in chapter 4. Atter +inishing the calibration
procedure, ‘the scaling factors 5X, and Y (or S8Z in a three-
dimensional vision system) will'be_detérmined. Once the scaling
factors have been determfned, the coordinate transformation
software can  transform the data from the vision system to the
robot controller by multiplying the data by scaling factors.
Based on the proposed software model described above, the host
computer is eqguivalent tmataak-ﬁmntrmller. The host computer

interfaces with the vision system by way of a request and a

feedback buffer Ffor in*dkmation,exthaﬁge~ Based on  the .data
\ transfa#r@d, the host conputer will decompose the task commands
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iﬁtw 1Dw~1év@1 Eog%rﬁl commands foF thEe Fobot controller.  The
- more levels that the task is decomposed, the more detailed
command structure of the system will become. As proposed by M.
L. Fitzgerald and Anthony J. Barbera of the National Bureau of
Standards for a real time robot controller [311, the task 1is
decomposed into five levels as showed in Fig. 5.4. These levels
consist of (1) task, (2) elemental move, ) primitive, (4)
coordinated joint, (3) servo. Aftter the tésk is decomposed, the
robot controller will transfer the command signals to the robot
arm step-by-step. In such a low-level control interface, the
proposed modular software system will provide the ability to be
able to integrate a di%%eveﬁt robot with a different vision
system. The proposed plug-compatible system then can be
implemented.

In an automated manufacturing system, the current trend 1d for
the architecture - of the control @ system to be arranged

hierarchically. Fach controller takes commands from the next

higher—-level in the system. The tasks can be entered from the
highest level and are decomposed down into subtasks. The

subtasks are executed at that leVéi,and, i+ necessary, are
turther decomposed into commands as output for the next lower
ieveln The proposed modular system, which includes a robot
Ccontroller and a vision system, can -be integrated as part-aF'guch
A hierarghically ﬁﬁfﬂdturéd auntomated manufacturing system. The

proposed control  computer for  a vision system and & robot

controller will be able to respond in tW6‘hiéParﬁhical.airectimns
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Fig. 5.4 The five generic control levels between the Robot Task
Controller and the Robot Joint Controller. [31]
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: 1) down the hierarchy to a vision system or a robot controller
and 2) up the hierarchy to a higher—-level computer.

Ey means of the proposed modular'software interface and low-
level control _interface, the proposed system can be linked
together with other intelligént work—-cells. With such interchange
ability, the system can become part of a larger system, and can
quickly respond to requests tor data from the higher level
factufy computer. Fresent téchnology, does not provide the
flexibility to easily integrate the components of industrial work
cells. However, the proposed modular software system and low-
level control intertface, combined with advances from increasing
technology, will assure the implementation ot a total network

computer control system.




CHAFTER &

CONCLUSIONS

The results o0f this research showed that the interfacing of

a vision system to a robot controller is directly dependent on

the following features @

a. Fhysical intertace

b. Data transfer protocol

c. Calibration software

d. Coordinate transformation procedures

Berause of the variation between vision systems arnd robots,

designers interface their systems 1n different ways. Such

methods imcludé Robot Dependent method, Vision Dependent method
ard Integrated method. There are advantages and disadvantages in
each System. Users can choose their intewfacing-methad‘based on
the application purpose.

An  procedure was presented to illustrate interfacing of an

i-bot visizn system with a GE F-300 Frobot. Az per the discussion
iri  chapter 4, the designer will be vcgﬂfﬁOhtEd with data
communication and signal controlling problems. A CoOmmon

disadvantasge enists in these systems (ROth; Depéndeﬁts Vision
Dependent, and Integrated Method), in that there is no plug
compatibility in interfacing different robot controllers with
different vision aygtemg.

A modular system for a generic interface between any vision
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system to any robot controller has been proposed in  this —
research. The architecture of the modul ar system is that ther=

is a control computer which communicates back and forth with the

robot and vision system. The control computer functions as &
system coordinator. The robot and vision controller 18

configured strictly as a peripheral to the control computer.

