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[57] ABSTRACT

An apparatus is provided for processing data derived
from the weight of a load carried by a haulage vehicle
for generating information concerning haulage cycles
executed by the vehicle. The apparatus includes a sen-
sor processing unit for receiving data from pressure
transducers and, in response thereto, detects a change in
the weight of the load and formulates data indicative of
hauling conditions of the vehicle. Pressure data and
indications of changes in the data are used by the sensor
processing unit to establish a historical data base from
which various hauling parameters may be monitored
either by the sensor processing unit itself or by a re-
motely located central station linked to the on-board
processing unit. Preferably, additional sensors are
added to the vehicle to provide additional data that,
when taken with the weight data, provides a historical
data base which more completely reflects vehicle oper-
ating conditions. The accumulated data of the historical
data base are used to formulate management decisions
directed to the future operation of the vehicle and with
this operation then intended to achieve a predetermined
management goal.
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APPARATUS AND METHOD RESPONSIVE TO
THE ON-BOARD MEASURING OF HAULAGE
PARAMETERS OF A VEHICLE

This application is a continuation of Ser. No.
07/964,126, filed Oct. 20, 1992, now abandoned, which
is a continuation of Ser. No. 07/351,179, filed May 12,
1989, now abandoned, which is a continuation-in-part of
Ser. No. 06/910,648, filed Sep. 23, 1986, now U.S. Pat.
No. 4,845,648, which is a continuation-in-part of Ser.
No. 06/874,273, filed Jun. 13, 1986, now U.S. Pat. No.
4,831,539, which is a continuation-in-part of Ser. No.
06/717,042, filed Apr. 1, 1985, now U.S. Pat. No.
4,839,835, which is a continuation-in-part of Ser. No.
06/604,739, filed Apr. 27, 1984, now U.S. Pat. No.
4,630,227.

TECHNICAL FIELD

The invention generally relates to the measuring of
operating parameters of haulage vehicles and, more
particularly, to the measuring and acquisition of data
indicative of hauling conditions for haulage vehicles
and collecting the data to create a historical data base
for use in vehicle management.

BACKGROUND

Haulage vehicles are used in many diverse applica-
tions. For example, they are used to haul waste in urban
areas and also to move earthen material in an environ-
ment such as an open-pit mine. The use of haulage vehi-
cles in these types of environments typically require
special construction considerations, making the vehicle
the largest cost item in the operation. Replacement of
the vehicles, which is necessary from time to time, in-
volves large expenditures of capital. These and other
factors have led vehicle fleet operators to search for
ways to improve the effectiveness of the vehicles in
order to lower costs and maintain a profitable operation
in the face of declining markets and increasing, world-
wide competition.

Often, haulage vehicles are subjected during their
routine use to loads which differ greatly in weight be-
cause of different material density and/or the ability of
some material to more tightly pack when loaded into
the body of the vehicle. As a result, vehicle bodies
which are generally filled to their full volume capacity
may carry weight loads which exceed the weight ca-
pacity of the vehicle. Repeated occurrences of over-
loading result in the premature deterioration of the
structural integrity of the vehicle, thus requiring repair
or replacement of parts before anticipated. In order to
avoid the damage caused by overloading, the vehicle
body can be filled to a volume which assures the vehicle
is not overloaded even for the most dense material.
Although underloading may prevent the premature
deterioration of the structural integrity of the vehicle, it
sacrifices the vehicle’s load-hauling efficiency. There-
fore, a vehicle which is expensive to operate becomes
even more expensive to operate when it is underloaded.
Accordingly, there is a need to precisely measure the
Joad carried by a haulage vehicle. This need has stimu-
lated the development of on-board weighing devices
that monitor and measure the vehicle’s load.

Of course, in order to measure the on-board weight of
a load carried by a vehicle, the vehicle must necessarily
incorporate load sensors into its frame and/or body. In
a dump-body vehicle, the body is movable on the frame
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of the vehicle between lowered and raised positions. To
provide for this movement, the body is usually attached
to the frame only by a pair of hinge assemblies and a
pair of hydraulic cylinders.

In one approach to provide an on-board weighing
device for a dump-body vehicle, load sensors are incor-
porated into the hinge assemblies and the hydraulic
cylinders. Accordingly, in order to measure the load,
the body must be lifted from its lowered position by the
hydraulic cylinders so that the weight of the load is
transferred to the frame through the cylinders and the
hinge assemblies. Although the accuracy of the load
measurements obtained from load sensors associated
with the hydraulic cylinders and the hinge assemblies is
satisfactory, the structural integrity of the vehicle may
be degraded by modifications of the hinge assemblies
and hydraulic cylinders required to incorporate the
load sensors. Moreover, the impact of falling material
onto the bed of the body is especially severe for the
frame of the vehicle when the body is lifted slightly
from its lowered position.

More important than the structural disadvantage of
on-board weighing devices which incorporate load
sensors in the hinge assemblies and hydraulic cylinders,
is the disadvantage of requiring the body to be lifted off
the frame in order to obtain a weight reading. Because
this requirement consumes valuable time otherwise
available for loading, hauling and unloading and be-
cause of the concentration of the load on the frame, the
operator of the vehicle is discouraged from weighing
the load; it is faster to approximate the load. Since the
on-board weighing device interferes with an efficient
and smooth hauling operation, there is a tendency to not
use the weighing device. Therefore, the advantage of

“this on-board weighing device in dump-body vehicles

has not been fully realized. Also, the requirement of
lifting the body off the frame in order to obtain a weight
measurement prevents continuous or periodic monitor-
ing of the body’s weight.

An approach to continuously monitoring and measur-
ing the load carried by a haulage vehicle, is to use pres-
sure gauges or similar type load sensors in the vehicle’s
suspension. Usually, in these types of weighing devices,
the fluid pressure within a hydraulic suspension cylin-
der is sensed. Because of the relatively short stroke of
the cylinder and the relatively large amount of fric-
tional resistance to the cylinder’s movement (the front
cylinders normally also serve as the front axle spindles),
the pressure reading is not a satisfactorily accurate indi-
cation of the vehicle’s weight. In addition, the modifica-
tion of the suspension to include load sensors opens the
possibility of degrading the suspension system.

Because haulage vehicles often represent the bulk of
the capital investment of a business utilizing such vehi-
cles, their efficient management is of great importance.
Even for small improvements in the efficiency of a
vehicle and its fleet, significant savings can be realized.
The lack of a convenient and accurate mechanism for
weighing loads carried by a haulage vehicle has to some
extent prevented such mechanisms from becoming im-
portant tools for effectively managing a vehicle. Man-
agement of individual haulage vehicles and vehicle
fleets has historically been less than desired since man-
agement decisions have been based on inadequate infor-
mation as to the day-to-day haulage performance of
each vehicle.
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SUMMARY OF THE INVENTION

It is the general object of the invention to provide an
apparatus and method for accurately measuring loading
and hauling parameters of a haulage vehicle and gener-
ate a data base for use in vehicle management. In this
connection, it is an object of the invention to accumu-
late data related to loading and hauling parameters of a
haulage vehicle and use the data to increase the effi-
ciency of loading and hauling and also to provide a
permanent record of vehicle use and the conditions
under which it has operated.

