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DESCRIPTION OF THE PREFERRED
EMBODIMENT

MOVING VEHICLE MONITORING SYSTEM .

Drawings

FIELD OF THE INVENTION
This invention relates to a system for and a method of

recording information thereby creating a detailed re
cord of the operation of a machine, particularly a motor
vehicle, over a period of time.
BACKGROUND OF THE INVENTION
It is often desirable to obtain a record of the operation
of a machine over a period of time. This is particularly
true in the case of trucks and other motor vehicles
where the record can be used ‘to determine operating

costs, to check operator performance, and to monitor
the need for maintenance.
In the prior art, a chart recorder, usually connected
to the drive train or transmission of a vehicle, has been
used to create a graphical record of vehicle speed and

5

We now turn to a description of the preferred em

bodiment after ?rst brie?y describing the drawings.
FIG. 1 is a block diagram of the system of this inven

tion,
FIG. 2 is a circuit diagram of a portion of the system
of FIG. 1, and
FIG. 3 in a ?ow chart of a program for use with the

system of FIG. 1.
Structure

Referring to FIG. 1, a system for recording is shown
at 50. A transducer (not shown), which may be a Yel

low Jacket transducer from MassTech of Worcester,
Mass, is connected to the transmission of a vehicle in a
manner well known in the art so that pulses are gener
ated as the drive shaft turns. An alternate connection

distance traveled. Engine speed has also been recorded
with this type of device. The chart recorder, however,

,may be made to the speedometer cable.
The pulses from the transducer are fed to a control

has a number of serious drawbacks. Acceleration and
deceleration information cannot be obtained from the
chart at all, and the analog information which is on the

logic unit 4. Specifically, as shown in FIG. 2, the input
line from the transducer is one input of OR gate 11. The
other input for OR gate 11 is from a data processing
system 25, shown dotted in FIG. 1. The output from
OR gate 11 is fed to the set input for ?ip-?op 14, and the
output of ?ip-?op 14 is fed to the EF3 input of a micro
processor 6. Microprocessor 6 is an RCA/Hughes 1802
microprocessor. The reset input for ?ip-flop 14 is con
nected to decoder 17, and the reset signal is a function

chart can only be visually read thereby precluding any
automatic data processing of the information.
Another type of prior art device is a magnetic tape
recorder. While digital information on the resulting
tape can be processed automatically, the devices which,
are very costly, still do not record velocity information
with suf?cient accuracy to provide acceleration and
deceleration information.

SUMMARY OF THE INVENTION
I have discovered a microprocessor-based digital
system for recording machine information (e.g., motor

of N0, N1, N2 and timing signal TPB from micro
processor 6. This reset signal from the decoder 17,
35 which is a Motorola 4028, is also fed to the data process

ing system 25 through the data ready line.

A similar arrangement exists for an engine RPM line,
which carries pulses associated with the rpm of the

vehicle velocity and distance information) including

engine of the vehicle. A transducer connected to a ta

acceleration and deceleration data, which system com

chometer cable is used to generate these pulses. The line
carrying the RPM pulses is fed into a set input of a

presses and stores quantized pulses generated by a trans
ducer to provide a precise record of machine operation
over a period of time.
In a preferred embodiment, a transducer attached to

?ip-?op 13 of the control logic 4. The output of ?ip-?op
13 is sent to the EF2 input of microprocessor 6, and the
?ip-?op 13 is reset by a signal from the decoder 17,

a vehicle’s transmission produces a number of pulses per 45 which is a function of N0, N1, N2 and timing signal

TPB from microprocessor 6.
second, which number is proportional to vehicle speed.
A timing unit 1 comprising a clock circuit 22 and a
The number of pulses per second is counted and quan
counter
23 feeds its output clock signal to the set input
tized by a microprocessor into one of sixteen pre
of
a
third
?ip-?op 12 of the control logic 4. The output
selected speed ranges or velocity quanta. A number of
of
the
?ip-?op
12 is connected to the EFI input of
50
tests are then performed involving a comparison of the
microprocessor'6, and the ?ip-?op 12 is reset by a signal
latest range with the immediately preceeding ones, and
from the decoder 17, which is also a function of N0, N1,
based on this comparison, a decision is automatically
made to record or not record the latest range. For ex

ample, the recording is made unless the comparison
shows a repetitive condition. Further, depending on the
relationship of the range with the previous ones, the
data may be compressed with the previously recorded
data. The results are stored in a memory and can later

be called up and printed out. Accordingly, because of

the non-recording of repetitive information and the
compression, a long, continuous recording may be