Thé software to generically interface a robot and vision system
iz proposed to be of a modular structure. In each module,‘ the
information exchange and signal control are_inter:hangeable. The
proposed software nodules are as follows

1. Low—level Communication Software
2. High-level Communication Software
= (Cpordinate Transformation Software
4, Low-1evel Data Acquisition Software
5. Bignal Frocessing Software
&. Application gpecific Software

7. Mision Calibration Software

In  the modular intertfacing system proposed, designers can
interchange Frobot - and vision systems. The flexibility of the
proposed generic interfacing method for robot and vision systems
should lead to-icmmpatibility 1 an automated manufacturing

facility.
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CHAFTER 7

RECOMMENDATIONS FOR FUTURE RESEARCH

This thesis has considered the design of a generic interface
between a general robot and a general vision system, and
specifically the communication and data transfer protocols
between such systems. In the proposed modular system, the
microcomputer is the master controller for the robot controller
and vigsion controller. It is recommended that the host
controller of this proposed modul ar system be dévefopad and
expanded by the following means :

J. Adding Intelligence to Control
The approach here would be to furnish the expertise,
intuition, i.e. intelligence, such that the system is
adaptable to new industrial procedures and work loads.
Futuwre Automated systems software must have the ability to
plan and to handle unpredictable events, faults, or crises.
It must learn from each eusperience. This calls For
artificial intelligence (Al) - a major step in the evolution
of automat@d  manutacturing control systems. From the
viewpaintm%thiﬁtheaiﬁg such software would be imbedded in
the Application Specific Software.

2. Distributed Control System

In a distributed control system architecture, there must be
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a standard interface to the data base and control signal for

sharing the informatipn between elements of the

architecture. It would be advantageous to extend the work

of this thesis to include other elements, - e.q. NC machines,

process controllers, etc., within a distributed
architecture, Because of the multivendor architecture and

differences in the requirements for data manipulation, the
distributed control system will be a real challenge to the
degigner.' The modul ar approach proposed in thig tHesiS 15
Dné step toward alleviating this problem. g
Communication System

Standards for commumication are desirable for information
to be transferred between control processes., The proposed
physica interface between a vision system and a robot
controller is an RS 2320 interface board which has been

accepted as a de factl standard. Nevertheleﬁa, the IEEE 488

Ayt
inte?faCQ board 'iﬁireadilyvavailable'and provides another
option for a physical interface. According to the approach
presented  in  this thesis, such an adaption can  be
implemented in the physical interface. It is ﬁecmmmend@d

that the IEEE 488 interface be investigated.
Farallel Frocessing Systems
Farallel Frocessing Systems are the trend of the future.

With the parallel processing techni que, a vision system can
- 4 9 | o

easily and quickly feedback the inforﬁatiom to the control

computer. For a real time controlling purpose, the proposed

Ay
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modul ar system can transfer the data HoWR to the low-level
control interface. According to this thesis, the parallei
processing ‘techhique can be impleménted in the vision
system. Futher research of parallel processing and 1ts
impact on the modular intertface of robot and vision systems
is needed.

More work is needed on developing calibration software for
robot and vision systems within the constructs of the
modules proposed in this thesis.

Extensions to database communications between the host

computer for robot and vision system and CAD/CAM systems

would provide a valuable future technigue. Duwnlaading.mf
CAD product data to the host comtroller would aid 1in
applications specific software iee. in5pectioh, complex

assembly, etc.
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This appendix includes the lowest level data transtfer

routines ,i.e. “"remote.asm” and "sbyte.asm", which send data

between the robot system and vision system.
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2% AR RS °EE °38

MANX assembler

Communications with Robot via Kemote Communications

microsoft/intel format ).

codeseqg segment para public “code’
cs:codeseq

assume

CTLFORT
DATFORT
TXRDY
RXRDY
RDELAY

ROROT I _
ROEOT _IN

RRWATT:

TO_ROBO_:
T _ROEBOT:

TRWAIT: °

TRDEL.