It is an important object of the invention to provide
an apparatus and method for measuring and indicating
loading and hauling parameters of a haulage vehicle in
order to provide an archive indicative of the type and
degrees of use the vehicle has experienced.

It is another object of the invention to extend the
usable life of a haulage vehicle by using loading and
hauling parameters to prevent the unnecessary deterio-
ration of the structural integrity of the vehicle resulting
from hauling abuses such as weight overloading.

It is a further object of the invention to eliminate the
inefficient hauling of loads by a haulage vehicle which
results from the under-utilization of the full weight
capacity of the vehicle and the uncoordinated routing
of vehicles in a work area.

Other objects and advantages of the invention will be
apparent from the following detailed description and
the accompanying drawings.

Briefly, in accordance with the invention an on-board
weighing device is provided for a haulage vehicle
which continuously monitors the weight of the body of
the vehicle on its frame. The body rests on the on-board
weighing device such that the device forms an interface
between the body and frame. A sensor processing unit
mounted on the vehicle is responsive to signals from the
on-board weighing device which are indicative of the
weight of the body. From the load signals of the on-
board weighing device, the sensor processing unit
forms a data base from which the vehicle’s hauling
performance is evaluated. Alternatively, haulage signals
from the on-board weighing device are received by the
sensor processing unit and transmitted from the vehicle
to a central station where the data base is formed. For a
fleet of vehicles, the data bases of all the vehicles may
be combined and used by the central station and its
operator to synthesize management decisions. More-
over, the haulage data may be and preferably is en-
hanced by supplementing the signals from the on-board
weighing device with signals from sensors that provide
information related to haulage. For example, a tilt
switch is preferably used in combination with the on-
board weighing device when the haulage vehicle em-
ploys a dump body. Distance and time signals also pro-
vide useful and in some applications necessary informa-
tion supplementing the weight data, depending on the
use made of the data base comprising the accumulated
data. Location data gathered from locally or remotely
based signposts are also very useful, again depending on
the application intended for the data base. Moreover,
the downloaded data can be used in connection with a
vehicle dispatch system whose dispatching decisions
are based on historical haulage data gathered to form a
data base.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1a is an elevated perspective view of a dump-
body vehicle with the vehicle body in a raised or dump
position so as to expose an on-board weighing device;

FIG. 1b is an enlarged elevated perspective view of
the dump-body vehicle in FIG. 1a that more clearly
shows the on-board weighing device;

FIG. 2 is an exploded perspective view of a vehicle
having a stationary body and supported on a frame
incorporating the on-board weighing device according
to the invention;

FIG. 3 is a system diagram of an on-board system
according to the invention for monitoring, storing and
analyzing vehicle parameters which includes the on-
board weighing device as well as other sensor inputs;

FIG. 4a is a cross-sectional view of one of the vehicle
body hinge assemblies joining the vehicle body and
frame, taken along the line 4a—4a in FIG. 15 and show-
ing three alternative pivot pin assemblies offered by
various vehicle manufacturers;

FIG. 4b is a sectional view of the vehicle hinge as-
sembly taken along the line 46—4b in FIG. 4a and
showing a suggested modification to one of the pivot
pin assemblies of FIG. 4a in order to make the hinge
assembly “‘free-floating”;

FIG. § is a side view of the preferred embodiment of
the on-board weighing device according to the inven-
tion, taken substantially along the line 5—5 in FIG. 15;

FIG. 6 is a schematic front view of the on-board
weighing device according to a first embodiment of the
invention, taken along the line 6—6 in FIG. 5;

FIG. 7 is a schematic front view of the preferred
embodiment for the on-board weighing device accord-
ing to the invention, taken along the line 7—7 in FIG. 5;

FIG. 8¢ is a cross-sectional view of the preferred
embodiment for the on-board weighing device accord-
ing to the invention, taken along the line 8a—8a in FIG.
5;

FIG. 8b is an enlarged partial side view of the on-
board weighing device taken along the line 856—8b in
FIG. 8a showing details of the means for securing the
device to the vehicle frame;

FIG. 9a is a plan view of a clamping subassembly of
the on-board weighing device;

FIG. 95 is an exploded end view of a clamp portion of
the clamping subassembly, taken along the line 95—95b
in FIG. 9a;

FIG. 10a is a side view of a heavy duty, off-road
vehicle illustrating the relative dimensions of the vehi-
cle used by the on-board weighing device of the inven-
tion to measure front and rear axial loads;

FIG. 10b is a side view of the heavy duty, off-road
vehicle of FIG. 10a with the vehicle body slightly
raised by the hoist cylinders in order for the on-board
weighing device to complete a determination of front
and rear axial loads;

FIGS. 11a and 11 are side views of a scraper vehicle
in its raised and lowered positions, respectively, illus-
trating the relative dimensions used to determine front
and rear axial loads;

FIGS. 11c and 114 are partially side views of the
scraper vehicle in FIGS. 112 and 115, respectively,
illustrating the relative positions of the vehicle’s hoist
cylinder and associated mechanisms;

FIG. 12 is a schematic diagram of a sensor processing
unit included in the on-board apparatus of FIG. 3;
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FIG. 13 is a schematic diagram of the temporary
memory space used in connection with the sensor pro-
cessing unit of FIG. 12;

FIGS. 14a-14m are flowchart diagrams for the soft-
ware utilized in connection with the sensor processing
unit of FIG. 12;

FIG. 15a is a system-level diagram illustrating a sys-
tem according to a first embodiment of the invention,
wherein stationary signposts cooperate with the on-
board apparatus of FIG. 12 to supply location and haul-
ing data to a central station for monitoring vehicle per-
formance and for controlling movement of the vehicle
fleet within a work area;

FIG. 15b is a system-level diagram illustrating a sys-
tem according to an alternative embodiment of the
invention;

FIGS. 16a and 16b are schematic diagrams of the
format used to transmit data from each vehicle to the
central station in FIGS. 15z and 15b and, if a control
function is operating from the central station to a de-
sired vehicle, respectively;

FIG. 17 is a schematic diagram illustrating the data
transfer links between (1) the stationary signposts and
the sensor processing unit of FIG. 12 on board each
vehicle and (2) the sensor processing unit and the re-
mote central station;

FIG. 18 is an enlarged, partial cross-sectional view of
the bed of the body of a vehicle in FIGS. 1542 or 155
showing an apparatus mounted below the bed as an
alternative to the on-board weighing device illustrated
in FIGS. 1a and 15 for sensing the presence of a load in
connection with the monitoring and controlling of the
vehicles of FIGS. 152 and 15b;

FIGS. 192-19d are schematic diagrams of the data
files formed in an electronic memory associated with
the central station of FIGS. 154 and 155 which receives
data from the on-board apparatus of various vehicles;

FIGS. 20 is a flowchart diagram for the software
program preferably implemented in connection with
the sensor processing unit of the on-board apparatus as
shown in FIG. 12;

