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1. 

ELECTRONIC DATA ENTRY AND ANALYSS 
SYSTEM 

FIELD OF THE INVENTION 

The present invention relates to the field of data entry and 
analysis, and more particularly, to an apparatus and method 
employed on a production line for the automatic entry of 
data and for the further processing of said data. 

BACKGROUND OF THE INVENTION 

In today's manufacturing environment, monitoring a pro 
duction process and collecting statistical information on the 
status of the production process is considered essential in 
achieving world class quality standards. 

Usually, in order to register a defect occurring in a 
workpiece, an operator fills out a tally sheet where a brief 
written identification of each occurred defect should be 
included. At the end of a shift, a quality engineer enters data 
taken from all tally sheets into a computer system for 
computation and graphing in order to analyze the entered 
data and to undertake needed corrective actions. 

Unfortunately, many manufacturing companies may find 
little benefit from data thus collected. Sometimes, the vague 
nature of the data collected does not provide causal clues, 
and the difficulty in collecting the data slows down the 
production process itself and leads to both errors in the data 
content and decreases productivity effectiveness. 

Contemporary data collectors like, for example, Genesis 
models QA3000/QA8300, are intended, among many other 
functions, for structuring a data-base on the basis of user 
defined identifiers of the defect occurred, such as model, 
serial number, location of the defect, severity, disposition 
and so on. The Genesis collectors accept inspection input 
from keyboard, bar code wand, cases scanner, CCD wand 
and/or voice recognition circuits. However, these collectors 
are expensive, and sometimes provide much more functions 
than the manufacturing company either expects or wants. 

Therefore, it would be highly desirable to devise an 
easy-to-use and inexpensive system for data entry and 
analysis which would provide in-depth readily-useable 
information on the status of the production process without 
slowing the production process itself. 

SUMMARY OF THE INVENTION 
In an attempt to overcome the disadvantages of the prior 

art, the present invention uses an electronic system and 
method for data entry and analysis, which bridges the gap 
between the need for complete inspection information and 
the reality of amassing data in the production environment. 

This is achieved by employment of a unique, easy-to-use, 
and extremely inexpensive apparatus for entering data, com 
pletely identifying the defect, wherein tallying, checking or 
written description are not required, in combination with 
real-time computer based data evaluation, such that effective 
corrective actions can be undertaken immediately. 

It is, therefore, an object of the present invention to 
provide an electronic system for entering data completely 
describing the defect occurring in the workpiece in combi 
nation with means for further processing said data in order 
to effectively monitor the production process. 

It is another object of the present invention to provide an 
apparatus and method for entering data relating to location 
and nature of the defect occurring in the workpiece. 
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2 
It is still another object of the present invention to provide 

an electronic system for entering data relating to an attribute 
of an object, and further processing said data. 
The present invention finds particular utility if installed on 

a work station on a production line in order to monitor a 
production process. 

In accordance with the teachings of the present invention, 
a system for entering and analysis of data relating to a defect 
occurring in a workpiece includes a data entry means for 
displaying a pictorial image of the workpiece and for 
providing a plurality of first and second indicia, respectively. 
A defect is identified by its position in the workpiece and by 
a type-of-error. Each of the first indicia identifies the posi 
tion of the defect in the Workpiece, and each of the second 
indicia identifies the type-of-error in the workpiece. In the 
preferred embodiment, the data entry means includes a front 
screen, a sketch board and a keyboard disposed behind the 
sketchboard and providing a controlling means and first and 
second keys corresponding to first and second indicia. 
Once data relating to the defect are entered by activating 

one of the first indicia in combination with one of the second 
indicia, the controlling means provides delivering of said 
data (in real-time and/or periodically) to a processing means, 
including a computer, for collecting, processing, and out 
putting said data to the computer display or printer. Data are 
also displayed on a display, which can be implemented as a 
stand-alone display or as a display integral with the data 
entry means. 
The present invention also finds utility as a system for 

entry and analysis data relating to any attribute of any object. 
A data entry means displays a pictorial image of the 

object, and provides a plurality of first indicia thereon in 
juxtaposition to the pictorial image of the object or located 
directly on it), each first indicia for identifying a position of 
the attribute of the object. The data entry means also 
provides at least one group of second indicia, each second 
indicia for identifying a required characteristic of the 
attribute of the object. The data identifying the attribute are 
entered in the system when one of the first indicia in 
combination with at least one of the second indicia are 
activated. 

The present invention also may find application as an 
apparatus for entering and analysis of one data associated 
with an object. 
These and other objects of the present invention will 

become apparent from a reading of the following specifica 
tion taken in conjunction with the enclosed drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a pictorial view of a preferred embodiment of the 
present invention installed on a production line. 

FIG. 2 is a perspective view of the data entry means of the 
present invention. 

FIG. 3 is a perspective exploded view of the data entry 
means of the present invention. 

FIG. 4 is a perspective exploded view of the data entry 
means including a plurality of sketch boards, each sketch 
board for a particular workpiece. 

FIGS. 5 and 6 are top plan views of two alternative 
dispositions of indicia, respectively. 
FIG.7 is a schematic block diagram of the present system. 
FIG. 8 is an electrical wiring diagram of the circuit 

disposed on a PCB within the data entry means. 
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FIGS. 9A-9I are flowcharts of the PADD program. 
FIGS. 9J-9K are flowcharts of interrupt service used in 

PADD program. 
FIGS. 10A-10D are flowcharts of the PAD8 program. 
FIGS. 11A, 11B, 11C and 11D are flowcharts of the 

MULTIP& MULTINP programs. 
FIG. 12 is an example of the defect matrix form. 
FIG. 13 is a change-position-or-error form. 
FIGS. 14A, 14B, 14C and 14D are flowcharts of the 10 

MATRIXP& MATRIXP programs. 
FIG. 15A and 15B are examples of a printout from 

MATRXP or MULTIP 
FIG. 16 is a flowchart of CHANGE&P program. 
FIG. 17 is a flowchart of PRTDSCHR.WQ2. 
FIG. 18 is a Pareto chart of all defect positions regardless 

of type-of-error. 
FIG. 19 is a Pareto chart of all defect types-of-errors 

regardless of defect positions. 20 
FIG. 20 is a Pareto chart of the ten most numerous defects. 
FIG. 21 is a perspective view of one of the modifications 

of data entry means, according to the present invention. 
FIG. 22 is a perspective view of another modification of 25 

data entry means, according to the present invention. 
FIG. 23 is a printout of the LATESTDAT file. 
FIGS. 24A, B, C are printout of the BACKUPDAT, 

BACKUPOLD, and BACKUPBAK files. 
FIG. 25 is a data file PANDEDAT. 30 
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DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIGS. 1-3, data entry means 1 of the present 35 
invention are installed on work stations 2 of a production 
line 3. Each operator 4 inspects a workpiece 5. A pictorial 
image 6 of the workpiece 5 is displayed on the data entry 
means 1. When the operator 4 finds a defect 7 in the 
workpiece 5, he (or she) touches (or presses) one of indicia 
8, related to a position of the defect 7 in the workpiece 5, and 
one of indicia 9 related to a type-of-error. 

It will be appreciated that there are a plurality of possible 
defect positions in the workpiece, and that there are different 
types-of-errors which may occur in the workpiece. Avail 
ability of a plurality of indicia 8 and a plurality of indicia 9 
allow the operator 4 to register significant combinations of 
information, thereby covering practically any defect situa 
tion by a simple pushing (or touching) of the position indicia 
8 in combination with the type-of-error indicia 9. 

Being entered, the data are processed by a processing 
means 10. The processing means 10 includes a computer 11 
operated by software 12. A central computer 13 can be used, 
if desired. The computer 11 can be any commonly available 55 
personal computer ("PC"), preferably with a computer dis 
play 14, to perform analytical and data transmissions func 
tions and to display the collected data. 
The software 12 executes four basic functions: (1) dis 

plays the data transmitted from the data entry means 1 in a 60 
matrix format on the computer display 14 as it is received; 
(2) provides a simple histogram of accumulated defects for 
all positions and the histogram for all types-of-errors; (3) 
writes the data in a file for transfer to other programs and/or 
computers or writes the data directly to another computer; 65 
and (4), if a printer is connected, prints the entire defect 
matrix as well as the ten (10) most numerous defects 
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4 
arranged sequentially. In addition, the software 12 may 
allow the user to configure multiple data entry means 1 in a 
different communication network, as well as provide mean 
ingful labels to the various locations and types-of-errors 
related to defect 7. 
Each data entry means 1 also may be implemented with 

a display 15, which may be a stand-alone display or may be 
integral with the data entry means 1. 
By having the knowledge of position and nature of the 

defect 7, the quality engineer can determine wherein the 
process and by what means the defect 7 was created. 
Rapidly, corrective action can take place, and the effects can 
be learned in a real-time fashion as the data can be accessed 
anytime during or after the production process, and the 
information is available immediately on the computer dis 
play 14. 
The data entry means 1, as shown in FIGS. 2, 3 and 4, is 

a device for automatic entry of data, and actually provides 
a structural electronic alternative to a tally sheet. 

In one embodiment, the data entry means 1 is an approxi 
mate 12"X18" tablet, which consists of a front screen 16, a 
sketch board 17 disposed behind the front screen 16 and a 
key board 18 behind the sketch board 17. The data entry 
means 1 provides multiple position indicia 8 (in the present 
embodiment, twenty) for identification of locations of the 
defects in the workpiece5, and multiple type-of-errorindicia 
9 (in the present embodiment, ten). The indicia 8, 9 may be 
implemented as buttons to be pressed or as tactile mem 
branes to be touched. Their disposition on the front screen 16 
can be different, for example, as shown in FIGS. 5 and 6. 
Also, the indicia 8 can be disposed directly on the pictorial 
image 6. 
The sketch board 17 is a pre-printed die cut paper sheet. 

On this sheet a manufacturing manager will dispose a 
pictorial image 6 of the workpiece 5 or a portion thereof, and 
also a description of the workpiece 5 with illustrations, 
photos, etc. In addition, each type-of-error possible for the 
workpiece 5 can be described in the numbered column 19 
close to the right side 20 of the sketch board 17. The sketch 
board 17 has a plurality of apertures 21 corresponding to 
position indicia 8 and a plurality of apertures 22 correspond 
ing to type-of-error indicia 9. Each aperture 21 can be 
connected by a reference line 23 to the area 24 of possible 
location of the defect 7. The apertures 21 are disposed along 
the perimeter 25 of the sketch board 17. However, if the 
indicia 8 are disposed directly on the pictorial image 6, each 
of indicia 8 on the respective area 24, the apertures 21 will 
be disposed in precise registration with said indicia 8. 
The front screen 16 has a transparent portion 26, through 

which the sketch board with all sketched thereon informa 
tion is displayed. The front screen 16 has also a plurality of 
apertures 27 and 28, respective to the apertures 21 and 22. 
Apertures 21, 27 and position indicia 8 are in precise 
registration with each other, as well as the apertures 22, 28 
and type-of-error indicia 9. 
The data entry means 1 may include a plurality of sketch 

boards 17, each for a particular workpiece 5. The sketch 
boards 17 will accompany the data entry means 1 in a 
tear-off pad arrangement 29 (FIG. 4) to be removably 
interchangeable. Each sketch board 17 will include a 
detailed pictorial description including the pictorial image 6 
of each particular workpieces 5, and also a numbered 
column of types-of-errors possible for this particular work 
piece 5. 

Supporting the die-cut sketch board 17 is some sort of 
light-weight, inexpensive backing support board 30, which 
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provides apertures 31 corresponding to apertures 21, 27 and 
indicia 8, and apertures 32 corresponding to apertures 22, 28 
and indicia 9, and being in precise registration with the 
corresponding apertures and the indicia. 
The keyboard 18 is disposed behind the support board 30 

and contains 20 position keys 33 and 10 type-of-error keys 
34. Keys 33 and 34 each includes a contact portion35, such 
that the contact portions 35 of keys 33 are protruded through 
the apertures 21, 2731, and the contact portions 35 of the 
keys 34 are protruded through the apertures 22, 28, 36, 
respectively. 
The contact portions 35 may be implemented as buttons 

to be pressed, or as a tactile membranes to be touched by 
fingers or by a probe, thus activating the respective keys 33, 
34. It will be appreciated by those skilled in the art that many 
other implementations are also allowable, for example, the 
keys 33, 34 can be activated by laser means, or by another 
means providing a focused beam. 
The keyboard 18 may be a single Printed Circuit Board 

(PCB) 36, or a combination of PCBs hard-wired together. 
The PCB 36 includes an electronic circuitry 37. 