N2 and timing signal TPB.
A key switch 3, which is comprised of a two pole

switch 26 with one pole connected to ground in series
with a button switch 27, is connected to the set input of

a fourth ?ip-?op 15. The output of the ?ip-?op 15 is
connected to the EF4 input of the microprocessor 6.
The reset of ?ip-?op 15 is activated through the de
coder 17 in the same manner as resets of the other ?ip

?ops 12, 13 and 14. The ?ip-?ops are all Motorola 4013.
The output of the key switch 3 is also connected to an
stored in a relatively small memory with suf?cient accu
operating mode selector 2, which, as shown in FIG. 2,
racy to preserve changes of speed data for acceleration
is a three-pole switch. The outputs from each of the
and deceleration information. Furthermore, the com 65 three poles are connected to three buffers 16 which also
pression technique does not result in approximations,
receive the reset signal for ?ip-?op 15. The outputs of
and therefore the speed information can be accurately
the buffers 16 are connected to a bi-directional data bus
reproduced.
‘
9. Another buffer 16’ which receives an input from the
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ignition switch of the vehicle 24 also has its output
connected to the data bus 9. The buffers are‘all Motor
ola 4503.
The data bus 9 is connected in a bi-directional manner

between the data processing system 25, the micro
processor 6 and a random access memory 8. A read

only-memory 7 may input information onto the bus 9.
The read-only-memory 7 and the random access mem
ory 8 are also connected to the microprocessor 6 by an _
address bus 10.

-

A status display 5 is also connected to the data bus 9.

The status display 5 comprises a pair of latches 18, 19,
each of which receives an input from the bus 9 and
sends an output to a corresponding light-emitting diode
20, 21. The latches 18, 19 are also connected to the
decoder 17. The latches are Motorola 4013.
All the logic is CMOS logic to lessen the effects of
noise and other outside interference on the operation of
the circuit. All the inputs not shown in the drawings are
tied to ground or to the +5 V power source (not
shown) to eliminate noise.

'

Operation
When the two-pole switch 26 of key switch 3 is
closed, its pushbutton 27 can be activated thereby set
ting ?ip-tlop 15. The microprocessor 6 senses that the
?ip-?op 15 has been set, and it generates a signal via
decoder 17 to reset ?ip-?op 5. At the same time, this

4

Initially, the microprocessor 6 counts the number of
pulses from the transducer in the vehicle 24. A similar
count may be simultaneously made for the RPM pulses.
The time interupt function depends on the time interval
between pulses of the timing unit 1, e.g., one second in
the preferred embodiment. If at a particular point in
time (t1) the value of the interval (one second) has not
been reached from the start time (to), the N (no) path is
followed to sense for a transmission (transducer) switch

closing which would generate a pulse. If there is no
closure and thus no pulse, the sensing repeats at the next
time (t2). If a closure is detected, the counter is updated
by a value of one, and the updating continues in this
manner until the timing unit interval (one second) has
been reached. Thus, a number of pulses, which number
is proportional to vehicle speed, is obtained for the
timing interval. This number is then quantizied into one

of m pre-selected velocity values. Preferably sixteen
such values are used. The sixteen categories are pre

selected depending upon the likely operating conditions
of the vehicle. For example, for a truck which will be
primarily traveling on a highway, the range of speeds

from 45 to 65 mph would probably be most important.
Therefore, the quantized ranges or velocity quantums
are selected so that the lower speeds (0—45 mph) and

higher speeds (65-85 mph) are covered by ranges of
:27 mph (a total swing of 5.4 mph). The range of
speeds of more interest are covered by groups of :18