FIGS. 21 through 24 are flowchart diagrams for the
software program of the central station preferably im-
plemented in connection with the vehicle location sys-
tem of FIG. 15a;

FIG. 25 illustrates a side view of a fixed-body vehicle
wherein the body is supported on the frame of the vehi-
cle by an on-board weighing device similar to that illus-
trated in FIGS. 1¢ and 15, and the vehicle includes an
on-board apparatus for providing location data accord-
ing to an alternative embodiment of the invention;

FIG. 26 is a schematic diagram of a sensor processing
unit for receiving and processing load data from the
on-board weighing device associated with the vehicle
illustrated in FIG. 25; and

FIG. 27 is a system-level diagram of the data transfer
of location and load data from on board the vehicle of
FIG. 25 to a remote central station via a wireless data
transfer link in accordance with the invention;

While the invention will be described in connection
with a preferred embodiment and certain alternative
embodiments, it will be understood that it is not in-
tended to limit the invention to those particular embodi-
ments. On the contrary, it is intended to cover all alter-
natives and equivalents as may be included within the
spirit and scope of the invention as defined by the ap-
pended claims.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

For purposes of aiding the readability of this detailed
description, the following is a table of contents for this
detailed description.

I. An Exemplary Vehicle, A Pivot Body

II. An Exemplary Vehicle, A Fixed Body

III. The Basic System

IV. Details of the On-Board Weighing System

A. Hinge Assemblies

B. Tubing

C. Calibration of System

D. Subassemblies of System
V. Measurment of Axle Weight Using System
VI. Measurement of Axle Load in a Scraper
VIIL On-Board Electronics For System

A. Basic Architecture

B. Keypad Input for Operator I.D.

C. Sensors

D. Visual Indicators
VIII. Obtaining an Accurate Weight Reading
IX. Structure of Storage Areas
X. Main Operating Program
XI. Detection of Rough Road Condition and Loading

of Vehicle
XII. Process of Obtaining Net Weight
XIII. Operator Summaries
XIV. Detection of a Load Imbalance
XV. Analysis of Loading Process
XVI. Loading Lights
XVII. Analysis of Axle Loads
XVIII. Totaling of Parameter Values at End of Haul

Cycle
XIX. Real-Time Downloading of Data

A. Downloading to Implement

Automatic Dispatching

(1) On-Board Processing
(2) Processing at Central Station for Dispatching
(3) Biased Dispatching
B. Downloading to Implement Management of Vehi-
cle Usage Using Data Files
(1) Estimate Load Cycle Time
(2) Monitor Loaders
(3) Excess Hauling or Loading Capacity
(4) Vehicle Maintenance Using Code Entries
XX. The System as Applied to a Refuse Hauling Vehi-
cle

1. An Exemplary Vehicle, A Pivot Body

Turning to the drawings, and referring first to FIGS.
1a and 15, an off-road vehicle 11 is exemplary of the
types of vehicles suitable for hauling in an open-pit
mine. The vehicle 11 includes a vehicle body 13 which
is hinged to the vehicle frame 15 at hinge assemblies 17.
By controlling the extension of telescoping hydraulic
cylinders 19 and 21, the vehicle body 13 is pivoted
between a fully inclined or dump position and a lowered
or rest position. One end of each hydraulic cylinder 19
and 21 is fastened to a hinge assembly located on the
bottom of the vehicle body 13. The opposing end of
each cylinder 19 and 21 is fastened to an articulation on
the vehicle frame 15. Structurally, the vehicle body 13
consists of steel panels 23, which form the shape of the
body, and beams 25 which provide the structural frame-
work of the body. Since other dump-body vehicles may
also use the on-board weighing device of this invention,
the vehicle in FIGS. 1g and 1) is intended as an exem-
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plary vehicle frame and vehicle body utilized in connec-
tion with the invention.

Often, off-road vehicles, such as the one shown in
FIGS. 1a and 1), are very large. For instance, it is not
uncommon for the tire diameter of the vehicle to be as
great as the height of an average man. Accordingly, the
tremendous size of these vehicles makes them expensive
to operate and repair. Since these vehicles represent
both a large capital investment and a large operating
expense, preventing both overloading of the vehicle
body and under-utilization of the vehicle’s load capacity
(i.e., underloading) are important considerations in in-
suring the vehicle is operated in the most profitable
manner. In particular, if the vehicle is overloaded it will
tend to have a shorter usable life because of the exces-
sive wear caused by the overloading. On the other
hand, if the vehicle is underloaded, the vehicle must be
operated over a longer period of time, thereby consum-
ing more fuel and wearing the vehicle’s parts to a
greater degree. Therefore, the ability to accurately
measure the load carried by the vehicle is important to
the efficient operation of large off-road vehicles. Also,
since these off-road, heavy duty vehicles are extremely
expensive to operate, loading and hauling parameters
indicative of vehicle performance can be of great eco-
nomic value by using the parameters to discover areas
of the performance which may be improved. More
generally, the efficient use of these vehicles can substan-
tially effect operating expenses. Efficiency can be in-
creased by optimizing load weights, minimizing transit
times and carefully using collected data for scheduling
needed maintenance.

As most clearly shown in FIG. 15 the vehicle frame
15 is composed of two parallel beams 26 and 27 con-
nected by transverse beams (not shown) to form a sup-
port surface for the vehicle body 13 over the rear axle
of the vehicle. In order to provide a pivot axis for the
vehicle body 13, each of the hinge assemblies 17 inte-
grally connects one end of each of the parallel beams 26
and 27 to one of beams 28 and 29 on the underside of the
vehicle body. In its lowered position, the beams 28 and
29 of the vehicle body 13 mate with the beams 26 and 27
of the vehicle frame 15. When the vehicle body 13 is in
its lowered position, the entire weight of the vehicle
body and its load is transferred to the vehicle frame 15
by way of the interface between the beams 26 and 27 of
the frame and the beams 28 and 29 of the body.

Each of the hinge assemblies 17 includes first and
second complementary hinge members 30 and 31 which
are secured to the frame 15 and body 13, respectively,
and interconnected by a pivot pin 32. The hinge assem-
bly 17 is constructed to provide a “floating” assembly
so that no weight is transferred to the frame 15 via the
assembly when the body is in its lowered position. The
hydraulic cylinders 19 and 21 and the vehicle body 13
are interconnected by hinge assemblies 33. (Only one of
the hinge assemblies 33 can be seen in the view of FIGS.
1a and 1b). Hoist pins 35 interconnect the complemen-
tary hinge members 37 and 39 of the hinge assemblies
33. Although, as the cylinders extend, the hinge assem-
blies 33 accommodate the relative repositioning be-
tween the hydraulic cylinders 19 and 21 and the vehicle
body 13, articulating assemblies 41 (only one is shown in
FIGS. 1@ and 1b), which connect the cylinders to the
vehicle frame 15, allow a similar relative repositioning
between the hydraulic cylinders and the vehicle frame
15.
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Ordinarily, cushioning support materials such as rub-
ber pads (not shown) are added along the length of the
two parallel beams 26 and 27 of the vehicle frame 15 so
when the vehicle body 13 is in its lowered position the
material provides a cushioned interface between the
beams 28 and 29 of the vehicle body and the beams 26
and 27 of the vehicle frame. In order to evenly distrib-
ute the weight of the vehicle body 13 along the length
of the frame 15 and thereby provide the best possible
weight distribution for the frame, the cushioning sup-
port material is characterized by a thickness dimension
which, as explained hereinafter, cooperates with the
hinge assemblies 17 when the vehicle body is moved to
its lowered position. The cooperation of the cushioning
support material and the hinge assemblies 17 frees the
assemblies from supporting any of the vehicle body’s
weight when the body is in its lowered position.