ROEBOT I
codeseg

equ
e qu
& qul
equ
equl

public
P oc
equ

IN
TEST
JZ

IN
AND
J Z
RET

public

FUSH
MOV
FLSH
MOV
IN
TEST
JZ
MOV
OuUT

MOV

L.OOF

FOF
FOF
Por

- endp

ends
&ric

&DH
6CH
1

2
s

20)

ROEOT I, ROBOT_IN

neatr
ROBOT I

AL, CTLFORT
AL, RXKDY
RRWAIT

AL, DATFORT

AaX, 7FH
RRWAIT

T (] ”F\'DBD,,, 1

EBF

BF, SF
CX
CX, 4LEF]

AL, CTLFORT

AL, TXRDY
TRWAIT
AX, CX

DATFORT , AX

CX,RDELAY
TRDEL.

CX

BF

107

e 22

-2

-7

TO_ROEOT

83 °ag

= Ra WSR3 WmR ‘=R s

=z

-1

GET STATUS

JUMF IF NO CHAR
AVAILARBLE
READ FORT DATA

THROW AWAY NULLS

SAVE BASE FAGE

SET BASE T0O 5TACK
LLOAD FORT ADDRESS
GET CONTROL BYTE
TRANSMITTER READY?
Yes, I+ Non-Zero

SEND BYTE OQUT

WAIT TILL STAERLE

RESTORE BASBE -
EXIT




» 2 te=8
§ Standard ORS port i/o routines made compatible with
: MANX assembler ( microsoft/intel format ).

codeseqg segment para public “code’

108

assume cs:codeseq
public STORE_E_., STORE_BY
STORE _RY proc Mear
STORE _B_= FUSH BF 3 S5AVE BASE FAGE
FUSH BX
MOV BF, SF » SET BASE TO STACK
MOV DX,60LRF] : LOAD FORT ADDRESS
MOV X, 8LBF] « LOAD DATA TO LAX]
MOV CX,10CRF] = LOAD LOW BYTE OF COUNT
MOV BX, 12CBF] » LOAD HIGH BYTE OF COUNT
JCXZ STHYZ = LOW BYTE == 0 - SKIF
18T LOW-BYTE LOOF
STRY1: QuT DX, AL « SEND BYTE OQUT FOR LOW
BYTE OF COUNT |
O0F STRY1
STRY2: QR X, B X : CHECK FOR NON-ZERQ HIGH
BYTE OF COUNT
JZ STEY4 : HIGH BYTE == O -> SKEIF
HIGH-BYTE LOOF
S5TRY s ouT DX, AL = SEND RBYTE OUT &4k TIMES
FOR HIGH BYTE OF COUNT
L.OOF STRYZE - |
DEC EX : DECREMENT HIGH BYTE OF COUNT
JNZ STBYZ = HIGH BYTE STILL !'= QO -
&H4E MORE BYTES OUT
STEY4: FOF EX s RESTORE BASE
pop b, -
RET v EXIT
STORE_EY endp
codeseg ends
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L This appendix includes two software routines,1.e. "Robot
Mode" and '"Robot Comm". Robot Mode is a terminal emulator

program. Robot Comm defines the data transfer protocol and keeps
a queue of incoming data from the robot.
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#define QSZ 200

robot _mode ()
/X Get Operator Fassword. X/
1+ (passwd() == FAILURE) returng
/% checlk for Alive Robot %/
i1+ (robot_check() == & FATAL) return:;
onlamp (3) 3 /X robot X/
erase screen()
curs _ond()s:
robot _comm() |
offlamp (3) 3 /% robot %/ -
curs _off ()
cal _move (RINEAR) 3

:
robot _comm()

int thuffLQSZ+21;
register int Xoutqs
register int Xingg
int tempg
ing = outg = tbhuff;