mph (a 3.6 mph total), and the range of most interest by
output signal gates the buffers 16 and 16’ and the infor
groups
of $0.9 mph (a 1.8 mph range). The latter
mation from the operating mode selector 2 and from the
would be used around 55 mph.
ignition switch of the vehicle 24 is sent to the data bus
As shown on the flow chart of FIG. 3, once a cate
9. Depending on the position of the switch of the oper
gory or velocity quantum has been chosen based on the
ating mode selector 2 when the buffers 16 are gated, the
number of pulses counted, a recording is made of that
system performs one of three functions:
35 quantum only if certain conditions are met. This is to
1. It clears the data memory 8,
avoid the need for blindly recording at each interval
2. It acquires data in data memory 8, or
(one second in the preferred embodiment) if there is a
3. It outputs data from data memory 8.
steady state condition, i.e., constant speed, constant
The system status is shown by the LEDS 20, 21 of the
acceleration or constant deceleration. For example, as
status display 5.
shown on the record chart of FIG. 3, a recording is

For a new recording, the connections are made to the
made at a time n under eight conditions which fall into
vehicle as shown in FIG. 1. The data processing system
three speci?c categories. A recording is made at time n
is not connected for this recording mode of operation.
if there has been a unidirectional change in speed fol
The memory is then cleared and the data acquisition
lowed by two seconds of constant speed, as shown by
function is then selected. Thenumber of pulses in a 45 examples 1 and 2. A recording is also made if there is
given time period is directly proportional to the speed
two seconds of constant speed followed by a change of
of the rotation of the drive shaft and the speed of the
speed, as in examples 3 and 4. Finally, speed reversals
vehicle. As the vehicle begins to move, pulses from the
within the last two or three seconds, as shown in exam
transducer attached to the vehicle transmission are sent
ples 5-8, result in a recording at time n. An additional
through OR gate 11 to set ?ip-?op 14. Each time the
recording condition (not shown) can be added. There,
microprocessor 6 detects that ?ip-?op 14 has been set, it
to give a periodic reference, a recording can be made
generates an output command via decoder 17 to reset
after a predetermined number of time intervals at a
the ?ip-?op 14.
constant speed. Otherwise, a continuous (3 seconds or
Similarly, pulses from the RPM pickup set ?ip-flop
longer) steady speed would not result in another re
13, which is then reset by a command signal from the 55 cording until one of the identi?ed change occurs.
microprocessor 6 via decoder 17. Also, the timing unit
The next step is to determine whether the recorded
1 produces pulses at one second intervals which set
information can be compressed, and this depends upon
?ip-?op 12, and ?ip-?op 12 is reset by a command sig
the relationship of the successive recorded data. The
nal from the microprocessor via decoder 17. The inter
compression criteria is indicated by the equations:
val of the pulses of the timing unit 1 determines the time
interval between recorded speeds, as will hereinafter be

explained in more detail. For slower vehicles or ma

V, represents the last recorded speed, and q represents
the velocity quantums or speed ranges adjacent to (im
65 mediately above and below) that of the quantum for the
val of 0.5 seconds may be'desi'rable.
'
last recorded speed V,. If the next to last recorded
Program memory‘7 contains the program which con
chines, a longer interval of 1.5 seconds may be used. For

faster vehicles subject to rapid speed changes, an inter

trols the operation of the system. A ?ow chart of the
program is shown in FIG. 3.

speed V,_1 is in either the quantums above or below
that of the last recorded speed V, and the same relation

5

4,395,624

6

third ?ip-?op being received by said microprocessor

ship exists for the next to last recorded speed V,_1 and
its immediate predecessor V,_2, then V, and V,_1 are

and reset by a control signal from said microprocessor

compressed into a single recording, thereby saving half

whereby the RPM pulses are counted for the pre

the memory space which would otherwise be required
to record both. To allow the reproduction of the exact

selected timing period.

relationship of the compressed speeds, a separate regis
ter stores con?guration information, i.e., whether V,.]

cording only records a given quantum if the comparison
by said means for comparing indicates the non-uniform
change in the machine parameter has occurred within
the last three timing periods.