In order to provide the critical hauling data required
in connection with the invention, the cushioning sup-
port materials mounted by the vehicle manufacturer on
the parallel beams 26 and 27 of the vehicle frame 15 are
replaced by lengths of fluid-filled tubings that are laid
along the lengths of the parallel beams to provide, when
combined with pressure sensors, an on-board weighing
device which accurately measures the weight of the
vehicle body 13 while it is in its lowered position. Each
of the tubings is capped by an inverted U-shaped metal-
lic shield to protect the tubing at its interface with the
vehicle body 13. The inverted U-shaped shields 49
which protect the tubings are free to move vertically on
the parallel beams 26 and 27. Each of the fluid-filled
tubings 47 is preferably divided into fore and aft sec-
tions which may be created either by clamping the
center of one long tubing or providing two separate
sections of tubing. At the ends of the fluid-filled tubings
47 is one of the pressure sensors 51¢-c which measure
the liquid pressure within the tubing. These pressure
sensors 51a-c may be remotely mounted as indicated in
FIG. 3. Preferably, the two aft-mounted tubings 47 are
coupled by a T-joint in order to provide a single aft
pressure reading.

The foregoing on-board weighing device is prefera-
bly a commercially available load sensor assembly used
in connection with a vehicle weighing system identified
as the OBDAS Vehicle Weighing System, manufac-
tured and sold by Philippi-Hagenbuch, Inc., 7424 W.
Plank Road, Peoria, Ill. 61604.

In addition to the tubing 47, the shields 49 and the
sensors Sla-c, the on-board weighing apparatus in-
cludes a sensor processing unit 101, generally as illus-
trated in FIG. 3, that is responsive to signals from the
sensors Sla-c. By providing the sensor processing unit
101, the raw pressure data from the on-board weighing
device can be converted to useful hauling information
for use in connection with efficient vehicle manage-
ment. As a complement to the pressure data, the on-
board weighing apparatus illustrated in FIG. 3 includes
other input data sources which provide raw data to the
sensor processing unit 101. As will be explained more
fully hereinafter, in keeping with the invention the haul-
ing information provided by the sensor processing unit
101 is accumulated on-board the vehicle or downloaded
to a central station. The accumulated data may be sim-
ply used by management as historical information from
which management decisions are made. Alternatively,
the data can be used in real time for monitoring, locat-
ing and/or dispatching vehicles to particular locations
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in order to maintain operation of the vehicle fleet at
peak efficiency.

I1. An Exemplary Vehicle, A Fixed Body

Referring to FIG. 2, a fixed body 13' fitted to the
frame 15 of the vehicle 11 may also utilize the on-board
weighing system of the invention. The particular means
for coupling the frame 15 to the body 13’ in FIG. 2
allows the full weight of the body to rest upon the
tubings 47. The coupling means, pins 160 supported by
cross members 162 of the frame 15 and cooperating
bores 164 in cross members 166, prevent fore-and-aft or
side-to-side movement of the body relative to the frame
while, at the same time, allowing free vertical move-
ment of the body 13'. In order to prevent the body 13’
from accidentially freeing itself from the frame by
bouncing high off the frame, a pin or similar retainer
means 168 is secured at the top of the pins 160 in order
to limit the vertical movement of the body. As indicated
by FIG. 2, the stationary vehicle body 13’ may in style
be a dump-body, (the leftmost portion of the body 13'),
a flatbed body (the rightmost portion of the body 13'),
or it may be other known body types which suitably
function as stationary bodies.

II1. The Basic System

Referring to FIG. 3, in accordance with one impor-
tant aspect of the invention, an apparatus for processing
data derived from the weight of the load carried by the
body of the vehicle 11 includes a sensor processing unit
for receiving data from the pressure transducers 51 and,
in response thereto, detecting a change in the weight of
the body and formulating data indicative of vehicle
condition in response to changes in pressure data from
the pressure transducers. Pressure data and indications
of changes in the data are used by the sensor processing
unit to establish a historical data base from which vari-
ous hauling parameters may be monitored either by the
sensor processing unit itself or by a remotely located
central station (not shown) linked to the on-board pro-
cessing unit by way of a transceiver.

In keeping with the invention, additional sensors are
added to the vehicle 11 in order to provide data which
reflects vehicle operating conditions and which com-
plements the basic weight data. For example, a device
for determining the location of the vehicle 11 in a work
area is mounted on-board the vehicle and provides an
input signal to the processing unit for correlation with
incoming weight data and integration into the historical
data base. As a complement to the weight and location
data, the on-board system illustrated in FIG. 3 includes
other input data sources which also provide raw data to
a sensor processing unit. As will be explained more fully
hereinafter, useful operator information is supplied via
outputs from the sensor processing unit 101 in response
to the pressure data from the on-board weighing device
and its complementary transducers.

Referring to FIG. 3, the complementary input data
sources for use with the on-board weighing device in-
clude, but are not limited to, a location transceiver 198
(either infrared or RF), a hoist cylinder pressure trans-
ducer 102, a distance sensor 105, a forward-neutral-
reverse (F-N-R) direction switch 107, a dump switch
109, an inclinometer 110, a fuel sensor 113 and a com-
pass 116. A keypad integral with the housing of the
sensor processing unit 101 is used by the operator to
request data and to enter information such as an opera-
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tor number which identifies to the system the operator
or vehicle status.

Various on-board outputs controlled by the process-
ing unit 101 provide the vehicle operator with indica-
tions of vehicle operating conditions in response to the
data base formed from the information provided by the
on-board weighing device and its various complemen-
tary sensors. Specifically, a printer 117 provides a hard
copy output for analysis by the vehicle operator or
management personnel. An audio output 119 alerts the
operator to situations requiring immediate attention
such as side-to-side load imbalance. A fore/aft imbal-
ance signal 121 gives a visual warning signal to the
operator of the piece of loading equipment if the vehicle
is loaded to carry too much weight in either the fore or
aft area of the vehicle body. In order to provide the
operator with non-permanent data information, such as
current weight, a digital display is mounted to the hous-
ing of the sensor processing unit 101. Load indicator
lights 123 are preferably mounted on the side of the
vehicle in order to give the operator of the loading
equipment an idea of the remaining capacity in the
vehicle body as determined by a comparison of present
weight with a stored maximum weight.