A

e

for (zz) - - '
/¥ I+ Robot Sending a Character, Get it %/
#ifdef MANX
while (inportb (CONTROLFORT) & RCV_READY)
¥ing++ = inportb (DATAFORT) ;

/% If the Robot is Ready to Accept a Char, See X/
/% if there is Something from the kKeyboard for X/
/% the robot %/

if (inportbh (CONTROLFORT) & XMIT_READY) £

#el se
while (BYTE IN(CONTROLFORT) & RCV_READY)
Xirmg++ = BYTE_IN(DATAFORT) ;
/% I+ the Robot is Ready to Accept a Char, See X/
| 7% if there is Something from the Keyboard for %/
" /% the robot %/ |
if (BYTE_IN(CONTROLFORT) % XMIT_READY) |
#endi

£

if (keystruck()) <
temp = tty_input (i
/% I+ ESCAFE Dequeus and Exit %/
it (temp == Oulb) |
Feturng




#ifdef MANX

#else

#endi f

L

s

- g_;a'

.- LI

., -

outportb (DATAFORT, temp) ;

1l
4

(ing != outq %% inportb (TERM_STATUS) &
XMIT_READY) <
outporth (TERM_DATA, Xoutqg++) ;

RYTE _OUT (DATAFORT, temp)

10
4

(ing '= ouktq &% BYTE_IN(TERM_STATUS) %
XMIT READY) <
EYTE _OQUT (TERM_DATA, Xout g++) ;

if (ing == outg) ing = outqg = tbhuff;
if (ing == tbuff+Q8Z) <
rm_error (" Robot Bufter Over+flow
I ) ;
| Feturnsg
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This  appendix includes four software routines,i.e.

"robot_diagnostic", "top_set_robot", "bot_set_robot", and
"robot _acquire. The function of each routine is described in
the program comment.

*
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/X X/

/X Name: X/
/X ' rob _diagnostic X/
/ X Functions: . X/
/X Check to see if we can talk to the X/
/X Unimate Controller » X/
/X Calls: X/
/X BYTE IN “ X/
/X BYTE OQUT X/
/ X Returns: X /
/X Ok if Talking is allowed X/
/X FAILURE i+ Timeout X/
/X X/
FEKEKEKEKK KKK KKK KKK KKK KKK KKK KKK KKK KKK K KA KKK KKK KRRk k X/

rob _diagnostic ()
r
LS

int rd_time_out;
int rd_too_manvy;

Fd time out = S00;
Fd too _many = 5073
#ifdef MANX }
while {rd _time out-— %% (inporth (CONTROLFORT) %
XMIT _READY) == 0) 3
if (rd_time_out == O) return(FAILURE):
gutporth (DATAFORT, " \r*);
while(rd _too_many—-) {
rd _time _out = 2500
while (rd_time_out-— &%
(inportb (CONTROLFORT)Y &RCV_READY) == 0)j
if (inportb(DATAFORT) == *.") retuwrn(0E):

Helse
while trd_time out-— &% (RYTE_IN(CONTROLFORT) %

Q);

241
XMIT_READY) == '
tUFN(F@ILURE);

if (rd_timz _out == Q) re
BYTE _OUT(DATAFORT, "\r");
while (rd_too_many--—) 1
rd_time_out = 25003

while ; (rd_time_out-— &%

(BYTE _IN(CONTROLFORT) &RCV_READY) == 0)j

if (BYTE_IN(DATAFORT) == *,%) paturn(0K):
Hendi F
| return (FATLURE) 3

-
o
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/************************************************************/

/ X | X/
/X Name: ' X/
/X top _set _robot | X/
/X - Function: X/
/X Send Fre-Scaled, Relative Coordinates X/
/X for Top—of-Bin Z Axis X/
/ X ' Calls: X/
/X talk X/
/X talk _loc ' X/
/ X Returns: X /
/X nothing X/
/X X/