Assembled together, the front screen 16, the sketch board 
17, the keyboard 18 and the support board 30 are fastened 
together by means well known by those skilled in the art, 
such that to provide protrusion of each contact members 35 
through the respective apertures. 

Referring to FIGS. 7, 8 the electronic circuitry 37, which 
implements the data entry means 1, includes a micro 
controller 38, disposed on the PCB 36, and central to the 
operation of the system. The micro-controller 38 is con 
nected directly to the array of switches 39 by means of rows 
and columns of switches 39 connected to two 8-bit parallel 
ports 40, 41 of the microcontroller38, respectively. Switches 
39 correspond to respective keys 33, 34 and are energized 
when the respective keys 33,34 are activated. Port 40 drives 
6 rows of the switches 39 through steering diodes 42. The 
remaining two pins of the port 40 are used for the light 
emitting diode (LED) 43, which serves as a visual feed-back 
means, and for the audible feed-back means 44. The LED 43 
lights when the first key (33 or 34) of the possible pair of 
keys 33 and 34, is pressed, touched or somehow else is 
activated. The LED 43 extinguishes when the second key of 
this pair of keys (33 and 34) is activated. 
The audible means 44 beeps a long beep for the defect 

position key 33, and a shortbeep for the defect type-of-error 
key 34. The LED 43 alerts the operator 4 that the first key 
of the pair of keys (33, 34) has been activated, and that the 
second key needs to be activated to complete the defect 7 
indication. The audible beep is supplemental feedback that 
informs the operator 4 that his (or her) intentions have been 
registered. 
The operator must press both a defect position key 33 and 

a defect type-of-error key 34 to register one defect 7. The 
sequence (position-then-type-of-error or type-of-error-then 
position) is unimportant, although the operator is encour 
aged to establish a habit of one sequence or the other. 

If the operator presses a key (33 or 34) incorrectly for the 
first key, there is a way to correct it. Simply press the same 
first key or the correct key (of the same kind, i.e. position or 
type-of-error) to clear the LED 43. Then press the correct 
key of the same kind and the LED 43 will illuminate again. 
To correct an error in the second key, the operator must 

report the error to the production line manager, and the 
manager will remove that incorrect defect report from the 
tally displayed on the computer 11. 

Port 41 is used to read 5 columns of switches 39. The 
remaining three pins are used to control the stand-alone 
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6 
display 15. The microcontroller 38 delivers data to the 
display 15 through port 45. All communication to the 
stand-alone display 15 are accomplished via the display 
connector 46. Any technology of display 15 can be used; 
however, for this particular system two types, a vacuum 
fluorescent display and a liquid crystal display, have been 
chosen. One signal (DB25-3) is used by the microcontroller 
38 to distinguish between these two types of displays 15. 
This signal is hard-wired to either ground or +5 Volts to 
indicate the type of the display 15. 
The microcontroller 38 uses the driver/receiver 47 to 

communicate with the computer 11, and, particularly, to 
deliver entered data to the computer 11. The driver/receiver 
47 can be any means of communication; however, in the this 
implementation is either RS-232C or Frequency Shift Key 
ing ("FSK") for the PCB 36. The communication of the 
microcontroller passes through a communication connector 
48, preferably a DB-9 connector. 
The electronic circuitry 37 on the PCB 36 is fed by a 

power supply 49. Raw power enters the PCB 36 by means 
of a power connector 50. It is then rectified by a bridge 
rectifier 51, and conditioned and regulated by power regu 
lating and conditioning means 52. 
The embodiments of the invention, described herein by 

figures and by flowcharts, record defects as the coincidence 
of two different attributes corresponding to two different 
kinds of indicia. In this case, the attribute and indicia of the 
first kind represent the defect position on the workpiece. The 
attribute and indicia of the second kind represent the defect 
type-of-error on the workpiece. The data being recorded is 
a defect specified by a position and a type-of-error. How 
ever, it could be any kind of data, not necessarily a defect, 
specified by any number of attributes, not necessarily two. 
Furthermore, a given attribute may have any number of 
instances, and may relate to any object. 

In the examples described herein, the instances of the 
attribute and indicia of the first kind (indicia 8) number 
twenty, and have the following names: FADE/BASS/ 
TREBLE region, BAL/VOL/SEL region, SEEK button, 
AM/FM button, upper central region, upper right region, 1 
button, 2 button, 3 button, 4 button, 5 button, lower right 
region, lower central region, SET button, lower left region, 
BASS/TREBLE graphic & plastic, FADE graphic & plastic, 
VOL/POWER graphic, SEL/PUSH graphic, and BAL/L/R 
graphic. 
The instances of the attribute and indicia of the second 

kind (indicia 9) number ten, and have the following names: 
trash in paint, bad graphic, broken pin/USDB, scratch, off 
location graphic, short, light leak, button failure, broken 
leg/bad optic, and poor heat stake/long gate. In this case, the 
third instance of the indicia of the second kind, broken 
pin/USDB, combines two types-of-errors, namely a broken 
pin and an up-side-down button, that can never occur 
together in the same position, being mutually exclusive so 
far as the attribute and indicia of the first kind is concerned. 
Thus, in combination with the attribute and indicia of the 
first kind, namely the position (indicia 8), the type-of-error 
can be uniquely determined. This method of combining 
mutually exclusive instances is valuable when more 
instances exist than buttons are available on the data entry 
means. Other occurrences of mutually exclusive instances, 
in this example, are broken leg/bad optic and poor heat 
stake/long gate. 
The three embodiments of the invention serve different 

requirements. The first requirement is that of a single data 
entry means which accumulates data throughout an entire 
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shift or throughout an entire day. At the end of that shift, or 
day, a computer 11 is connected, and the data is uploaded 
from the data entry means 1 to the computer 11. The data can 
be examined, printed, analyzed, and plotted. Then the com 
puter 11 is turned-off (to await the conclusion of another day 
or another shift), or perhaps taken to another production line 
for the uploading of more data of a different type (this 
requires either that the personal computer program be 
restarted or that the RESET PAD button on the computer 
screen be activated to clear the defect matrix), or taken to 
another production line for the uploading of more data of the 
same (in which case this new data is accumulated onto the 
existing defect matrix). The entire process begins again at 
the commencement of the next shift or next day. Data 
printing, analysis and plotting are accomplished, in this case, 
with the spreadsheet PRTDSCHR.WQ2, designed to operate 
with the commercial spreadsheet package Quattro() Pro 
(registered trademark of Borland International, Inc.). 
The first embodiment uses the program PAD8 in the 

microcontroller, and eitherMATRIXP or MATRIXNP in the 
personal computer (for computers connected to printers or 
not connected to printers, respectively). 
The second requirement is that of multiple data entry 

means 1 continuously connected to a computer 11. The 
computer 11 is used to continuously display defect data in 
real-time. At the end of a shift, the OUTPUT button on the 
computer display 14 is activated with the mouse (or alter 
natively by the computer keyboard 55), and the data files are 
written. Then those files are either transferred to another 
computer for off-line processing so as not to interrupt or 
delay the next shift, or if processing is speedy then process 
ing can be accomplished immediately after the files are 
written and just before the next shift begins. This processing 
is, as before, data printing, analysis and plotting with the 
spreadsheet PRTDSCHR.WQ2, designed to operate with the 
commercial spreadsheet package Quattro() Pro. 

This second embodiment uses the program PADD in the 
microcontroller 38, and either MULTIP or MULTINP in the 
personal computer 11 (for computers connected to printers 
or not connected to printers, respectively). 
The third embodiment of the invention uses a display 15 

(stand-alone or integral), and never needs to be connected to 
a computer 11. In this case, the display 15 can be any of 
several types, including, but not limited to, Liquid Crystal 
Display (LCD), Vacuum Fluorescent (V/F) display, Field 
Emission Device display, Light Emitting Diode display, 
Cathode Ray Tube display, and Plasma Discharge display. 
Program PADD incorporates code to sense one of two 
particular displays (one is an LCD; the other is a V/F 
display), determine the four defects with the greatest counts, 
and display those four most numerous defects. Realizations 
of the invention with stand-alone Orintegral display 15 need 
not make use of data processing. 
A fourth embodiment, not described by flowcharts or 

figures herein, would incorporate the features of PAD8 and 
PADD into a single microcontroller program, and incorpo 
rate the features of MATRIXP and MULTIP, or MATRIXNP 
and MULTINP, into a single personal computer program. 
This personal computer program would appear much the 
same as MULTIP or MULTINP, but would include an 
additional button on the same screen that includes the 
RESET PAD button. This button would be named 
UPLOAD, and would cause a command to be sent from the 
computer 11 to each of the data entry means 1. This 
command would cause each data entry means 1 to send its 
defect data back to the computer 11. 
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Thus, the battery back-up feature of the microcontroller 

38 would be put to good use, allowing recovery from a 
manufacturing plant-wide power failure. In this case, the 
computer operator would, after initiation of the personal 
computer program, activate the SETUP button to display the 
screen that exhibits the RESETPAD and UPLOAD buttons. 
Then they would activate the UPLOAD button. Then all 
defect data from all the data entry means 1 connected to the 
computer 11 would be accumulated in the defect matrix on 
the DefectMatrix screen, effecting a complete recovery from 
the power failure. 
The procedure to begin a new shift would be slightly 

different. Upon initiating the personal computer program, 
the operator would have to activate the RESET PAD button 
in order to clear the defect matrix in the memory of the 
microcontroller. Otherwise, in the event of a future 
UPLOAD, the defect matrix would be contaminated by data 
from earlier shifts. 

Data processing is the same as for the first two embodi 
ments described above. 
The microcontroller38 uses the PADD program inside the 

data entry means 1 to communicate with the computer 11 
and the computer display 14 continually, and also to deliver 
data to the display 15 (stand-alone or integral) continually. 
Referring to FIGS. 9A-9K and Appendix A, PADD consists 
of an outer loop that begins by initializing pertinent regis 
ters, variables, and workspaces. Then each row of the 
switches 39 is interrogated. After the last row is interrogated, 
determination is made of the state of a flag called the reset 
flag. If the reset flag is set, the process begins again with 
initialization. Otherwise, if the reset flag is not set, the 
process begins again with the reading of the next row of 
switches 39. 
The subroutine, which reads a row of switches 39, begins 

by initializing necessary variables, registers, and work 
spaces. Next, a time delay is introduced to slow the rate of 
scan of the array of switches 39. Then the switches 39 within 
the given row are read. 
A determination is made of whether any switch 39 is 

active. If none is active, then a sequence of Zeroes are 
written into memory for each column of this row. If some 
column is active, then the program proceeds to determine 
which column is active. As each column is examined, a Zero 
or a one is written into memory for that column. 
Then the recent history of column one is examined for a 

condition that indicates a valid key (33, 34) press. If column 
one has a valid key (33, 34) press, then the program 
initializes timer 0. Otherwise, the recent history of column 
two is examined for a valid key (33,34) press, and so forth 
through column 5. 

If no valid key (33, 34) presses are detected, then the 
subroutine returns. If a valid key (33, 34) press is detected, 
then timer 0 is initialized, the timing loop counter is initial 
ized, and a determination is made of the necessity of a 
double-length beep. If a double-length beep is required 
(because the key pressed was a defect position key 33) then 
the timing loop counter is doubled. 

Next, the beeper is turned on. Then timer 0 interrupts are 
enabled. The LED 43 is toggled. The previous key pressed 
is stored in memory as the "2nd previous key”. The present 
key press is stored as the "previous key”. 