Finally, an RF transceiver 150 is provided in order to
download accumulated data to a central station. As
explained hereinafter, the system may elect for creation
of the historical data base at the central station rather
than on-board the vehicle. In connection with the
downloading of data to the central station, vehicle man-
agement based on an analysis of the historical data base
can be expanded to a coordinated effort between a plu-
rality of vehicles. In other words, the downloaded data
base from each vehicle is combined with data bases
from other vehicles to form a fleet data base from which
decisicns involving the operation of an individual vehi-
cle can be more easily made with regard to their impact
on the overall fleet operation.

Downloading data from the vehicle 11 also provides
the opportunity for management decisions to respond to
new data in a manner which approaches a real-time
response. In this regard, the system of the invention
may be implemented to incorporate the automatic dis-
patching of vehicles to work areas based on decisions
made by a centrally located computer using information
from the historical data base.

The cooperation and interaction of the foregoing
inputs and outputs in FIG. 3 will be set forth in detail
hereinafter. It should be noted, however, that the par-
ticular management functions disclosed herein in con-
nection with a management system using the historical
data base are merely illustrative. The particular uses of
the gathered data is dependent upon the management
objective which is being implemented and the environ-
ment in which the vehicle is operating (e.g., hauling in
an open pit mine or in an urban area).

IV. Details of the On-Board Weighing Device
(A) Hinge Assemblies

Turning now to specific subassemblies of the on-
board weighing device and also several alternative em-
bodiments of the device, FIG. 4q illustrates three alter-
native embodiments in one cross-sectional view in order
to show common hinge assembly configurations offered
by various vehicle manufacturers. Referring specifi-
cally to the center embodiment in FIG. 44, in order to
free the hinge assemblies 17 from the weight of the
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truck’s load when the vehicle body is moved to its
lowered position, oversized bores 43 of the hinge mem-
bers 30 (the bores receive the body pivot pins 32) allow
the hinge members 31 to lift the pivot pins 32 into a
position which disengages the hinge member 30 from
the hinge members 31. By providing the cushioning
support material with a thickness dimension greater
than the distance from the lowermost portion of the
beams 28, 29 to the beams 26 and 27 when the beams are
parallel, the engagement of the vehicle body with the
cushioning support material causes the pivot pins 32
securely held by the bores 44 in the hinge members 31,
to be lifted off the lower surfaces of the bores. Also, as
is well known in the art, when the vehicle body 13 is
moved to its lowered position and the telescoping cylin-
ders 19 and 21 are fully collapsed, the hydraulic cylin-
ders are released to a float position.

Accordingly, when the vehicle body 13 is moved to
its lowered position, the entire weight of the vehicle
body is transferred from the hinge assemblies 17 and
hydraulic cylinders 19 and 21 to the body-frame inter-
face provided by the cushioning support material be-
tween the beams 26, 27 and the beams 28, 29, wherein
the latter are in parallel with the former. It will be ap-
preciated that this cushioning support material is pro-
vided by the vehicle manufacturer in order to 1) cush-
ion the mating surfaces between the beams 28, 29 of the
vehicle body 13 and the beams 26, 27 of the vehicle
frame 15, 2) provide a surface which lifts the truck’s
weight off the hinge assemblies 17 when the body is
moved to its lowered position, thereby evenly distribut-
ing the truck’s load along the length of the frame 15 and
3) allow for variations in parallelness between beams 26,
27 and beams 28, 29. As illustrated by the righthand
embodiment of the hinge assembly in FIG. 4q, the over-
sized bores 43’ of the hinge members 30 may be lined
with a rubber-like material 45 and a sheathing 454 in
order to dampen any excessive movement of the pivot
pins 32 in the oversized bore and protect the wall of the
bore from damage.

Because the thickness of the assembly comprising the
fluid-filled tubings 47 and the metallic shields 49 is equal
to the thickness of the cushioning material that they
replace, the pivot pins 32 are lifted off the lowermost
portion of the bores 43 when the vehicle body is moved
to its lowered position. Accordingly, when the vehicle
body 13 is lowered onto the parallel beams 26 and 27 of
the vehicle frame, the entire weight of the vehicle body
- 13 and its load is transferred to the vehicle frame 15 by
way of the interface provided by the fluid-filled tubings
47. As a result of the fluid-filled tubings 47 supporting
the entire weight of the vehicle body 13 in its lowered
position, an increase in liquid pressure sensed by the
pressure transducers 51 which accurately represents the
total weight of the vehicle body will occur. Not only do
the fluid-filled tubings 47 provide a mechanism for mea-
suring the total weight of the load carried by the vehicle
body, they also provide the cushioned support between
the vehicle body 13 and the vehicle frame 15 previously
provided by the vehicle manufacturer’s cushioning sup-
port material.

It will be appreciated by those familar with off-road
trucks that some manufacturers provide a cushioning
support material between the vehicle body 13 and vehi-
cle frame 185, but they do not provide a means to free the
hinge assemblies 17 from supporting a portion of the
weight of the vehicle body with the vehicle body in a
lowered position. Such a hinge assembly is shown by
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the leftmost embodiment in FIG. 4a wherein the pivot
pin 32 fits snugly within the bore 43". In accordance
with the invention, these types of vehicles may be modi-
fied to allow all the weight of the body to be supported
along the body-frame interface by machining small
crescent profiles off the tops of the pivot pins 32 such
that the profile of the pins is egg shaped. As illustrated
by the modified pin 32 in FIG. 45, this modification
allows the hinge members 30 and 31 to disengage when
the vehicle body is lowered onto the tubings 47, thereby
enabling the pressure transducers 51 to measure the
pressure from the full weight of the vehicle body.

(B) Tubing

Generally, the tubings 47 should be composed of
material that is resistant to penetration by oil (oil is the
most preferred liquid for filling the tubings). More im-
portantly, the tubings 47 must not be susceptible to
permanent deformation from the weight of the vehicle
body 13. In particular, the tubings 47 should not include
any type of braided wire that might permanently de-
form under external pressure. An example of a tubing
suitable for use in connection with the invention is the
Durathaue hose manufactured by the Snap-Tite Hose,
Inc., Company of Pennsylvania. For any particular
choice of hose, it must be wear and abrasion resistant. A
modified fire hose may be used; an example of a pre-
ferred modified fire hose is a three-ply urethane fire
hose (i.e., concentric layers of urethane, fiber and ure-
thane) with an added inner identical 3 ply hose.

(C) Calibration of Weighing Device

Turning now to the calibration and programmed
operation of the on-board weighing device and the
sensor processing unit 101, initialization of the system
will be explained with reference to the preferred em-
bodiment of the invention. In connection with the alter-
native embodiments of the on-board weighing device,
the modifications required to calibrate the sensor pro-
cessing unit 101 and the modifications required to the
program memory will be obvious to those skilled in the
art from the following detailed description of the cali-
bration of the on-board weighing device and pro-
grammed operation of the sensor processing unit for the
preferred embodiment of the invention.