/***#*************#*****************#*********#**************/

top_set robot (k,y,theta)
double x.y.theta;

char comdl4071;

talk ("DO SETI COUNT ="0")j

talk _loc("FO OBJ"); |
ﬁprintF(comdg“%4n£f,%4u2+,,ZS;EF”gg,y,theta);
talk_loc (comd) ;

talk (" ")

LI |
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/************************************************************/

/X X/
/X Name: X/
/X bot set robot X/
/X Functions: X/
/X Send Fre-Scaled, Relative Coordinates X/
/X | | for Bottom—-of—-Bin Z Axis X/
/X h Calls: X/
/X talk X/
/X talk loc X/
/X Returns: X/
/X nothing X/
/X | X/

/KK KKK K K OK KKK KK K AOK KOROKOK K KKK KKK AR KR OK R ROK KKK AOK KKK KX KX/

bot set robot{x,y.theta)
double x.y.thetas

char comdL{40]1:

talk loc("FO OBJO") .

sprintf (comd, "%4.2¢,%44. 2+, . 25,34 ", %, y. theta);
talk _loc(comd);

talk (" ")g

L
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/X X/
/X Name s | X/
/X Robot acquire , X/
/X Function: X/
/X . Tell robot to start acquisition X/
/X phase. Wait for either a dollar X/
/X sign (indicating part found, start X/
/X parallel processing) or a period X/
/K (indicating part not found process X/
/X | next pick). X/
/X Callss X/
/X , blab X/
e Retwns: X/
/ X Ok for part found X/
/X FAILURE for No Fart | | X/
e ' X/

/0K K KKK K KOK K K KK K KK KK KK KKK KOKKOKOKOR K AOK K R K AOK KK KKK K KR KKK R KKK KK/

robot _acquire ()

g
(8

register int J,ij

blab ("EX ACGUIRENr") ;

| for (33) o
#ifdef MANX

i

while ((inporth (CONTROLFORT)%RCY_READY)

3 == 0)3
if ((i = inportb(DATAFORT)) == ",7)
#el se
while ((BYTE_IN(CONTROLFORT)&RCV_READY) == 0);
if (i = BYTE _IN(DATAFORT)) == ".7)

breaks;
if (1 == TgT)
return (OF) j

£
(%

X-£-4
-3
32

_-_-h T O
o
O
N

1]

i 10000

#ifdef MANX - ,
while (i-- %& (inportb (CONTROLFORT)&RCV_READY) ==

Oy

if (inportb (DATAFORT) == %) break;

Helse - A
while (i-- %% (BYTE_IN(CONTROLFORT)%RCV_READY) ==

Q) | .

if (BYTE_IN(DATAFORT) == ":") break;

#endi f N _
if {==j == 0) breaks
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)

o’

Jj o= 303
for (za) o

CJ oo N

: i = 10003
#ifdef MANX

while (i=-— &% (inportb(CDNTRDLPDHT)&RCV_REQDY)'ﬁ=
0) 3
| if  (inportb (DATAFORT) == _".") break;
#else
while (i-- &% (BYTE _IN(CONTROLFORT)&RCV_READY) ==
Q)
if (BYTE _IN(DATAFORT) == ".7) breal;
Hendi f ~ -
if (——3 == 0) break:
return (FATLURE)
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Detailed description of I/0 assignments and functions for
GE F-30 robot controller (Taken from F-50 process robot
OFERATOR®S MANUAL [1351)
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Table 1. Input'Siqna1,955iQQMéhfszéhd Tunctions