Next, a determination is made of whether the "previous 
key' and the "2nd previous key” constitute a legitimate key 
press pair, i.e. a combination of a defect position key 33 and 
a defect type-of-error key 34 or a combination of a defect 
type-of-error key 34 and a defect position key 33. If the pair 
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is legitimate, then a determination is made of the state of the 
LED 43. If the LED 43 is not turned on, then the program 
goes on to update the defect matrix in memory. If the LED 
43 is off, the program saves the row flag of the previous key, 
and returns. If the pair of key (33, 34) presses is not 
legitimate, the program saves the row flag of the previous 
key, and returns. The row flag is set in one state for defect 
type-of-error keys 34, and in another state for defect position 
keys 33. 
The update of the defect matrix begins with an inspection 

of the "2nd previous key'. If it equals the initial value it 
means that only one key has been pressed since the data 
entry means 1 has been turned on, and no further action is 
required other than returning from this subroutine. 
Then a determination is made of whether the "2nd pre 

vious key” was a defect position key 33 or a defect type 
of-error key 34. If it was a defect position key 33, then the 
previous key was a type-of-error key 34, and the pair are 
processed appropriately to produce a defect type-of-error 
number (from 1 to 10) and a defect position number (from 
1 to 20), corresponding to A to T. 

If the "2nd previous key” was a defect type-of-error key 
34, then the previous key was a defect position key 33, and 
the pair are processed appropriately to produce a defect 
type-of-error number and a defect position number. 

Next, the unique defect number is computed. 
A determination is made to see if the serial transmitter is 

occupied with the chore of transmitting a defect character 

0 

15 

20 

25 

received from another data entry means 1 or a reset character 
or other command character received from the computer 11. 
In this case, the pass-through transmission flag is set. If not, 
then the defect transmission flag is set in order to claim the 
resources of the serial transmitter. Then the defect character 
is transmitted. The data pointer is advanced to the appro 
priate memory cell, and the data in this memory cell is 
incremented by 1 count. 

If the pass-through transmission flag is set, then the 
program loops back to test it again until it becomes inactive. 

After the defect character is transmitted, and the defect 
matrix is incremented, the program searches the defect 
matrix for the biggest defect. This defect and its location, or 
defect number, is recorded. Then the defect count is replaced 
with Zero. 

Next the second biggest defect is found. Likewise, it and 
its location are recorded, and it is replaced with Zero. 
The third and fourth biggest defects are found. 
Now the display 15 is initialized by sending the cursor to 

the home position, and the display 15 is cleared. 
The biggest defect is decoded and then displayed on the 

display 15. 
The decoding subroutine breaks the defect location into a 

position number and a type-of-error number. It begins by 
saving the defect location to work registers. Then other 
registers are initialized. Now a loop begins with the incre 
menting of the defect type-of-error. If it is greater than 10, 
it is reset to 0 and the position number is incremented. The 
loop counter work registeris decremented, tested for zero, in 
which case the subroutine returns, otherwise the loop begins 
again. 
The display subroutine begins by obtaining the position 

number, and then displaying it. Next it obtains the defect 
type-of-error number and determines whether it is less than 
9. If it is, then it is displayed along with two spaces. If not, 
then 10 is displayed followed by a single space. 
Next is the entry point to display a defect count. It begins 

by obtaining the count, initializing the display registers and 
resetting the leading Zero flag. 
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Then if the count is zero, two spaces are displayed before 

displaying the 0. If it is not zero, then the least significant 
digit character is incremented. If this is not greater than the 
9 character, then the work register is decremented and tested 
for zero. If it has not been reduced to zero, then the loop 
begins again with the incrementing of the least significant 
digit character. 

If this characteris great than the 9 character, then it is reset 
to the 0 character and the middle digit character is incre 
mented. If this character is not greater than the 9 character, 
then the work register is decremented and tested for zero, as 
above. If the middle digit character is greater that the 9 
character, it is reset to the 0 character and the most signifi 
cant digit characteris incremented. Then the work register is 
decremented and tested for Zero, as above. 
When the work register is reduced to zero, the most 

significant digit character is tested for the 0 character. If it is 
the 0 character, then the character to be displayed is set to the 
space character and the leading zero flag is set and the space 
character is displayed. If the most significant digit character 
is not the 0 character, then it is displayed. 
Next the middle digit character is tested for the 0 char 

acter. If it is not, then it is the character to be displayed, 
otherwise the leading zero flag is tested. If it is set, then the 
character to be displayed is set to the space character. If it is 
not set, then the character to be displayed is set to the 0 
character. The character is displayed. 

Finally, the least significant digit character is displayed, 
and the display subroutine ends with a return. 
The serial interrupt service routine begins by saving the 

accumulator onto the stack. 
Then a determination is made about the serial transmitter 

interrupt flag. If it is set, then this is a serial transmitter 
interrupt, and the serial transmitter interrupt flag is cleared. 
Then the serial pass-through flag is tested. If it is set, then it 
is cleared, and interrupt service moves on to test for serial 
receiver interrupt tests. Otherwise, if the serial pass-through 
flag was not set then the serial defect transmission flag is set, 
and interrupt service moves on to test for serial receiver 
interrupt tests. 
The serial interrupt flag is tested. If it is not set, then this 

is not a serial interrupt, and interrupt service terminates after 
the accumulator is reloaded from the stack. 

If the serial interrupt flag is set, then a character is read 
from the received serial data buffer. This character is tested 
for the special reset character. If it is the reset character, then 
the reset flag is set. If it is not, then the serial defect 
transmission flag is tested. 

If the serial transmission flag is set, then interrupt service 
jumps ahead to reload the accumulator and return from 
interrupt service. If the serial transmission flag is not set, 
then the serial pass-through transmission flag is set. The 
appropriate character is transmitted. The serial receiver 
interrupt flag is cleared, and finally the accumulator is 
reloaded before returning from interrupt service. 
Timer 0 interrupt service is executed only upon receipt of 

a timer 0 interrupt. These interrupts are generated internally 
by timer 0, the rate depending upon constants previously 
loaded when timer 0 was initialized. 

Interrupt service begins by decrementing the timing loop 
counter. If this counter is now zero, then the beeper is turned 
off, timer 0 interrupts are disabled, and interrupt service 
terminates with a return. Otherwise, if the timing loop 
counter is not zero, the program returns from interrupt 
service. 
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The microcontroller38 uses the PAD 8 program inside the 
data entry means 1 for implementations of the system of the 
present invention, that utilize the DUMP key 53 to output 
data to the computer 11 and to the computer display 14. This 
program also includes back-up procedures to protect the 
system against data loss from power failure. In this version, 
the DUMP key 53 is activated periodically for example at 
the end of the shift, and data are up-loaded into the computer 
11. It is possible, in other embodiments, to activate the 
communication from the data entry means 1 to the computer 
11 in other ways besides by pressing a DUMP key 53. If 
desired, activation by telephone modem 58 (shown in FIG.7) 
is possible. This telephone modem 58 connects directly to 
the computer 11, which upon receipt of appropriate com 
mands, queries the data entry means 1 for its data. Another 
possibility of initiating this communication has been dis 
cussed earlier in reference to the UPLOAD button in a 
personal computer program of the fourth embodiment of the 
present invention. 

Referring to FIGS. 10A, 10D and Appendix B, PAD8 
program consists of an outer loop that begins by initializing 
pertinent registers, variables, and workspaces. Then each 
row of the switches 39 is interrogated. After the last row is 
interrogated, the process begins again with initialization. 
The subroutine which reads a row of switches 39 begins 

by initializing necessary variables, registers, and work 
spaces. Next, a time delay is introduced to slow the rate of 
scan of the array of switches 39. Then the switches 39 within 
the given row are read. 
A determination is made of whether any switches 39 are 

active. If none are active, then a sequence of zeroes are 
written into memory for each column of this row. If some 
column is active, then the program proceeds to determine 
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which column is active. As each column is examined, a zero 
or a one is written into memory for that column. 
Then the recent history of column one is examined for a 

condition that indicates a valid key (33.34) press. If column 
one has a valid key press, then the program initializes timer 
0. Otherwise, the recent history of column two is examined 
for a valid key press, and so forth through column 5. 

If no valid key presses are detected, then the subroutine 
returns. If a valid key press is detected, then timer 0 is 
initialized, the timing loop counter is initialized, and a 
determination is made of the necessity of a double-length 
beep. If a double-length beep is required (because the key 
pressed was a position key as opposed to a type-of-error key) 
then the timing loop counter is doubled. 

Next the beeper is turned on. Then timer 0 interrupts are 
enabled. The LED 43 is toggled. The appropriate character, 
that represents the key pressed, is stored in memory. 
A determination is made of the key pressed. If it was not 

the DUMP key 53, then the subroutine returns. If it was the 
DUMP key 53, then the data pointer is initialized, and a 
character is loaded from memory. If this character is not the 
DUMP character, then it is transmitted out the serial port (to 
be captured by the computer 11 if it is present). Then some 
time delay is introduced to allow the computer to receive the 
transmission. Then a new character is loaded from memory. 
This loop continues until the DUMP character is loaded 
from memory. At this point, the data pointer is initialized, 
and the subroutine returns to them main loop of the program. 
Timer 0 interrupt service is executed only upon receipt of 

a timer 0 interrupt. These interrupts are generated internally 
by timer 0, the rate depending upon constants previously 
loaded when timer () was initialized. 

Interrupt service begins by decrementing the timing loop 
counter. If this counter is now zero, then the beeper is turned 
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off, timer 0 interrupts are disabled, and interrupt service 
terminates with a return. Otherwise, if the timing loop 
counter is not zero, the program returns from interrupt 
service. 
Two kinds of interrupt service are used in PADD (FIG. 

9J-9K), and one kind is used in PAD8 (FIG. 10B). 
Both use Timer 0 interrupt service, and PADD uses Serial 

Input/Output interrupt service. If Timer 0 and Serial Input/ 
Output interrupts are enabled, then they can interrupt the 
execution of PAD8 or PADD at any point of execution and 
at any time. 
Upon receipt of the interrupt, either because Timer 0 has 

Overflowed or because Serial Input data is available in the 
serial input buffer or because Serial Output data has finished 
shifting out of the shift register, PADD or PAD8 completes 
its currently executing instruction. Then the Program 
Counter is incremented to the next instruction. The Stack 
Pointeris incremented to the next memory location. The low 
byte of the Program Counter is stored at memory pointed to 
by the Stack Pointer. Then the Stack pointer is incremented 
again. Now the high byte of the Program Counter is stored 
in memory pointed to by the Stack Pointer. Now the Pro 
gram Counter is loaded with the starting address of the 
appropriate interrupts service routine and interrupt service 
COcCeS. 

At the conclusion of this interrupt service routine, the final 
instruction, RETI-return from interrupt, reverses the above 
procedure. First the high byte of the future value of the 
Program Counter is loaded from memory pointed to by the 
Stack Pointer. Next the Stack Pointer is decremented. Then 
the low byte of the future value of the Program Counter is 
loaded from memory pointed to by the Stack Pointer. Now 
the Stack Pointer is decremented again. Finally,the Program 
Counteris replaced with the future value, just retrieved from 
the Stack, and program execution continues where it left off 
before the interrupt. 

Timer 0 generates an interrupt when it overflows. It 
overflows when it increments to its limit from its initial 
count. It is set to some convenient value that generates a 
single length beep of acceptable length. A flag in the PAD8 
or PADD program, whose value depends of which type of 
key has been pressed (position or type-of-error), determines 
whether the beep is lengthened to a double-length beep. 

Referring to FIG. 11A, 11B, 11C, 11D and Appendixes C 
and D, MULTIP and MULTINP are printing and non 
printing versions of programs for systems of multiple data 
entry means 1 which execute the PADD program that require 
the computer 11 to be connected continually in order to 
provide data collection and data display in real-time. 
The displayed form is the same for both programs. 

MULTIP and MULTINP are event driven programs. 
Clicking the Position (row) label causes the Row Value 

displayed in the Row ValueTextbox to be tested. Values less 
than one (1) are set to one (1). Values greater than twenty 
(20) are set to twenty (20). Then execution returns to await 
another event. 

Clicking the Error (column) label causes the Column 
Value displayed in the Column Value Text box to be tested. 
Values less than one (1) are set to one (1). Values greater 
than ten (10) are set to ten (10). 

Clicking in the Row ValueTextbox or Column ValueText 
box allows keyboard 55 editing of those values. Subsequent 
clicking of the Increment button or Decrement button then 
adjusts the defect count specified by the Row Value and 
Column Value displayed in the defect matrix (shown in FIG. 
12). 
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Increment and Decrement, but especially Decrement, 
provide the computer operator (or the quality engineer) the 
means to correct the operator's 4 mistakes. 