The calibration of the on-board weighing device may
be illustrated by considering the case of a vehicle body
13 having a ten-ton empty weight and a 50-ton load
capacity. In the preferred embodiment of the on-board
weighing device, if the tubings 47 have a total combined
effective surface area of 500 sq. in., the average pressure
developed by the empty vehicle body 13 is 40 psi. A
fully loaded vehicle body 13 (i.e., 50 tons) develops a
pressure of 240 psi. By utilizing the pressure transducers
51a-c in connection with the tubings 47, an analog volt-
age output may be obtained which accurately measures
pressures between 0 and 300 psi. The analog voltage
output of the transducers 51a-c varies between two and
six volts. For the vehicle body 13 having an empty
weight of ten tons and a full load weight of 50 tons, the
analog voltage from the transducers 51a-c is 2.53 volts
for the weight of the empty vehicle body and 5.20 volts
for the full load weight. Therefore, the voltage outputs
of the transducers have a voltage range of 2.67 from no
load to full load volts.

At the analog-to-digital converter 1034 FIG. 12
(hereinafter referred to as an A/D converter) the output
voltage from each of the pressure transducers 51a—c is
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converted from an analog voltage to a digital signal.
The output from the A/D converter 103d is a binary-
coded decimal number which—since it is proportional
to the analog voltage from the pressure transducers 51a
through 51c—is also proportional to the pressure on the
tubings 47. Since the voltage output range of the pres-
sure transducers 51a-c is between two and six volts, the
A/D converter 103d converts two volts to a binary-
coded decimal number close to zero (when the vehicle
body is lifted off the sensors thereby creating a zero
load condition) and correspondingly converts six volts
to a binary-coded decimal number of approximately
255.

For the exemplary vehicle 11 having a ten-ton empty
weight for the vehicle body 13, the foregoing calibra-
tion procedure provides, at the binary-coded decimal
output of the A/D converter 1034, a decimal number of
34 when the vehicle body is in its lowered position. In
comparison to the decimal number of 34 which repre-
sents an empty load, for a full load of 50 tons the output
of the A/D converter 1034 is a binary-coded decimal
number of 204. Therefore, a decimal range of 170 repre-
sents all vehicle body loads from empty to full. There-
fore, with a pressure range of 200 psi (corresponding to
a weight range from no load to full load) a range of 170
in the binary-coded decimal number from the A/D
converter 103d gives a resolution of approximately 1.18
psi per decimal number.

In order to calibrate the on-board weighing device
for measurement in an appropriate unit of weight (i.e.,
tons, pounds or kilograms), a conversion factor, which
corrects for the contact area between the plate 60 (FIG.
7) and the desired units of weight, is manually set into
the keyboard 122 in FIG. 12 and converted to a binary-
coded decimal number by conventional circuitry associ-
ated with the keyboard. This binary-coded decimal
number is delivered to the MPU 103 by way of the
interface 124. At the MPU 103, the conversion value is
multiplied with a binary-coded decimal number repre-
senting the previously calculated net pressure for the
vehicle body. The resulting binary-coded decimal prod-
uct represents the numerical value of the net weight of
the vehicle body in tons, pounds or kilograms, depend-
ing on the conversion factor chosen. For example, the
net pressure calculated from the pressure transducers
§1a-c for a full load condition corresponds to a binary-
coded decimal number of 170. The MPU 103 multiplies
the binary-coded value of 170 by the binary-coded deci-
mal number from the keyboard 122.

In order to set up the fluid-filled tubings 47 which
support the vehicle body 13 in its lowered position over
the vehicle frame 15, a liquid (e.g., oil) of relatively low
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viscosity is pumped into the tubings while the empty .

vehicle body is resting on the tubings, i.e., in its lowered
position. Relatively low viscosity is chosen in order to
ensure proper flow during winter temperatures. It
should be noted that placement of the tubings 47 along
the length of each beam 26 and 27 is important for accu-
rate weight measurement. Specifically, the two tubings
47 on each beam are laid end-to-end such that the center
of gravity of a load is always located between the two
centers of the tubings.

At this point there is still a slight amount of contact
between the pivot pins 32 and the lower portions of the
bores 43 in the hinge members 30. Therefore, there is
still a slight amount of body weight supported on the
frame 15 through the hinge assemblies 17. In order to
lift the pivot pins 32 off the hinge members 30, addi-
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tional liquid is pumped into the tubings 47 until the
pivot pins 32 are visually lifted off the lowermost por-
tions of the bores 43. Although there is some downward
vertical movement of the inverted U-shaped metallic
shields 49 as the vehicle body 13 is loaded, the move-
ment is not sufficient to cause the pivot pins 32 to re-
engage the bores 43 of the hinge members 30. In order
to minimize any change in contact area between the
tubings 47 and the beams 26 and 27 and the shields 49,
each tubing is filled to have a natural oblong cross-sec-
tion as generally indicated in FIGS. 6 and 7.

At each pressure transducer 5la-c associated with
the fluid-filled tubings 47, the liquid pressure is con-
verted to an electrical potential which is delivered to
electrical circuitry, discussed hereinafter, to calculate a
weight measurement.

Referring to FIG. §, each of the fluid-filled tubings 47
is preferably cut at its central area in order to provide
two separate fluid-filled chambers. As previously indi-
cated, such an arrangement allows each beam to have
two tubings 47 whose centers are outside the center of
gravity of a load. By cutting the tubings 47, each pres-
sure transducer S1a-c supplies the electronic circuitry
with an independent pressure reading. By dividing each
tubing 47 into two chambers, the corresponding three
pressure readings (the forward tubings are tied to-
gether) can be manipulated to provide an indication of
the weight distribution of the load, e.g., too much
weight fore, aft or side to side as will be discussed in
greater detail hereinafter.

Each tube can be a unitary piece such as schemati-
cally shown in FIG. 6. Referring to FIG. 7, in order to
provide an easily ascertainable amount of effective
contact area between the fluid-filled tubings 47 and the
shields 49, a contact plate 60 is preferrably secured to
the bottom of the channel formed by the shields in the
preferred embodiment of the invention. The tubings 47
are filled with fluid so as to provide a contact surface
along the entire cross-sectional width and length of the
plate 60. There is a need to maintain an oblong cross-
section of the tubing 47 in order to maintain contact
between the plate 60 and tubing. Also, the tubings 47
are free from contacting the side walls of the shields 49.
By the tubings 47 only contacting the bottom surface of
plate 60, the weight can be accurately determined, i.e.,
pressure X area=weight.

(D) Subassemblies of System

Turning to FIG. 8a, a more detailed cross-section of
the apparatus comprising the on-board weighing device
is shown. A subassembly, comprised of welded portions
61a, 61b and 61c illustrated in FIG. 84, is provided for
securing the on-board weighing device to each of the
beams 26 and 27. The subassembly fits over each of the
beams (beam 27 is shown in FIG. 84). In order to secure
the subassembly on the beam 27, a flat plate 62 is butted
against the lower surface of the beam 27 and fastened to
the portions 612 and 61b of the subassembly by way of
nuts and bolts 63a and 63b, respectively. Referring to
FIG. 8b in conjunction with FIG. 8a, outrigger pairs
64a and 64b are secured to the shield 49. Fitted between
the pairs of outriggers 64a and 645 are bolt assemblies
190z and 1905, respectively, which are secured to side
portions 61a and 615, respectively. Because of rods 191a
and 1915 extending between the outrigger pairs 64a and
64b, respectively, the shield 49 is restrained from acci-
dently coming free from its position over the tubings 47.
Upward movement of the shield 49 and the integrally
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attached outrigger pairs 64a and 645 will cause the rods
191aq and 191) to engage the bolt assemblies 1902 and
190b, respectively. At the same time, the shield is able to
move downwardly in response to the weight of the
vehicle body.