ey - — —TTTreaTt
Connec- | Signal | Function { 170 Resis- | (RY{F)
tor Pin{ Name : | ter Assign-{Signal
No. : .| ment No. Name
~ 85 | Input O |:I) T an anut signal has been 1927000 R10
1 : signa\ | taught, the robot will wait unti}
| 8T ; 1 lan external'signal appears at the 1937001 | Ril
.. . lcorresponding input contacts before
BU. oon 2 | conmencing its move. 1947002 Ri2Z |
o o [2) If the OUT switch on the Teach |
BY | " 3 [Box (DT) {s set to OFF during 1% 7003 R13
L ‘playback, it 1s possible to cause |
BW " 4 | the robot, which is still wafting 1967004 RT4
| | “for an 1nput signal, to operate by .
BY | 5 | pressing the START button (J0), [ 1977005 RIS
By [ " 6 "~ [T 1987006 | Rib
L1 A 1997007 | Ri7
€D | Enter 200 [ 1) These signals are referred =~ [ 200 - R{1I0
oo Ito by the job instruction .
C€e | " 201 | ENTER ‘during job teaching. 20, R
CF " 202 | *Input signals 0 -- 7 may : 202 - R11Z
el 1 be designated 1n both - g
| CH | ™ 203 | program teaching and job [ 203 RI1I3
| | | teaching. Care should be |
Cd- | " 204 | -exercised programming them, 208 RT1%
| however, when assigning :
(| ™ 205 | eéxternal signals. I 206 RTI5
CL 06 | : 200 Rilb
4 w200 207 R17
[ Job [T} These are job select external 2086 | Ri20 .
_|select 20 |signals (JOBL - JOBI1S). | |
¢ " "12) Job teaching of the CALL 209 RT21
=21 Tinstruction is made. ,When it is | |
cT " | executed, operation of the 210 Ri22
|22 |selected (input) Job No. 1s R
cu L 3 ~performed. 211 RTZ3~ |
2 - |
G | Zero-point | I) This signal 1s valid only when 212 R124
- | adjustment | MODE X is designated, .
signal 2) This signal also functions as
(option) | servo ON external command signal,
Zero-point adjustment operation
[ starts when this signal (pulse
|'signal of 200ms or longer) is
| deactivated after activation, and
" | playback is imnediately permitted
when 2ero-point adjustment is
completed
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Table 1. Input Signal Assignments and Functions (Cont.)
' B | | | | Clrcuit -
| Connec- Signal Function 1/0 Resis- |(RY{F)

tor Pin Name ter Assign-|Signal
No., ment No. Name
A/ Output O |I)J If these signals are {6/8 Ro0 A/B~
| signal taught, a signal that corres-
B/J L I | ponds to any one of them is 1779 Rol A78-
1 is produced on completion of
C/K " ~ 2 |positioning during playback 18710 LeYRLYA
operation. An external :
[ O/M i "3 |unit is enabled. — 19711 |WoJ A/8 |
I R 2) If playback operation is
~E/N " 4 | performed with the OUT ON | 20712 Rod A/B
N switch (on the Operation '
F/P % 8§ |Panel) set in the OFF ~21/13 Ro5 A/8 .|
.| tposition, operation of the |
R/X "y O 6 | robot may be checked without 2214 Rob A/B
| _ producing taught output :
S/Y | ." 7 | signals (without causing 23715 Ro7 A/B
- external units to operate). ‘
This function is invalid '
L when job teaching is done. |
[O0ut 24 |[I) These signals may be used - 24 Ro{0 A/B
: | as exterfor output signals
" 2% | using the OUT button. If 25 Roll A/B
| Job teaching specifies OUT | _ -
v 26 |24, for instance, an output 26 Rol2 A/8
signal occurs between con- i ]
L 27 | nector pins V and AC 27 Roll A/8B
during playback operation. . -
L 28 | *Job teaching of output 28 ‘Rol4 A/8
| signals 0-7 may also be I
M 29 d?ne.0 %f1%0b teaching speci-. 29 ‘Rol5 A/8
fies OU for instance. - | 1 -
" 30| an output signal occurs - 30 TRol6 A/B
between pins A and H . e 4. ]
L 31 | Therefore, care should be 31 Rol? A/B
exercised in assigning
= these signals, ;ﬂ;, |
AX/8B | In I) This signal is produced while the 240 Ro20 A/B