Clicking the Output button activates the Output Date To 
File Click subroutine. First, an output file is opened. Its 
name reflects the date and time. For each row, defect data is 
written to file, then the sum of that row is written to file. 
After all twenty (20) rows are completed, the sums of each 
column are written to file along with the grand total. Finally 
the start and end times and dates are written to file. If the 
print flag is set, then PrinterOutput is called to output data 
to the printer 54. 

Clicking the Setup button hides the DefectMatrix form 
(FIG. 12) and shows the ChangePositionOrError form (FIG. 
13). 
The date and time are displayed in the date and time labels 

respectively. They are updated every second by the one (1) 
second timer (Timer 1). 

Clicking the Reload button saves current defect data and 
start time and date to BACKUPOLD, and reloads defect 
data, and start date and time from BACKUPDAT. This 
button, and BACKUPDAT, provide the means to recover 
from power failure, because BACKUPDAT is updated 
every time the defect matrix changes. In case the Reload 
button is activated unintentionally, BACKUPOLD provides 
the means to recover from such a mistake. This recovery is 
not automatic. The computer operator (or the quality engi 
neer) must copy BACKUPOLD to BACKUPDAT at the 
DOS command line prompt, execute MULTIP or MULTINP 
and click the Reload button. 

Clicking the Quit button ends the program and returns to 
the DOS prompt. 

Timer 1 invokes an interrupt every second. First the time 
and date labels are updated. Then, if serial data is available, 
a character is read from the input serial port. It is converted 
to a number. If this number is within the legitimate range, 
then the Row and Column for the defect are computed and 
the appropriate defect is incremented. Otherwise, Timer 2, 
the error message timer, is activated, ErrorPlag1 is set true, 
the ErrorMessage is set to "Error,” and a message box is 
displayed with the character and "Error”. Next, the reset flag 
is tested. If it is set, then label captions are set to their backup 
values (all zeroes), Row and Column are initialized to 
zeroes, backup data is written to BACKUPDAT, and the 
reset flag is reset to zero. 

Timer 2 is the error timer that lasts for four (4) seconds. 
It tests ErrorFlag1. If it is true then it is set false, the 
ErrorMessage is cleared, and future Timer interrupts are 
disabled. These actions turn off an error message, that had 
been turned on in the Timer 1 subroutine, after four (4) 
seconds. 

Timer 3 is activated once, one millisecond after initiation 
of the program. Its purpose is to set default and initial values. 
It is never executed again. 
Timer 4 interrupts every ten (10) seconds. It writes 

BACKUPDAT to BACKUPBAK as a safety precaution in 
case power should be lost while BACKUPDAT is being 
written by Increment-Click or Decrement-Click, for 
instance. 

The main defect matrix consisting of ten (10) columns 
and twenty (20) rows is displayed as one big label (FIG. 12). 
The twenty (20) sums to the right of the twenty (20) rows 

are the sums of defects for each row regardless of the 
type-of-error. They are incorporated into one label. 
The ten (10) sums below the defect matrix are the sums 

of defects for each column regardless of the defect position. 
They are incorporated into one label. 
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Finally, the grand total is a label below the twenty (20) 

sums regardless of type-of-error and right of the ten (10) 
sums regardless of positions. 

Referring to FIGS. 14A, 14B, 14C, 14D and Appendixes 
E and F, MATRIXP and MATRIXNP are printing and 
non-printing versions of programs for single data entry 
means 1 systems that require the computer 11 to be con 
nected only when data is dumped by pressing the DUMP key 
53 on the data entry means 1. 
MATRIXP and MATRIXNP are event driven programs. 
The displayed form, shown in FIG. 12, is the same for 

both programs, and is the same as the displayed form for 
MULTIP and MULTINP as well. 

The principal differences between MULTIP and 
MATRIXP, and MULTINP and MATRIXNP, are to be found 
in the Timer 1 subroutine. 

Timer 1 invokes an interrupt every second. First the time 
and date labels are updated. Then, if serial data is available, 
a character is read from the input serial port. If it is within 
the legitimate range then the Row and Column for the defect 
are computed. Otherwise, Timer 2, the error message timer, 
is activated, ErrorFlag 1 is set true, the ErrorMessage is set 
to "Error", and a message box is displayed with the character 
and "Error' and the subroutine returns. After Row and 
Column are computed, a determination is made to see if this 
keypress is a type-of-error. If it is then a determination is 
made to see if this key is not equal to the LastErrorKey or 
if the LastKey was a Position. If so, then the ErrorKey is 
computed, LastKey is set to Error, and LastErrorkey is set 
to this ErrorKey. If not, then ErrorKey is set to 0 and 
LastKey is set to Error. If this keypress is a position, then a 
determination is made to see if this key is not equal to the 
LastPositionkey or if the LastKey was an Error. If so, then 
the Position Key is computed, LastKey is set to Position, and 
LastPositionKey is set to Position. If not, then PositionKey 
is set to 0 and LastKey is set to Position. Next, the reset flag 
is tested. If it is set, then label captions are set to their backup 
values (all Zeroes), Row and Column are initialized to 
zeroes, backup data is written to BACKUPDAT, and the 
reset flag is reset to zero. 

Just as in MULTIP and MULTINP, MATRXP and 
MATRIXNP allow for recovery from a mistake caused by 
inadvertently activating the Reload button. The computer 
operator (or the quality engineer) must quit MATRIXP (or 
MATRIXNP), copy BACKUPOLD to BACKUPDAT at the 
DOS command line prompt, execute MATRIXP (or 
MATRIXNP) again, and click the Reload button. This 
restores the original defect matrix (FIG.12). 
An example printout from MATRIXP or MULTIP is 

shown in FIG. 5A. FIG. 15B shows the ten (10) most 
numerous defects. 

Referring to FIG. 16 and Appendix G, CHANGE&P is a 
Visual Basic form, used by MULTIP, MULTINP, MATRIXP, 
and MATRIXNP, to examine and edit the twenty (20) 
position and ten (10) type-of-defect labels, and to effect a 
reset of the display means 1 and the defect matrix displayed 
on the computer display 14 (shown in FIG. 12). 

It contains a Display button, a Reset Padbutton, a Quit 
button, an Edit Box, ten (10) Type-of-error labels, and 
twenty (20) Position labels. 
Upon clicking the Display button with the mouse, the ten 

(10) TypeError strings are copied to the type-of-error label 
captions, and the twenty (20) Position strings are copied to 
the position label captions. Then execution returns to await 
another event. 
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Clicking any Position label or TypeOfError label sets the 
EntityBeingEdited variable to the appropriate value, and 
copies that label to the Edit Box. 

Clicking on the EditBox allows keyboard 55 edits to 
change the corresponding label, and updates the position and 
type-of-error label data file, PANDE.DAT 

Clicking the Reset Pad button reads the command line 
input parameter, opens the appropriate COM port on the 
computer 11 if it was legitimate, sends the "reset thyself” 
character out the serial port to any data entry means 1 
connected to the computer 11, closes that COM port, 
reopens it for input, and finally sets the ResetThyself flag. 

Clicking the Quit button hides the ChangePositionOrEr 
ror form (FIG. 13), and shows the DefectMatrix form, that 
displays the defect matrix (FIG. 12). 

Referring to FIG. 17, PRTDSCHR.WQ2 is an example of 
a spreadsheet, designed for the commercial program Quat 
tro09 Pro. It summarizes and plots the data output called 
LATESTDAT (shown in FIG. 23). This data is generated 
when a computer operator actuates the OUTPUT button 
within the program MULTINP, MULTIP, MATRIXNP, or 
MATRIXP, and is an exact copy of the same output data 
stored in a file with a name that incorporates the date and 
time. One of these four programs is used to capture data 
from the data entry means 1. 

First, PRTDSCHR.WQ2 imports the latest data file, des 
ignated LATESTDAT, beginning at spreadsheet cell loca 
tion A1. 

Next it copies the data columns to a work space beginning 
at A101 and ending at A300. Then it copies the position 
names to B101 through B300. It will be appreciated by those 
skilled in the art that each cell is designated by a letter and 
a number, wherein the letter corresponds to a respective 
column, and a number corresponds to a respective row. 
Now the types-of-errors can be appended to those posi 

tions in B101 through B300. 
Next, sorting can commence, leaving the most numerous 

defect at A101, the next most numerous at A102, and so on. 
Then the original data can be printed. It resides in 

spreadsheet cells A1 through P32. 
Now three, predefined plots are printed. The first (FIG. 

18) is the Pareto chart of all defect positions regardless of 
type-of-error. Then the Pareto chart of all types-of-errors 
regardless of position, is printed (FIG. 19). Lastly, the Pareto 
chart of the ten (10) most numerous defects is printed (FIG. 
20). 

This concludes the execution of the example spreadsheet 
PRTDSCHR.WQ2. 
As described above, programs MULTINP, MULTIP, 

MATRIXP, and MATRIXNP produce output files which 
serve two purposes. The first purpose is that of recording the 
defect data for subsequent printing, analysis, and plotting. 
The second purpose is that of recovering from a power 
failure. 

In the first instance, the defect data, and the start and end 
time and date, are recorded twice, with two different file 
names, in an easily read format. An example of such a file 
is shown in FIG. 23. 
The first line consists of the counts for ten defects, each 

one representing one of the ten types-of-errors, separated by 
commas and followed by their sum. This first line represents 
all the defects for the first of twenty positions. The second 
line consists of the counts for ten defects, each one repre 
senting one of the ten types-of-errors (in the same sequence 
as for line one above), separated by commas and followed 
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by their sum. This second line represents all the defects for 
the second of twenty positions. Lines three through twenty 
follow the pattern of lines one and two above. Line twenty 
one is a blankline. Line twenty-two consists of the sums of 
the counts for the ten defects, each one representing one of 
the ten types-of-errors (in the same sequence as for lines one 
through twenty above) for all lines one through twenty 
above, separated by commas and followed by their sum. 
Line twenty-three is a blank line. Line twenty-four contains 
the words "Start" and "End". Line twenty-five contains the 
start date and the end date, expressed in a numerical format 
such that the two-digit month occurs first, separated by a 
hyphen from the two-digit day of the month, separated by a 
hyphen from the four-digit year. Line twenty-five contains 
the start time and the end time, expressed in a numerical 
format such that the hour is the two-digit number of whole 
hours past midnight, separated by a colon from the two-digit 
number of minutes past the hour, separated by a colon from 
the number of seconds past the minute. 
The first recording is assigned a file name that reflects the 

date and time at the moment the OUTPUT button was 
activated. The first two characters of the filename are the last 
two digits of the year, like 94 for the year 1994. The second 
pair of characters of the filename are two digits which 
represent the month, like 05 for the month of May. The third 
pair of characters in the file name are two digits which 
represent the day of the month, like 03 for the third day of 
the month. 
The extension of the file name is the time. The first two 

characters represent the hour in military time, like 15 for 
3:00 pm and 06 for 6:00 am. The third and last character 
represents the tens of minutes past the hour, like 1 for the 
period 3:10 through 3:19. 
Thus the file name, recorded on May the third, 1994, at 

3:09 pm, would be 94.0503.150. 
The second recording of the data is assigned to a file with 

the name LATESTDAT (FIG. 23). This generic file name is 
used by the spreadsheet PRTDSCHR.WQ2 to import the 
defect data for the purpose of printing, analysis, and plotting. 
The two recordings contain exactly the same information, 

but have different file names. 
Output files for recovering from a power failure, as 

mentioned above, are named BACKUPDAT, BACK 
UPOLD, and BACKUPBAK. They all have the same 
format and appearance as shown in FIGS. 24A, B, C. 
The first four characters of BACKUPDAT represent the 

defect count of the first type-of-error and the first position. 
In FIGS. 24A, B, C it is represented by 2020 20 30, which 
constitutes three blank spaces followed by a zero. In a 
different example, a defect count of ninety-nine would be 
represented by 2020 3939, two blank spaces followed by 
the digit nine followed by another digit nine. Continuing 
with FIGS. 24A, B, C the second group of four characters, 
20 20 20 30, represent the defect count of the second 
type-of-error and the first position, and, again, they consti 
tute three blank spaces followed by a zero. The third group 
of four characters represent the defect count of the third 
type-of-error and the first position. The fourth group of four 
characters represent the defect count of the fourth type-of 
error and the first position. This pattern continues until the 
tenth group of four characters, which represent the tenth 
type-of-error and the first position. This ends all defects 
which are specified by the first position. 
Now an addition blank space character, a 20, is included 

before the next four characters, which represent the defect 
count of the first type-of-error and the second position. 
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Groups of four characters represent the types-of-errors 
through the tenth type-of-error, which concludes all defects 
which are specified by the second position. 