The subassembly 6la—c is fitted over the top of the
beam 27 such that the planar horizontal surface portion
61c provides the supporting surface for the tubing 47.
The horizontal surface is welded to the two wing por-
tions 61a and 61b in order to allow the first portion 61¢
to have a saddle-type fit over the top of beam 27. The
shield 49 and plate 60 are fitted over the tubing 47 in the
same manner as discussed in connection with FIG. 7. In
order to provide horizontal stability for the tubing 47
and the shield 49, vertical guides 654 and 65b are inte-
grally attached to opposing ends of the planar horizon-
tal surface of portion 61c. The guides 652 and 655 coop-
erate to inhibit any side-to-side movement of the tubing
47. The dashed line indicated as 27’ is included to indi-
cate the beam 27 may be a square beam instead of the
I-beam illustrated.

Referring to FIGS. 92 and 95, an end clamp 68 at the
end of each tubing 47 assures that the interface of the
tubing 47 and each of the sensors Sla-c remains intact
throughout the life of the on-board weighing device.
End clamp 68 has top and bottom portions 68z and b,
respectively, and also a center portion 68¢ as shown in
the exploded view in FIG. 95. The end clamp portion
68¢ includes a centrally-tapped hole for receiving a
threaded extension of one of the sensors 51¢-¢ which
join to secure and seal the end of the tubing 47. Because
of the pressure exerted on the tubings 47 when they
support the weight of the vehicle body 13, there is a
substantial force acting at the ends of the tubings. Each
end of the tubings 47 must be terminated in a manner
which assures the tubing will not rupture. As indicated
by FIG. 9, bolts secure the respective upper and lower
sections of the end clamp 68.

V. Measurement of Axle Weight Using System

Referring to FIG. 10q, the off-road, heavy duty vehi-
cle 11 includes a pressure sensor added to the hydraulic
line connected to the hydraulic cylinders 19 and 21; by
providing a pressure measurement from the hydraulic
line of the hydraulic cylinder 21, in addition to the
pressure measurement provided by the on-board weigh-
ing device, a determination can be made of the weight
distribution of the load over the front and rear axles 71a
and 73a, respectively, by summing moments about the
hinge assemblies 17. By summing the moments about
the hinge assembly 17, the location of the center of
gravity of the load carried by the vehicle body 13 can
be determined. By determining the location of the cen-
ter of gravity of the load carried by the vehicle body 13,
the relative distribution of the total weight of the load
over the front and rear axles can be determined.

In order to determine the axle loads, the vehicle 11
may be schematically represented as a horizontal line 74
in FIGS. 10z and 105 which passes through both front
and rear axles. In practice, the vertical height of the
load’s center of gravity is not important; therefore, the
moment equation about the hinge assemblies 17 (the
vertical height of the hinge assemblies is also ignored)
gives the one dimension of the location of the center of
gravity of the load which is important in determining
the axle loads, i.e., its location relative to the front and
rear axles.
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In order to determine the location of the center of
gravity of the load along the length of the vehicle 11 as
shown in FIGS. 10z and 105, the vehicle body must be
lifted slightly from its lowered position as shown by the
distance h in FIG. 104 in order that the hydraulic cylin-
ders 19 and 21 provide a pressure reading indicative of
the force required to pivot the vehicle body 13 about
the hinge assemblies 17. By providing the horizontal
line 74 with a calibration in predetermined units such as
inches or feet, the horizontal placement of the center of
gravity relative to the front and rear axles can be deter-
mined.

Since the hydraulic cylinders 19 and 21 are positioned
at an angle @ with respect to a vertical axis perpendicu-
lar to the horizontal line 74 in FIGS. 10z and 10, the
pressure reading from the pressure transducer associ-
ated with hydraulic cylindes 19 and 21 must be multi-
plied by cylinder area (to provide a force measurement)
and by the cosine of the angle ® in order to determine
the vertical force at the cylinder hinge assembly 33.
Although the angle ® changes with the extension of the
hydraulic cylinders 19 and 21, a predetermined value
for the angle & can be stored in the memory of the
processor associated with the on-board weighing de-
vice as discussed hereinafter since the vehicle body 13
need be raised only a slight amount (shown as the dis-
tance h in FIG. 10b) such that the angle @ can be
treated as a constant for purposes of determining the
relative axle loads.

Once the vertical force at the cylinder hinge assembly
33 is determined, the equation for the moments about
the body hinge assembly 17 and along the horizontal
axis has only one unknown, i.e., the horizontal distance
of the center of gravity from the body hinge assembly
17. The following equation expresses the relationship of
the moments about the body hinge assembly 17:

(Total Weight)-(C/G)~(Cylinder Weight).(cos

P)(y+2)=0 O]
wherein “Total Weight” is the most recent pressure
reading from the on-board weighing device represent-
ing the load carried on the vehicle frame 15 multiplied
by a predetermined constant to provide a force mea-
surement, and C/G is the location of the center of grav-
ity of the load projected onto the horizontal line 74;
“Cylinder Weight” is the pressure from the pressure
transducer in the hydraulic line to hydraulic cylinders
19 and 21 multiplied by the area of the cylinders; the
angle @ is the angle formed by the longitudinal axis 75
of the cylinder 21 and a vertical axis 76 in FIGS. 10a
and 104, and (y +z) is the distance on the horizontal line
74 between the body hinge assembly 17 and the cylinder
hinge assembly 33. Solving for the location of the center
of gravity, the equation is as follows:

@

_ [ Gytinder weight ] _
C/G = [ Total Weight || €3 - 0+ 2

With the horizontal position of the center of gravity
located, the load on each axle can be determined by
solving for the axle weights using the sum of the mo-
ment arms about the axle and along the horizontal line
74. For the front axle, the sum of the moments about the
rear axle provides an equation for solving for the load
on the front axle. The equation for the moment arms
about the rear axle is as follows:
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(Weight on Front Axle)(w)-(Total

Weight)(C/G—2z)=0 3)
Solving for the weight on the front axle, the equation
becomes,

4)
Weight on Front Axle = (Total Weight) - (LGW“—Z)

To find the load on the rear axle, the sum of moments
are taken about the front axle as set forth in the follow-
ing equation: :

(Weight on Rear Axle)-(w)—(Total

Weight)-(w+z—~C/G)=0 &)

(6)
Weight on Rear Axel = (Total Weight) - (l + z;‘fz_(_?_)

The weight of the frame of the vehicle 11 bearing on the
front and rear axles (i.e., the tare weight) can be added
to the calculated weights in order to provide total
weights bearing on the front and rear axles. In measur-
ing this tare weight, the vehicle body 13 may be re-
moved from the vehicle 11 or the weight of the body
attributable to the front and rear axles may be sub-
tracted from the weight recorded by a platform scale.
The resulting weight measurement may be stored in the
memory of the electrical circuitry associated with the
on-board weighing device as discussed hereinafter.