, automatic start indicator lamp on the operation

| operation [panel is lit. _
AY/BC | Abnormal T) When a fault signal (arc breakage, | 241 ReZT A/B
welding ‘torch contact, etc.) is input from |
‘the welder, thevrobot stops in sarvo
| | ON 'state, Restart may be made when
o | the cause for the fault is aliminated. »
BF7BA | Emergency "TT'Thls signal indicates that the e RoZd A/
Stop ‘robot is in an Emergency Stop stale.
| The contact of this signal is
normally closed. |
2) Restart cannot be made even when the
rause for energency stop is eliminated, |




Table 2. Output Signal Assignments and Functions

)

OUTPUT

INTERNAL
NAME

PROGRAM
ASSIGHMENT #

JOB USE

CONNECTOR
PIN NUMBER

|

| | R00 A/B-
. f* Rol A/8

Ro2 A/B
Ro3 A/B
Ro4 A/8
Ro5 A/B
Rob6 A/B
Ro7 A/B
Rol0 A/B
Roll A/B
Rol2 A/B
Rol3 A/8

Rol4 A/B ,

Rol5 A/8
Rolb A/B

Rol? A/B

on
L4

X > DK > D D D B N

TETEE
0ouT 17
our 18
ouT 19
ouT 20

ouT 21
ouT 22

ouT 23

ouT 24

OUT 25
ouT 26
ouT 27
OuT 28
ouT 29
ouT 30
ouT 31

AN

B/J
C/K
D/M
E/N
F/P
R/X
S/Y
V/AC
¥/AD
AE/AM
AF /AN
AK/AT
AL/AU
AV/AZ
AW/BA
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Table 3. 1I/0 Interface Connections
F-50 USER INFUTS
/ - — [Clreult
Connec- Signal Function 1/0 Resis- | (RYIF)
tor Pin Name ter Assign-| Signal
No. ' - lment No. |MName
1 O [ Zero-point xercise care Incorporating this 212 Ri 24
(cont.) | adjustment | signal as the zero-point adjustment
- signal operation is immediately discontinued
(option) when this signal {s activated, If
| 2ero-pcint adjustment operation has
} already been completed, this signal
: 1s ignored and no operation 1s )
S performed. | I o
X Servo OFF 1) This is an external serve OFF 213 R{25
signal command signal,
2) Regardless of the mode, this
signal {s accepted and the motor
main circuit is cut off. I L
' CY [ External ) Automatic start signal (external) | 214 ~R{26
start for the robot which is valid only
_ s {gnal when Mode X 1s designated. |
Cl External 1) This ig-a tempordary {external) 215 R1Z27T
stop stop signal to the robot during
signal playback operation,
2) The robot stops in servo ON
: state. Restart may be made.
cv External 1) Emergency Stop command signal --- EMG3
(user) (normally closed contact) from
Emergency | user-supplied external safety .
Stop - interlocks or Emergency Stop
signal buttons,
R 2) Terminals CV and DB of the
attached connector are shorted
prior to shipment. Remove the
wire used for the shorting, and
connect and Emergency Stop switch
| between these two terminals.-

o T
)

1




Table

r
-

1/0 Interface Connections (Cont.)

F-50 USER OUTFUTS

| neut

INTERNAL
NAME

PROGRAM

ASSIGNMENT #

JOB USE

CONNECTOR
PIN NUMBER

W DN BN O

h & w N - O

RIO
R1l
R12
Ri3
R14
R15
Ri6

R{i10
Rill
Ril2
Ril3
Rild
Ri15
Rilb
Ril7

DM P > D X X X X N OO ;b w - O

ENTER
ENTER
ENTER

ENTER.
ENTER
ENTER

ENTER

ENTER

ENTER

ENTER
ENTER

ENTER

ENTER
ENTER

ENTER

ENTER

0 (or
1 (or
2 (or

3 (or
4 (or
5 (or
6 (or
7 (or

200
201

202

204

205

206
207

192)

193) |
194) |
195) |
196) |
197y |
198) |
199)

BS
BT
BU
Y
BH
BX
W
, B2
co
CF
CH
cJ
cK
cL
CM

—
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