Before beginning defects specified by the third position, 
a single blank space character, a 20, is appended. Then 
groups of four characters represent the ten types-of-errors 
for the third position. 

This pattern continues, with a single blank space charac 
ter, a 20, before the first type-of-error on a new position. It 
concludes with the group of four characters which represent 
the tenth type-of-error and the twentieth position. After this 
last defect, two characters, OD OA, represent a carriage 
return and a linefeed. 

The next ten groups of four characters, like 2020 2030, 
represent the ten sums of the counts of all defects with the 
ten types-of-errors, but any position. These ten sums are in 
the same sequence as the ten types-of-errors described 
above. 

After the tenth sum, three characters 20 OD OA, represent 
a blank space, a carriage return, and a linefeed. 
The next group of four characters, like 20 20 20 30, 

represent the sum of the counts of defects of the first 
position, but any type-of-error. The next nineteen groups of 
five characters, like 20 20 20 20 30, represent the twenty 
sums of the counts of defects of the twenty positions, but any 
type-of-error. These twenty sums are in the same sequence 
as the twenty positions described above. After the last sum, 
two characters, OD OA, represent a carriage return and a 
linefeed. 

The next five characters, like 2020202030, represent the 
grand total of all defects. After the grand total, two charac 
ters, OD OA, represent a carriage return and a linefeed. 
Then the next ten characters, like 3035 2D 31 30 2D 31 

39 3934, represent the starting date May 10, 1994, in this 
case May 10th, 1994. The next two characters OD OA, 
represent a carriage return and a linefeed. 
The next eight characters, like 31343A 33 353A 3137, 

represent the starting time 14:35:17, in this case 2:35pm and 
17 seconds. The last two characters, OD OA, represent a 
carriage return and a linefeed. 
One other data file, PANDE.DAT, is generally used as an 

input. It contains the names of the twenty (20) positions and 
ten (10) types-of-errors used in the printing of the defect 
matrix, FIG. 15A, and the ten (10) most numerous defects, 
FIG. 15B. These names are displayed on the ChangePosi 
tionOrError form (FIG. 13) when the DISPLAY button is 
activated. These names can be edited by first clicking on the 
desired name, and then editing that name in the edit box on 
the screen. As a name is edited, it appears in its proper 
display position, and the file PANDE.DAT is written with 
the new name. 

This file contains the information needed by MULTIP, 
MULTINP, MATRIXP, and MATRIXNP, that is specific to 
a particular production line. An example of this file is listed 
in FIG. 25. 

Table 1 (below) shows possible combinations of displays 
and computer connections, along with the programs execut 
ing in the computer 11 and the microcontroller 38. 
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TABLE 1 

Stand 
alone Computer 

No Display Display Display 

computer connected possible, example example 
continually not preferred described described 
PADD&MULTINP or herein herein 
PADD&MULTIP 
dump of data possible, example example 
periodically not preferred described described 
PAD8&MATRXP or herein herein 
PAD8&MATRIXNP 
computer never no output; WIF&LCD not appli 
connected no data display cable 
PADD collected units 

Obviously, many modifications may be made without 
departing from the basic spirit of the present invention. The 
invention is herein described with particular reference to a 
defect occurring on a workpiece, and, even more particu 
larly, to entering and analysis of data relating to position and 
type-of-error. However, the principles of the invention are 
applicable to any physical event occurring in any physical 
object. Then, the sketch board will contain a pictorial image 
of said object, and the indicia 8 will identify the position of 
said attribute in the object. The indicia 9 will be used to 
identify any chosen qualitative or quantitative characteristic 
of the attribute. For example, for a water supply system the 
attribute may be a place of water leakage. The position of the 
water leakage place will be identified by the indicia 8, then 
indicia 9 may identify a nature of this damage, for instance, 
size, shape, rate of flow through this damage, possible 
reason, etc. 

If the object is a geographical area, and the attribute (or 
event) is a disease of animals, then the indicia8 will identify 
location of sick animals, and the indicia9 will identify either 
number of sick animals, or severity of illness, or special 
symptoms of said disease for this particular location, source 
of water, level of radiation, etc. 

Referring to FIG. 21, another modification of the system 
of present invention includes sensing members 56 disposed 
on the front screen 16 to identify one type of parameter. The 
keyboard 18 includes electronic circuitry 37 adapted for this 
design. For example, this system may be employed for 
entering data relating to size of cracks occurring in certain 
area of a workpiece. Then, each sensing members 56 will be 
associated with certain size and activating the respective 
sensing member 56, the parameter will be entered in the 
system for further processing. The system can be also 
utilized for multiple-choice examination. 

Referring to FIG. 22, another modification of the data 
entry means 1 display a pictorial image of an object, and 
indicia 8 are located directly on the pictorial image, such that 
indicia 8 can be activated by simply touching the respective 
area of the pictorial image. Indicia 9 can be used for defining 
a first type-of-attribute (event), while sensing members 56 
can be employed for entering data identifying a second 
type-of-attribute like production line, shift, operator, etc. 
Another sensing members 57 can be used for entering a third 
type-of-attribute like color, or model, serial number, dispo 
sition, etc. In principle, the present invention is not limited 
to the number of types-of-attributes described herein. 

Actually, the system of present invention and the data 
entry means itself may find a plurality of applications in any 
industry where data are to be entered and analyzed by means 
of easy-to-use, inexpensive, flexible and effective electronic 
systems affordable and adaptable to any process. 

Accordingly, it will be appreciated by those skilled in the 
art that within the scope of the appended claims, the inven 
tion may be practiced other than has been specifically 
described herein. 
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OOOO CP "DS5000. TBL" 

OOOO HOF ''INT8" 

; define variable names for Special Function Registers 
OOFO B reg: EQU OFOH ; B register for MUL & DIV, 00 
OOEO = ACC: EQU CEOH ; accumulator, OO 

OODO = PSW: EQU OOOH ; program status word, 00 

OOC7 is TA: EQU OCH timed access, 22 

OOC6 as MCON: EQU OC6H ; memory control, RT 

OOC5 = EK4: EQU OC5H ; encryption key 4, RT 
OOC4 = EK3: EQU OC4 ; encryption key 3. RT 

OOC3 EK2: EQU OC3H ; encryption key 2, RT 
OOC2 = EK1: EQU OC2H ; encryption key 1, RT 

OOC1 is EKO: EQU CC ; encryption key O, RT 

OOB8 = PC: EQU OBBH ; interrupt priority control, CO 
OOBO c 3: EOL) oBOH ; port 3 latch, FF 

OOA8 as EC: EQU OABH ; interrupt enable control, OO 
OOAO = P2: EOU OAOH ; port 2 latch, FF 

O099 SBUF EQU O99H ; serial data buffer, ?? 

OO98 is SCON: EQU O98H ; serial control, 00 

O09) : P1 : EQU O9 OH ; port 1 latch, FF 

O08D a TH: EQU 08DH : timer 1 high byte, OO 

O08C = ThiO: EQU O8CH ; timer O high byte, 00 

O08B = 1 : EQU 08 BH ; timer low byte, 00 

O8A = TLC: EQU O8AH ; timer O low byte, 00 

OG89 te TMOd: EOU O89H ; tirer mode Select, 00 

O088 s TCON: EQU O88H ; tilter control OO 

O087 - PCON EQU O87 ; power control, RT 

OO83 is OPE: EQU O833 ; data pointer high byte, OO 

OO82 is DPL: EQU O82H ; data pointer low byte. OO 

O081 - SP: EQU O8 H : stack pointer, O7 

OO8O s PO : EQU O8CH ; port O latch, FF 

OOOO = RO: EQU OOOH ; addir of each ROW-COLUMN co?tbination 

COO = Ri: EQU OO ; base addr of each row 

OOO2 = R2: EQU OO2H ; contents of Port O 

OOO3 = R3: EQU OO3H titling delay loop counter 

OOO4 a R4: EQU OO4H. ; tinuing delay loop counter 

OO05 R5: ECU OOSE ; timing loop Counter 

OOO6 s: R6 : EQU OO6 beep length flag 

OOO7 = R7: EQU OOH ; row 3 or 4 flag 
OOO8 = R8: EOU OO8H ; previous value of R7 

OOO9 c R9: EQU OO9H ; flag signifying defect XMIT owns transmitter. 
RA: EQU OOAH flag signifying pass-thru XMIT owns transmitter. 

OOOB is RB: EQU OOBH ; previously transritted character 

OOOC = RC: EQU OOCH ; second previously transmitted character 

OOOD a Ro: EOU OOOH ; FILL MATRIX error number, 1 to 10 

DISPLAY COUNT least significant character 



OOOE 

OOOF 

O080 

OO81 

OC82 

OC83 

OC84 

0085 

OO85 

OO35 

0.086 
OO86 

0087 

O08 

008 

O088 

0.089 

008A 

OOBB 

OOBC 

008d 

OO8E 

O08F 

0.090 

e 

c 

s 

21 

RE: EQU 

RF: EQU 

ROh 

; R11 

R12h 

r13h 

R14. 

RSh 

R16 

R 7h 

R18 

R19h 

R1A 

RB 

Rich 

RO 

RE 

RFh 

RESETCHAR: 
OMEGA 

Poo: EQU 
P01: EQU 
Po2: EQU 
Pol3: EQU 
P04: EU 
P05: EQU 
RS: EQu 

TEST: EQU 
P06: EQL 
RN: EQU 

Po 7: EQU 
ENABLE: EQU 

WR: Eol) 

Tcono: EQu 
TCON: EQU 
TCON 2: EQu 
TCON 3: EQU 
TCON 4: EQU 
TCON 5: EQU 
TcoN 6: EQU 
TCON 7: EQU 

Pio: EQU 

GOE 

OOFH 

EQU 

EU 

5,508,911 
22 

; FILL MATRIX position number, 1 to 19 
: DISPLAY COUNT middle character 
; FILL MATRIX loop counter for number of defects 
: DISPLAY COUNT most significant character 
used in WA4MS as a loop counter 

; used in WAT100MS as a loop counter 
; "reset thyself" flag 

; defect number in FILL MATRIX 
SERIAL input character, temporary storage 

: biggest offender, location 
2nd biggest offender, location 
3rd biggest offender, location 
4th biggest offender, location 
loop counter for number of defects, 200d 
CPR shadow 

biggest offender, count 
; 2nd biggest offender, count 
; 3rd biggest offender, count 
: 4th biggest offender court 

CE/VF switch; 1 -LCD, OWF 

224 

234 
"reset thyself" command character 
"send me your data" cormand character 
OMEGA unused in this program 

; LCD register select, ediata. Or instruction 
; WAF NOT (self test) 

LCD read/write 

; Lct enable active on falling edge 
; WAF NOT (write) 
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OOF 

012 

0 1 15 

0.18 

O 13 

O 1 E. 

O20 

O 121 

0.123 
O125 

0.26 

0.27 

0.128 

0.30 

01:32 

0.34 

0.135 

o37 

O137 

0.139 

013C 

013F 

O42 

O45 

148 

04B 

0.143 

29 

75A380 

75892.1 

758DE8 
758,850 

901F00 

400 

ro 

FF 

A3 HO: 

OE 

EE 

B40007 

OF 

EF 

34 2002 

805 

7400 H1: 

FO 

8OEE 

H2: 

EFF 

7508FF 

7sobff 

SOCFF 

750900 

7SOA00 

s13FF 

Es 

DR 

LOR 

LOR 

DR 

LoR 

OR 

LDR 

INC 

INC 

CBNE 

INC 

LoR 

CBNE 

BRA 

OX 

BRA 

LOR 

DR 

LDR 

LDR 

DR 

LDR 
LCR 

IEC, 80H 

TMOD 21. H 

TR1, GE8H 
TCON, SOH 

DFTR FOOH 

A, 800 

8DPTR, A 

R7, 1FE 
R6 00h. 
DETR 

A, R6 

A, WOOHH1 

2 

A, COOH 
8DETRA 
HO 

R6 y off 

R8, YOFFH 
RB, OFFH 

RC, 0FF 

R9, WO 
OAHAC 

19, #OFFE 

3, 
A P3 

5,508,911 
30 

receive shift register enabled, xxx1 xxxx. 
force 9th serial bit to 1 always, xxxx xxx. 
interrupts to be individually set, 1xxx xxxx. 
timer interrupts disabled, 
which is required for baud generation. 
timer 0 interrupts will be set later. 
set timer 1 to 8-bit soft reload node, 
xx0 xx & timer O to 16-bit mode. 

load timer 1 with reload value for 1200 baud 
enable tirer 1, enable timer O. 

set data pointer to minimun, ie bot of stack. 
for the matrix memory. 
This requires the Partition be set to 1000h. 
load the accurtulator with 00h. 

load memory pointed to by DPTR with CCh. 
use R.R.6 to simulate PR 

highest key character mertory is EFF . 
1F00 to 1FFF is matrix memory. 
zero the whole page of memory. 
if low byte not zero, branch ahead. 

if high byte ndt i2Oh, branch ahead. 

otherwise, data memory initialized to 00h. 
so branch ahead to continue with rest. 

else load 00h into data memory via accur. 

loop back & continue intializing data mem. 