7. The system of claim 1 wherein said means for re

is from the velocity quantum above or below that of V,.
The sequence is then repeated for the next time interval.
Of course, it should be understood that the quantizing, 0 8. The system of claim 1 wherein said means for re
recording decisions and compression occur much more
cording additionally records a quantum at a selected
rapidly than the switch closures even at the highest
interval greater than three timing periods even if the
.

speed.

machine parameter is uniform or even if there is a uni

RPM information is obtained and stored in the same
manner.

15

Thus, with these recording and compression tech

form parameter change over the selected interval.
9. The system of claim 1 wherein said means for re

cording compresses two sequential quanta into a single

niques, a continuous recording of several days can be

recorded quantum if the two sequential quanta are re

' made with a modest size memory.

lated.

.

When the recorded data is desired, the operating
10. The system of claim 9 wherein the compression
mode selector 2 is changed to the output data mode, and 20 occurs if the ?rst of the two quantums is adjacent to the
the information is sent via the data bus 9 to the data
second quantum, and the next quantum is adjacent to
processing system 25 for analysis and/or printout. '
the ?rst quantum.
What is claimed is:
11. The system of claim 1 wherein said means for

1. A system for recording data concerning machine

operation, comprising:

25

a sensing means for generating machine pulses the
number of which per a pre-selected timing period is
related to the machine parameter or parameters to
be measured,
selecting means for choosing a number of quanta,
each selected quantum corresponding to a different
pre-selected operational level or range of the ma

13. A method of recording information concerning

machine operation comprising:
generating a series of pulses, the number of which per

pre-selected timing period is related to the machine
parameter or parameters to be measured,
35

means for counting the machine pulses for said pre
selected timing period and selecting the actual ‘
quantum into which the number of counted pulses

counting the series of pulses received in said pre

selected timing period,

previous quantum or quanta, and

selecting the actual quantum into which the number

means for recording the actual quantum if the com

of counted pulses falls,

parison of the actual quantum with the previous

comparing the actual quantum with some previous

quantum or quanta indicates a non-uniform change
45

2. The system of claim 1 wherein said means for

3. The system of claim 2 wherein the control signal is
generated by a decoder connected to said microproces
sor.

tional level or range of the machine and at least
some of which quanta corresponding to more than

one number of machine pulses per said timing per

falls,

counting comprises a ?rst ?ip-?op and a microproces
sor, said ?ip-?op being set by each pulse from said
sensing means thereby sending its output to said micro
processor which resets said ?ip-flop by a control signal.

selecting a number of quanta, each selected quantum
corresponding to a different pre-selected opera

iod,

means for comparing the actual quantum with some

. in the machine parameter.

12. The system of claim 1 wherein speed is the ma
chine parameter to be recorded and the quanta are ve

locity quanta.

chine, and at least some of which quanta corre
sponding to more than one number of machine

pulses per said timing period,

recording includes a random access memory.

quantum or quanta, and

_

recording the actual quantum if the comparison of the
actual quantum with the previous quanta or quan
tum indicates a non-uniform change in the machine

parameter.
50

14. The method of claim 13 wherein recording in

cludes recording the quantum only if the comparing
shows that there has been a non-uniform change in the

machine parameter within the last three timing periods.

4. The system of claim 2 wherein said means for

15. The method of claim 14 wherein recording also

counting includes a second ?ip-?op, said second ?ip
?op being set by pulses from a timing unit, the interval

55 includes recording a quantum at a selected interval

of the timing pulses being constant, said second ?ip-?op

eter is uniform or if there is a uniform parameter change

sending an output to said microprocessor and being
reset by said microprocessor whereby the interval of

over the selected interval.

greater than three timing periods if the machine param
'

16. The method of claim 13 further comprising com
the timing pulses is the pre-selected timing period for 60 paring two sequential quanta to determine if they are
suf?ciently related, and if so, compressing them into a
counting the machine pulses.

single quantum for recording.
5. The system of claim 4 wherein said timing unit
17. The method of claim 16 wherein the compressing
comprises a clock, said clock feeding a counter which
occurs if the ?rst of the two quantums is adjacent to the
produces the timing pulses.
_
6. The system of claim 4 wherein said means for 65 second, and the next earlier quantum is adjacent to the
?rst quantum.
counting includes a third ?ip-?op which is set by RPM
*
t
*
*
*
pulses from a second sensing means, the output of said