Register 6 is the single Acouble beep flag, 
initialized to single beep. 
initialize R8 with "no previous key" value. 

set RB & RC to "no previous character". 
reset defect XMIT flag to zero. 
reset pass-thru XMIT flag to zero. 
initial defect number. 

; set LCD/VF flag to LCD 
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O14D 

O 14F 

O150 

O151 

O152 

0.53 

O155 

O157 

O 1 SA 

015D 

O160 

O163 

0.166 

O 69 

O16B 

O6B 

06E 

On 6E 

o17 

017 

O173 

o175 

O77 

0.79 

0.17C 

O17E 

O180 

O82 

0185 

O 90 

O 92 

Ot94 

o197 

5410 
O3 

03 

03 

O3 

F5F 

ESF 

B401 

12O63 

7.590of 
120603 

7.59080 

12060B 
803 

1206A 

75,200 

31 

wr: 

H INITD: 

HERE2: 

RRA 

RRA 

RRA 

LDR 

LDR 

CBNE 

CALL 

LOR 

CALL 

LDR 

CAI. 

BRA 

CALL, 

BSET 

LOR 

BSET 

LER 

CALL 

BCLR 

BSET 

CALL, 

BCER 

BSET 

LDR 

CALL 

BCLR 

BSET 

LDR 

CAL 

BCLR 

BSE 

LDR 

CALL 

BCLR 

A, 10th 

31, A 
A 31 

A, it 1, HVF 
INITLCD 
P1, OFH 
INSTRUCT 

P. 80H 
NSTRUCT 

HINITD 

INITVF 

8 iO 

P25 
ROOH 

DELAY READ 
p25 

P24 
R7, it OOH 

DELAY READ 
P24 

P23 
R7 #01h 

DELAY READ 
P23 

P22 
R7, HOH 

DELAY READ 
P22 

2 

R. OOH 

DELAY READ 
P2 1 

5,508,911 
32 

set R31 by the value of P3.4, pin 14. 

inlitlalize display. 
display ON, with cursor, & blink. 

set display data RAM to addr 00h 

reset the "reset thyself" flag. 

enable serial interrupts. 
initialize R1 to tax memory addr needed. 

read row 6 

reset flag to signal rows 1,2,5, 6. 

read row 5 

reset flag to slignal rows 1, 2, 5, 6. 

read row 4 

set flag that signalis row 3 or 4. 

read row 3 

set flag that signals row 3 or 4. 

read row 2 

reset flag to signal rows 1,2,5, 6. 
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OAB 

O. Ad 

OsO 

0.133 

O133 

O3. 

087 

O 139 

OBB 

OBC 

OBO 

OBE 

Caf 

01 CO 

O C3 

OC5 

Ocs 

Ocd 

010 

OD3 

Old6 

0.19 

OldC. 

Odo 

01: 

5,508,911 
33 34 

read row 

; reset flag to signal rows 1.2.5, 6. 

get the "reset thyself" flag. 
if it's not FFh then loop back to HERE2. 

; else start over at HERE 
A A a war w w a w w a A Wr Arr w w w at a rarr wry 

; Delay & Read subroutline. 
;R3 is a timing loop constant. 

;R4 is another tirning loop constant. 
another internal delay loop. 

decrerrent R1 five times. 

R now contains the base addr, less . 
write is to Port 0. 

read Port o into R2. 
; mask out unconnected bits. 
; if certaining bits not all O. branch ahead. 

; else enter a zero bit for this sampling. 
now RO has the base address. 

call the rotation subroutine. 

; to record closed & open switches. 

; return from Delay & Read subroutine. 

r a a e g a war rare wrwr a wr w w w w w w R a we rar w w A irr t w irst t t w A in A A r a a e A A 

d2AO BSET P20 
7FOO EOR ROOH 

i2O183 CALL DELAY READ 
c2AO BCLR P20 

E512 LOR A, 18 

B4FFC CaNE A, OFFH, HERE2 

O2O100 JMP HERE 
w we we A. At it k . . . . wr w w A. A. At r war A 

DELAY READ: 
7304 LOR R3A04H 

COO No LR R4, OOH 

CFE DBN2. R4, 

obra dBN2. R3Nd 

9 Ec R 

9 OEC R 

g DEC R1 

19 DEC R1 

9 DEC R 

7580FF LDR PO, AOFF 

AA8O LOR R2, PO 

53021 F AN R2, #1 FH 

BAOCs 18 CBNE R2 00HND2 

A80. LDR RO, R 

120D) CALL ROTO 

120 did CALL ROTO 

2010 CALL ROTC 

20 did CALL ROTO 

201DD CALL ROTO 

22 RET 

38 ROTO: INC RO 

C3 CR c 

13 RRC A 

F5 R ROA 

22 RE 

Rotation subroutine. 

load M(R0) into accurhulator A. 
: clear the carry bit. 

rotate right with carry going into MSB. 
; load accuchulator A back into M(R0). 
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0264 850BOC 
0.267 880B 

0.269 E508 

0.26B B4FF02 

O26E 800 

(270 EF 

271 B50802 

O274 800A 

0276 E5AO 

0.278 5440 

O27A 34 403 

O27D 120283 

0280 8FO8 

O282 22 

0.283 

O283 E50C 

0285 B4FFO 

C288 22 

O289 

0289 BFOC 

028C 7444 

028E C3 

028F 950 

C291 F5Od 

0.293 744D 

O295 C3 

0.296 950C 
298 FSOE 

O2A6 80. A 

39 

3EEPEX: 

BP3 

DR 

LR 

DR 

CBNE 

BRA 

LOR 

CBNE 

BRA 

TR 

AND 

CBNE 

CALL, 

LOR 

RET 

RCRE 

RBRO 

A, R8 

A, HOFFHBP3 
BP8 

AP2 
A 40 

A 40H, BP8 

FIL. MATRIX 
R8, R7 

5,508,911 

copy previous key to 2nd previous key, 
copy this key to previous key. 

R7 is row 3 or 4 flag. 
R8 is previous value of R7; FFh on startup. 
if R8 Kx initial value, branch to next test. 
else branch to BP8. 

get row 3 or 4 flag for comparison. 
if R8 x R7 then branch to BP7. 

else branch to BP8. 

read current state of LED. 

Task out all but LED bit, 

if LED ON (P26s 0} then branch ahead. 
decode key pair & update one matrix element. 
save "previous" R7 in R8 

return from subroutine. 

a w w w w w a wrw w w w w y : w w w w w w w w w y &r rw rw a w w w w w w tra wax. At A rw a ; ; a 

FILLMATRIX: 

F: 

OR 

CBNE 

RE 

CNE 

DR 

CR 

SBC 

LDR 

LER 

CLR 

SBC 

LR 

CLR 

SBC 
BC 

SBC 

LOR 

BRA 

; previous two keys were a position & type of error (or vice 
; versa), so now let us decode them into a defect. 

A, 44 H. 
C 

ARB 

RD, A 

A #4 OH 

c 

A., RC 

RE, A 

A, RE 

A, 80 
RE. A 

get 2nd previous key. 
if its not the initial value continue. 

if R7C2 then RB is a position, branch F2. 

else RB is a type of error; subtract it 
from #44h to get error number. 
get previous key. 
save error number in Rd, 1 to 10. 

now subtract position character from 4Dh. 
to get position number. 
subtract 2nd previous key 
temporarily save position number in RE 
0 to 19 for A to T (skip over errors below). 

subtract. 11d from position number. 
branch ahead if carry set for borrow; 

retricve position number from RE. 
subtract. 10d from character to get position 
number. 
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O236 

C2b 

0289 

41 

F2: 

44 

C3 

950C 

FSOd 

C3 

940B 

4007 

F640: 

ESOA 

B400FB 

7509FF 

85399 

so FOC 

ER 

CR 

SBC 

LOR 

LDR 

CLR 

SBC 

LDR 

SBC 

C 

CLR 

LDR 

SC 

OR 

LCR 

LOR 

oR 

CBNE 

LOR 

dR 

LR 

INC 

DBN2. 

OX 

CBNE 

BRA 

INC 

A 44 H 

A, RC 

RD, A 

ARB 

RE, A 

C 

A, RE 
A #10 
REA 

Breg, #10 
ARE 

As 

ARD 

RF. A 

9. A 

SUF, 9 

RAF FOOH 

opTR 

RF, F64. 

A. edpTR 

A, OFFHF66 
F67 

A. 

5,508,911 
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else RB is a type of error; subtract it 
from 44 h to get error number. 
get 2nd previous key. 
save error number in Rd. 

now subtract position character from 4Dh 
to get position number. 
subtract previous key. 
save position number in RE. 

subtract 1d from position number. 
branch ahead if carry set for borrow; 

subtract. 10d from character to get position 
number, temporarily saving results in RE. 

for each position there are 10 errors. 
retrieve position number from RE, 0 to 19. 
multiply number of errors times position it. 
add the type-of-error number, 1 to 10. 
now accumulator A has the addr to increment. 
save it i? RF 

register 19 holds defect number, 1 to 200. 
defect initialization FFh. 

test the pass-thru XMIT flag. 
wait for it to clear. 

set defect XMIT flag to non-zero 
claiming transmitter resources. 
transmit the defect number. 

presat DPTR to 1F00h. 

increment DPTR in matrix memory 
to the correct element; RF now zero. 

get current count. 

branch to increment if its not #FFh. 
else branch bo F67. 

increment the count. 
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901 FO1 

75 601 

EO 

FSB 

90 FOO 

8, 1519 

A3 
D51.9FC 

7400 

F0 

90.1 FO1 

75160 

EO 
F51C 

A3 

05. A 

EO 

C3 

951C 

43 

F6901: 

OX 

LDR 

IDR 

IX 

LOR 

LDR 

LDR 

INC 

INC 

LDX 

CR 

SBC 

BC 

LOR 

Ldx 

LDR 

DBN2. 

LOR 

INC 

dBN2. 

LDR 

LDX 

LDR 

LDR 

DX 

dR 

DR 

LOR 

LoR 

INC 

NC 

DX 

CLR 

SBC 

EdTRA 

dPR, #FOH 

22, ill 
ADPR 

27, A 

dPTR Y FOCH 

25, 200 

26 AO 

dPTR 

26 

A 3DPTR. 

A 27 

F69 

226 

A, gDPTR 

27, A 

25, F68 

dPTR. #FOOH 
25, 21 
opTR 

25 F6901 

A ) 

&DTR, A 

DPTR, y1 FOH 

221 

ADPTR 

28, A 

dpTR, 1 FOOH 

25, 200 

26, #0 

PTR 

26 

AeopFR 

C 

A. 28 

5,508,911 
44 

store count back into last page of dat rein. 

seek 4 biggest offenders. 
initialize dPTR to first defect cell. 

initialize R27 to contents of M(R2). 

initialize R2s with number of defects. 
shadow the dTR 

now increment thru defect memory cells. 
increment the DPTR. 

increment the shadow. 

get the count in this cell. 
clear carry as a prerequisite to subtraction 
subtract from it the biggest so far (in R2) 
lf R21 > A, there was a carry so jump ahead 
addr's updated. 

counts updated. 
decretent counter register, branch back.<>0. 
now R27 has the count, R2 the location. 
row load that location with zero count. 

initialize DPTR to first defect cell. 

initialize DPTR to first defect ceili minus 1 

initialize R25 with number of defects. 
shadow the DPTR. 
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E51F 

B40.108 

7.590co 

25OB 

3CO3 

85 C1A 

24C) 

204 E4 

E5F 

B40.108 

7.59090 

20603 

8003 

120734 

ESF 

B40.108 

759000 

2O6(OB 

8G3 

12O734 

901 FOO 

75AOO 

751900 
A3 

49 

F6982: 

F89822: 

F69823: 

F99: 

LDR 

CA. 

CAL. 

Lor 

CBNE 

IDR 

CALL 

3RA 

CAE. 

LOR 

LER 

CALL. 

CALL 

LOR 

CBNE 

LOR 

CALL 

BRA 

CALI. 

LOR 

R 

CALL 

CALL 

LDR 

CBNE 

LOR 

CA.I. 

BRA 

CAT.L. 

LR 

LDR 

CALL 

CAL 

5,508,911 
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26, 22 

OECODE decode RE 4 RE from Accumulator 
DISPLAY. Re is position Rd is type of error . 

; R3, R4, RD, RE, RF get used. 
A, 31 

P. OCOH ; set cursor to 1st space, 2nd line. 
INSTRUCT 

F6982 

CRF 

A, 22 
26, 28 
dECODE 
DISPLAY 

A, 3 

P1, w90H ; set cursor to 1st space, 3rd line. 
NSTRUCT 

F69822 

CRLF 

A, 23 

28, 29 
OCOCE 

DISPLAY 

A, 3 

A, 1, F698w3 
P.A.ODOE ; set cursor to 1st space, 4th line. 
INSTRUCT 

F698.23 

CRLF 

A, 24 
26.30 

dECODE 

ISAY 

; now totalize all the defects & display it on the 4th line. 
LDR 

IDR 
LOR 

INC 

DPTR, FOOH 

26, YO ; R26 will holid the total, 
25, #0 ; R25 will shadow the DPTR., & test for done, 
DPTR ; increment the DPTR and its shadow 
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206OB 
22 

7.5906 

2OSF2 

22 

7.59001 

12O6OB 

22 

7.5905 
1206F2 

22 

FB 

FC 

750EOO 

750D00 

OSO) 

ESOd 
B4OBOs 

75001 

050E 

22 

ESOE 

2441 

F590 

1205FA 

ESOD 

2430 
F50d 
C3 

943A 

5,508,911 
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CALL Instruct 

RE 

HOME VF: 
LOR P1.16H : cursor home. 

CALL ETOGLVF 
RET 

CLEAR LCD: 
OR P101 H 

CAL, INSTRUCT 

RET 

As a wrea warr wrk rew rewr a rew we w w is rew a w w a a trire was were rrrrrrrrr wrews writ 

CLEARVF: 
IDR P, 1sh : clear display. 

CALL, ETCGL wr 
RET 

a w w w w wrw w w serg gr vrve arr w w w we ar. A e A R it a w Art e a we we w w w A few left r s re r r he w w it k r it www A 

DECODE: :Begin with A, uses R334, puts position # into RE, error A into RD. 
count up from zero. Every time the type of error incretents past 
1C reset it to , and increment the position. When the defect 
number is decre?cented to zero, then the error & position are good. 

LDR R3, A ; put it in R3. 
LDR R4, A 

LR RE. O. 

LDR RD, IO ; load results registers with zeroes. 

INC Rd. ; increment type of error. 
LOR A, Rid 

CBNE A, OBHD75 ; test it for > 0. 

LOR RD, CH ; lif X, then reset to 1. 

INC RE ; increment position number. 
Dis: 

DBN2. R3 d7 decrement the count & test to see if more. 

RET 

or w w arr wrw or r are are regr w w w w w w w w w a ke wrw w w w w R A ye ea art it k he way A w w it f : . A ye 

dSPAY: ; RE has position, Rd has type of error. 
; R3, R4, RD RE, RF all used by this routine. 

LOR ARE ; get the position (0 to 19d for A to T) 
ADD A 41H 

LOR P1A 

CALL DATA : display the position letter. 

LDR ARD ; get the type of error (1 to 10). 
AD) A 30 

DR RA 

CLR c 

SBC A 3AE 
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Cs59 82: 

589 1205FA CALL DATA 

O55C ESOE LDR ARE get middle digit. 

O55E B4300E CBNE A 3OH.F84 ; test it for "O" branch ahead if not. 
0.561 EC LDR AR4 get leading zero flag. 

0562 B40.105 CBNE A 1, F83. : test MSD equal to "0", branch ahead if not. 
565 75.9020 LR p1.." " ; load a blank since and RF at 0. 

d568 8008 BRA Fs : branch ahead to display. 
056A 759.030 F83: R P1, "o" ; load "0" since 0 and RF <> 0. 

O56D 8003 BRA F85 : branch ahead to display. 
O56F 8SOS90 F84: DR Pire ; not 0, so load middle digit. 
O572 1205FA F8s: CAL. O ; display ASCII character 

0575 85090 LOR pi Ro : display LSD; never 0, never undisplayable. 
0578 1205FA CAL. DAEA 

O57B 22 RET 

was a was . . . . . . wres a a a a a a sess a a r w w w w w is she ra. A w w w w w w w x or 
interrupt service. 

57C d IMERO: dEC RS ; decretent ti?ting loop counter. 
C57d BD0004 CBNE Rs. OTEMERX ; if loop counter not 0, then return. 
O580 C2A7 BCLR P27 ; eise clear the beeper. 
0582 C2A9 BCR IEch ; clear timer 0 interrupt enable. 
O584 32 TIMERX: RETI ; return front interrupt service. 

. . . . . . . . . . . . . . . . . . s a we w w a a was a w w w w w w w w w w w w t t e i is wrw we k it r r its it 

0585 SERA: ; serial interrupt service. 

; push certain registers onto the stack. 
O585 COEO PUSH ACC ; used throughout interrupt service. 

0587 E598 S: LDR ASCON ; get serial control register. 
0589 5402 AND A MO2H 

58B B4C20F CBNE A 2HS2 ; if its the transmit interrupt 

; then clear it and test R9 & R.A. 
058E C299 BCLR sCON1 

0590 E50A LDR AOAH ; get pass-thru XMIT flag, RA. 

0592 B4FF05 CBNE A, OFFhs 15 ; if it's reset, jump ahead to reset R9. 
o59s 750A00 LDR OA 0 ; otherwise, reset RA. 

0598 8003 BRA S2 ; then return from interrupt. 

059A 750900 OR R9, iO ; reset defect XMIT flag, R9. 

O59 S2 : this must be a received serial interrupt. 
O59) E598 LDR ASCON 

59F 540 AND A fl 

Os B40OO2 CBNE A, AOC, S25 

CSA6 S25: 



05B3 

05:33 

O585 

OSBB 

OSCS 

Oscs 
CSC8 

O5CB 

859914 

E514 
B4E005 
752FF 

8000 

E509 

B4FFO2 

8008 

750AFF 

85,499 

C298 

1205CC 

2CSCC 

22 

751 119 

1205D6 

D51 FA 
22 

751 off 

OO 

00 

OO 

OO 

OO 

00 

00 

CO 

OO 

OO 

OO 

OO 

00 

D510 
22 

5,508,911 
59 60 

DR 20, SBUF read the character. 
DR A, 20 

CBNE A, #RESETCHAR, S3; if not the "reset thyself" character, go on. 
IDR 18 OFFH ; set the "reset thyself" flag. 
BRA S4 

S3: 

ceNE A. A13, S4 ; if it’s a carriage return, skip it. A return. 
BRA SO 

S4: 

R AR9 ; get the defect XMI flag. 
CBNE A, #OFFH, S5 ; if it's not set, then set the pass-thru flag 
BRA S10 ; else return front interrupt service wo XMIT. 

S5: LOR 0AH, iOFFH. ; set the pass-thru flag. 

EER SBUF, 20 ; retransmit the character out the ser, port 
BCR SCON_o ; clear the received serial interrupt bit 

S10: 

P.I. ACC festore accumulator. 
REI return. 

as a A w w w a a a sa or a re r a rare a wrest with . . . . www . . . . . . . . . . . . . . . . . . . . . . . 
WAT2COMS: 

CAii.I. WA00MS 

CALL. WA. OOMS 

RE 

rrrrrrrrrrrr n w w w w r s is a wr www.ra www a aws a w w w w w x * r n w w a n w w . . . . . . . . . . wr 
WATOOMs: 

LOR 17, #19 

W1 01: CAL WAT4MS 

dBN2. 17, wo 
RET 

y w w w k h w w w w w w w w w w w we w w w whese A k we k.k kre w w k k kyk A. W. A. A k while dyve trf wyr what why A sk 

WATAMS: LDR 16, goFFH 

WAT: NCP 

NCP 

NOP 

NOP 

NOP 

NOP 

NO 

NCP 

NOP 

NOP 

NOP 

NOP 

NO 

DBN2. 16, WAT 

RET 
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O4- 9-94 
O8:24:12 

PAIST 



CSEA 

OSEA 

O5EC 

OSEF 

OF 

OSFA 

OSFA 

G5FC 

CSFE 

O60 

0603 

0606 

06O7 

607 

060A 

0622 

O625 

O628 

062B 

C62 

0.63 

(3634 

063 

287 

12O5d6 

c287 

22 

1205D6 
c287 

d287 

22 

o285 

C286 

ES' 

840 104 

1205EA 

22 

1205F2 

22 

C285 

C286 

120SEA 

22 

1205cc 

C287 

C285 

286 

759.030 

205d6 

205EA 

2056 

2O5EA 

12O60s 

59C38 

12060B 

59008 

2060B 

61 
5,508,911 

62 

e s A was . . . . . . . . . . . . . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . we . . . . . . . . . . . . . . www.wrwr. r 

ETOGILCD: 
BSE 

CALL 

BCLR 

RET 

ENABLE 

WAT4MS 

ENABLE 

-- www.ess is a ris arrrrr is . . . . . . . . . . . . . . . . . . . . . as as a r s arrrrt as a et as a a 

E TOGLVF : 
CALL 

BCR 

BSET 

RET 

WAT4MS 

ENABLE 

ENABLE 

rear errs - r A . . . . . . . . . . . . . . . . . . . . . . . . . . www a r s is a was ree err a writer wrie e s a raw w 
DATA: 

BSEI 

BCLR 

LDR 

C3NE 

CALL 

RE 

AAV: 

CA. 

RET 

RS was a e 

RW 

A, 31 
A, #1, DATAV 

ETOGL, LCD 

EToGIVF 

. . . . . . . . . was a raw . . . . . . . . . . . . . . . . . . a as a sea was was saw a was were www.wrwr-rre arr rate 
NSTRUCT: 

BCR 

BCLR 

C.A.L. 

RET 

RS 

RN 

e TOGLLC 

a r A . . . . . . . . . . . . . . terrrr A a wrwr. t w w w w w w w are Art a wrer wrest test r 
ENIT LCD: 

CAL. . 

BCR 

BCR 

CLR 

R 

CALL 

CALI. 

CA. 

CALL 

CA. 

LoR 

CALL 

DR 

CALL, 

WAOOMS 

ENABLE 

RS 

P1, #3OH ; set 8-bit, i line, 5x7 
WAT4MS 

ETOGLLCD 
WAT4MS 

ETOGL, LCD 
INSTRUCT 

Pl, M38H ; set 8-bit 2 line, 5x7 
INSTRUCT 

P, 08H ; set display off, no cursor, no blink 
INSTRUCT 
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63a 

06.30 

O640 

C643 

7.59001 

12O608 

7.59006 

20608 

759.020 

205FA 

7.59052 
1205FA 

7.59045 

205 FA 

7.59041 

1205FA 

7.59044 

2O5FA 

7.59059 

20.5FA 

7.5902O 

205FA 

7.59054 

205FA 

7.5904F 

12C5FA 

7.59020 

1205FA 

759.042 

1205FA 

759,045 

205FA 
7.59047 
205FA 

7.59049 
12CSFA 

7.5904E 

12C5FA 
22 

D287 

D285 

1205cc 
205CC 

1205CC 

1205CC 

1205CC 

63 

READY: 

a wres wr rw a k . . . . . . . . . . A A its A A k . . . . . . . . . . . . . . * r * r * r a r * * * * 
INIT VF: 

DR 

CALL 

LDR 

CALL 

LDR 

CALL 

LDR 

CALL 

CALI. 

LDR 

CA.L. 

LOR 

CALL 

LEDR 

CALE 

LOR 

CALL 

LOR 

CALL 

OR 

CALL 

LDR 

CALI. 

DR 

CALL 

DR 

CALE 

LDR 

CA.L. 

LDR 

CAL. 

LDR 

CA.. 

RET 

BSET 

BSET 

CALL 

CALL 

CAT.I. 

CALL 

CALL 

P1, OH 
SRUCT 

P1, C6H 
INSTRUCT 

psy" " 

DATA 

Pl, "R" 
DATA 

pi, "E" 

P1 g'D'" 

ATA 

pi, "y" 

DATA 

p1, y' " 

DATA 

p1, "T" 

DATA 

Pl, #'o' 
DATA 

p, y" " 

DATA 

P1, "B" 
DATA 

ph "I" 

OAA 

Pl, "N" 
ATA 

WR 
TEST 
WATCOMS 

A COMS 

WACOMS 

wATCOMS 

A1 COMS 

5,508,911 

set display clear 

set increment +1, no shift 

cursor visible & blinking. 

64 
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0000 
OOOO 

00F0 

00E0 
Od 

0C7 

00C6 

00cs 
00C4 
OOC3 
OOC2 

00c 

00B8 
00BC 

OOA8 

00A0 
O099 
O098 
0.090 

008) 

O08C 

O088 

OOBA 

0089 

0.088 

0087 

O583 

O082 

OOB1 

0080 

OOOO 

OOO1 
O}} 

0003 
OOO4 

OOOS 

O008 

OOC 

O008 

009 

000A 

OOOB 

000c 

OOOD 

000E 

2 

71 

CPU 

HoF 

5,508,911 

"DSSOOOTBL" 

"INTB' 

; define variable 
EQU 
EQU 
EQU 
EQU 
EQU 

EQU 
EQU 
EQU 

EQU 
EQU 

EQU 
EQU 
EQU 
EQ. 
EQU 
EQU 
EQU 

EQU 
EQU 
EQU 

EQU 
EQ) 
EQU 
EQU 
EQU 
EQ 
ECU 
EQU 

EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQC) 
EQU 
EQU 
EQU 
EQU 
EQU 
EQ 
EQU 
EQU 

OFOh 
0EO 

Odo 

Och 
OCSh 
OCS 

OCH 

OOOH 

OO1 

CO2: 

003H 

004: 

005.H. 
006 

007 

008: 

009 

COA 

OOBH 

occh 
Od 

0DE 

names for special Function Registers 
B register for 4U. S. DIW, 00 
accumulator, 0.0 
program status word 00 
timed access, 22 
namory control, RT 
encryption key 4, RT 
encryption key 3, RT 
encryption key 2, RT 
encryption key 1, RT 
encryption kay 0, RT 
interrupt priority control, 0. 
port 3 latch, FF 
interrupt enable control, 00 
port. 2 latch. FF 
serial data buffer, 72 
serial control, 0.0 
port 1 atch FF 
timer high byte, 00 
timer 0 high byte, 00 
timer 1 low byte, 00 
timer 0 low byte, 00 
tiruer rode select 00 
timer control, 00 
power control, RT 
data pointer high byte, 00 
data pointer low byte, 00 
stack pointer, 07 
port O latch, FF 

72 

APPEJPX 2. 
to Fc. IOA- O2 

Page 
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700 

O700 

of 03 

0706 

or 09 

O718 

oA 

07.3 

Od 

07 F 

0.720 

0.72 

o28 

0.72F 

07.32 

07.3F 

75A380 

75892 

758DE8 

75.885 

9000 

7400 

FO 

7F10 

7E00 
A3 

OE 

BEOOO6 

OF 

BF2002 

800S 

7400 

Fo 

80F.) 

90 1000 
7EFF 

79 

ERE: 

Os 

: 

ERE2: 

ORG 

OR 

IR 

DR 

R 

LOR 

OR 

R 

DR 

LDR 

LDX 

R 

DR 

INC 

INC 

CBNE 

NC 

CBNE 

BRA 

LDR 

BRA 

LDR 

LOR 

DR 

BSE 

CALL. 

BCR 

BSET 

OOO 

PO, OFF: 
P240H 

SCON, 48H 

IEC, 80 

TMOE, 21H 

TH, 0EBH 
TCON, 50 
dPTR10003 

A yOOH 
epTRA 

R70 
R600H 
TR 

R 

R7, 20, 

A 000H 
DPTRA 

DPTR, 1000H 
R6, OFFH 

R. 4d 

P25 
R7, OOH 

DELAY READ 
P25 

5,508,911 
80 

4Bhs"K" is row 6 col 3 
4ch="L" is row 6 col 4 
4Dhe "M" is row 6 col 5 

turn LED off, other bits to zeroes 
-enable 8-bit UART, Oxx xxxx. 
force 9th serial bit to 1 always, xxxx 1xxx. 
disable all interrupts, xxx xxxx. 
but especially tingr interrupt. 
which is required for baud generation. 
set timer to 8-bit soft reload node 
xx0 xx & timer 0 to 16-bit mode. 

load timer with reload value for 1200 baud 

enable time enable tither 0. 
set data pointer to minimum, ie bot of stack. 
for the data buffer. 

This requirese the Partition be set to 1000h. 
load the accurauiator with 00h. 

load memory pointered to by DPTR with 00h. 
use R7R6 to sizaulate DETR 

if low byte not zero, branch ahead. 

if high byte not 20h, branch ahead. 

otherwise, data meraory initialized to 00h. 
so branch ahead to continue with rest. 

; else load 00h into data memory via accua. 

loop back & continue in tializing data maat. 

re-initialize data pointer. 
Register 6 is the single/double beep flag, 
initializad to single beep. 

initialize R1 to max memory add needed. 
read row 6 

reset flag that signalis rows 1,2,5, 6. 

read row 5 
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3. 

o6. 

8 

AF 

51 

s3 

oss 

oss 

Os 

OSC 

SE 

761 

763 

65 

767 

O5. 

76 

O3 

s 

8 

779 

o 

c 

7F 

08 

84 

8 

89. 

8 

foo 

1275F 

c2. 

22 

Fo 

20.8F 

22 

2. 

Fo 

126 

C2 

2AO 

Foo 

20 SF 

C2C 

2034 

B 

co 

Fe 

s 

19 

9 

9 
g 

58FF 

8 

5302 

Aoots 

B 

12099 

299 

81 

R 

CALL 

ck 

BS 

R 

C. 

scr 

SET 

o 

CA. 

R 

s 

OR 

CA 

BcLR 

DELAY READ: 
OR 

C 

B2. 

se 

R 

c. 

c. 

R700 

DELAY READ 
p24 

P23 
R7,01 

DELAY READ 
P23 

P22 
rol 

pELAY READ 
P22 

P21 
RT too 

DELAY READ 
P21 

P20 
R 00 

DELAY READ 
P20 

HERE2 

R3 04 

R 

R 

R 

R 

r 

Po, OFF 
R2, Po 
R2, F. 

R2, .oOHND2 

RoR 

Roy O. 

Roy O. 

5,508,911 
82 

reset flag that signals rows 256 

resid Eow 4 

set flag that signals row 3 or 4. 

read row 3 

set flag that signals row 3 or 4. 

read row 2 

reset flag that signals rows 12,56. 

read row 1 

reset flag that signals rows 25, 6. 

elay Read subroutines. 
R3 is a timing loop constant. 

R4 is another timing locos constant. 
another internal delay loop. 

decreat r1 five tices. 

R now contains the base addr less . 
write is to Port 0. 

read Port 0 into R2. 

aask out uncorrected bits. 

if retaining bits not all or branch ahead. 

alse enter a zero bit for this sapling. 
now RO has the base address. 

call the retation subroutine. 

to record closed as open switches. 

Page s 
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PASS 



Oss 

O798 

O799 

O9A 

s 

osc 

ogo 

ose 

osF 

OAO 

O2 

A3 

OA4 

Af 

A8 

AA 

As 

OC 

AE 

B 

c1 

s2 

0735 

O 

B8 

B9 

O 

B 

C 

se 

7F 

occo 

Oc 

OC4 

oics 

Oc 

O3 

83 

20799 

2099 

2099 

22 

08 ROTC: 
E6 

cs 

3 

s 

22 

2405 

3. 

Es 

BA3 

3 

80 

c3 No.25: 

3 2. 

F6 

E9 3: 

240 

3A203 

81 

c3 35 

13 37 

5 

E9 4: 

43 

Fs 

A0403 

800 

c S. 

47 

F8 

CA. 

CA. 

C. 

RET 

R 

R 

R 

RRC 

R 

RE 

R 

ADO 

R 

R 

CNE 

SET 

BRA 

R 

R 

R 

OR 

R 

BNE 

BSE 

BRA 

R 

R 

R 

R 

A. 

OR 

R 

C3NE 

BSE 

RA 

R 

Rt. 

R 

ROTO 

RoTo 

ROTO 

R 

a R0 

ROA 

R 
A, is 

ROA 
ARO 
R2,01,No.25 
c 

Nd2 

RCA 

AR 
A 4 

ROA 
ARO 
R2,023s 
c 

37 

c 

ROA 

AR 

A, 3 
ROA 
A RO 
R2, 4.Nd5 
c 

ad 

C 

A. 

RCA 

5,508,911 
84 

return from Dallay & Read subroutine. 

Rotation sarottie. 

load (RO into accumulator A 
clear the carry bit 
rotate right with carry going into MS8. 
load accumulator a back into (RO). 

load accuraulator with R, the base addr. 
add 5 to R1 in accuruulator. 

load accuratator with MR1s. 

branch ahead if R2 isn't coluru. S. 
if it is set the carry bit 
ther branch ahead. 

if it isn't then cliea, the carry bit 
now rotate the carry bit into the ce. 
save accuratator to (R-S). 

do it all again for Rt 4). 
add to R in accumulator. 

branch ahead if R2 isn't 02, column 4. 

add 3 to Ri 

branch ahead if R2 isn't 4 column 3. 

page 
9-9. 
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87 88 

age 9 

Cs-19-94 

04:29 

ABS 

8 22 Nd: RET return 

ob sco BEEPER or THo 80 ; if pattern is good (i.e. 0F0), then 
8E S8A TLO, OOH load titler with a tirring constant. 
81 72 R Rs.2E load R5 with a timing constant loop counter. 
813 EO DR R6R7 

as E0003 CE R5 OBEEPC see if single length beep requested. 
8 E o ARS load accuraulator with R5. 

oss 23 R ; shift up one time. 
O. F. DR R5A ; load aceticulator back into Rs. 
obs 2A EEP SET p27 turn on the beeper. 

d 29 BSE IEC 1 ; enable titler 0 interrupts. 
8F 63A04 XOR P24 toggle Led 

SBUFRG send out the serial characters add in R. 
82.2 E8 dR ARO copy the character to the accumulator. 

0823. Fo d eopTA save the character on to the stack. 

O24 A3 TR incretaert R. 

O82S 38.3326 CNE R0, 39HBEEPEX ; test key pressed for Position K. 

082 900 R DPTR1000H initialize or to 1000. 

82b EO BP22: X AdR ; load accur with data from data memory. 
082c 3902 CEE a 39H, sp23 branch to output the character. 

082F bo 3RA E29 branch ahead if it's the download character. 

83 EO 323: X ADPTR eise get the data from data memory. 

O832 S99 R SBUFA copy the data from accurs to serial buffer. 
83 A3 N PTR increment PTR to next data. 

now delay to allow PC prograa to catch up. 
O83S S380 BP2 R R8, 80 load R8 with dh. 

O838 isso . R9, too load R9 with 00h. 
83 Oc 328 

83 Os 

83rd OO o 

8E O 

83 Oc p 

80 o 

OS 

32 op 

343 SOS BN R9 BP28 

O46 GOE BN R8, sp27 

9 Eo BRA B22 loop back for score. 

84b 9000 Br29: R DPTR, Oooh re-initialize PTR for next download. 

08AE 22 BEEF-Exs RET return from subroutine. 
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Borderstyle in 
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