Since the horizontal distances represented by the
values for w, x, y and z are known and since the pres-
sure in hydraulic cylinders 19 and 21 is known when the
vehicle body 13 is lifted slightly off the frame 15, the
center of gravity for the load (weighed by the on-board
weighing device) can be determined from equation two.
Once the center of gravity for the load is determined,
the distribution of the load between the front and rear
axles, 71a and 73a respectively, can be easily deter-
mined from equations four and six.

VI. Measurement of Axle Load in a Scraper

Determination of axle loads can be made in off-road
vehicles of other types using a similar approach as dis-
closed in connection with the off-road vehicle of FIGS.
10a-10b. For example, a scraper vehicle 81, shown in its
raised and lowered positions in FIGS. 11a and 115,
respectively, utilizes a pressure sensor in connection
with its hoist cylinder 82 to determine the front and rear
axle loads of the scraper. A scraper vehicle loads
ground material into its body by lowering an open end
of the body into contact with the ground. As the
scraper moves forward, the ground material is swept
into the body of the scraper by way of the lowered
opening. In other words, the bottom edge of the body
scrapes the ground surface, hence the name “scraper.”

The mechanism which lifts and lowers the body 83 of
the scraper 81 are most clearly shown in FIGS.
11c-114d. In its lifted or raised position, the hoist cylin-
ders 82 (only one is shown) holds the body 83 off the
ground. In order to prevent material from falling out of
the body 83, a gate assembly 84 is provided to close the
opening in the body 83 when it is in its lifted or raised

5,327,347

15

20

25

30

45

50

55

60

65

18
position. Control of the gate assembly is provided by a
linkage 85 in a well-known manner.

Referring back to FIG. 114, longitudinal dimensions
v, w, X, y and z of the scraper 81 are used to calculate
axle load for the front and rear axles 86 and 87, respec-
tively. In the same manner as used in connection with
the axle load determination for an off-road vehicle, the
moments about the front and rear axles serve as the
tools to determine the axle loads.

Converting the pressure in the hoist cylinder 82,
while the body 83 is in a raised position, to a force
allows the axle loads to be determined. Since the hoist
cylinder 82 is at a slight angle ¢ from vertical, the force
F, must be multiplied by cos ¢ to find the vertical force
for calculating the moment arm about the front axle.
The equation is as follows:

O = Fyy — (cos @ - Frx) ()
Fyx-cos @
F3 = ———
y

where F3is the weight on the front axle 86 and F3 is the
force at the hoist cylinder 82 lifting the body.

Once the weight of the load is determined, the axle
loads are easily calculated as follows:

O = Fgz—~ (cosd ~ Frx) 8)

Fyx ~ cos @
z

Ry

where F4is the weight on the rear axle 87, The forego-
ing calculation may be implemented by the circuitry
and flowchart discussed in connection with FIGS. 12,
13 and 14a-m. Although the flowchart discloses steps
for calculating the axle loads for a dump body vehicle
using data gathered by the on-board weighing device
and data from hoist cylinders, it will appreciated from
the foregoing scraper discussion that similar software
steps may be used in connection with the circuitry of
FIGS. 12 and 13 to calculate scraper axle loads.

VII. On-Board Electronics for OBDAS
(A) Basic Architecture

Referring now to FIG. 12, the electrical circuitry
which provides on-board manipulation of the data re-
ceived from the on-board sensors such as the on-board
weighing device is provided by the sensor processing
unit 101. Preferably, the sensor processing unit 101 is
microprocessor based. As will be apparent to those
skilled in the art, the sensor processing unit 101 includes
a micro processing unit 103 (hereinafter MPU 103),
associated internal memory in the form of a ROM 103,
EEROM 1035, a read/write memory RAM 103c, and
an analog-to-digital converter 103d. A particular exam-
ple of a MPU suitable for the sensor processing unit 101
is the MC68HCI11 microprocessor manufactured by
Motorola Corporation of Schaumburg, Iil.

In conventional fashion, emanating from the MPU
103 is a microcomputer bus 111. The microcomputer
bus 111-includes data lines, memory lines and control
lines. The bus 111 is connected to input/output ports
113 and 115, that are parallel and serial ports, respec-
tively. The microcomputer bus 111 communicates to a
load light array 128 and several of the on-board sensors
(generally indicated in block 129) by way of parallel
input/output port 113 via optical isolators 132 and 134.
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The printer 117 communicates directly to the input-
/output port 113. The load light array 128 in FIG. 12 is
intended to represent the load lights that may be placed
on board a vehicle. Block 129 is intended to represent
the sensors that may provide data to the sensor process-
ing unit 101.

In order to provide the sensor processing unit 101
with a means for accepting manual inputs, the mi-
crocomputer bus 111 is connected to a keypad 122 by
way of an interface 124. For example, the keypad 122
provides the sensor processing unit 101 with a conver-
sion factor for converting the stored pressure readings
to weight values in tons, pounds or kilograms. The
display 136 perferably mounted to the housing of the
sensor processing unit 101 receives signals from the
MPU 103 via the interface 124.

A static RAM memory 125 is connected to the MPU
103 via the bus 111 in order to provide for storage of
data collected between successive occurrences of data
downloading. Also in communication with the MPU
103 via the bus 111 is an EPROM 126 that contains the
program instructions executed by the MPU and a real
time clock and battery 127.

The sensors §1a-c of the on-board weighing device
provide the circuitry of FIG. 12 with analog electrical
signals which are linearly proportional to the pressure
exerted by the tubing fluid. Since the pressure of the
tubing fluid is linearly proportional to the weight of the
vehicle body 13 and since the sensors 51a-c reflect the
tubing fluid pressure in a linear fashion, the analog sig-
nals from the sensors are proportional to the weight of
the vehicle body. The analog signals from the sensors
51a-c are typically received by a low resolution analog-
to-digital (A/D) converter 103d; but, a high resolution
A/D converter 130 may be substituted if additional
accuracy is desired. Since the electric compass 116 is
typically an analog device, it is also received by the
A/D converter 103d. A digital-to-analog (D/A) con-
verter 137 is provided as an output device on the bus
111 for implementing control of analog devices that
may be added to the vehicle (e.g., a throttle control
mechanism).

In order for the sensor processing unit 101 to commu-
nicate with the central station 155 in FIGS. 15a and 155,
the RF transceiver 150 is coupled to the sensor process-
ing unit 101 via an RS 422 data link to the serial input-
/output port 115. In a manner similar to that of the RF
transceiver 150, the infrared (IR) transceiver 198 is
coupled to the sensor processing unit 101 via an RS 422
connection. The IR transceiver 198 may be used to send
data from the sensor processing unit 101 to another IR
transceiver site via the input/output port 115. The IR
and RF transceivers 198 and 150, respectively, are sepa-
rately keyed by the sensor processing unit 101 via the
port 115, and they are mounted to the vehicle 11 in
appropriate and convenient locations in order to enable
the sensor processing unit 101 to establish high quality
RF and IR links.

In order to measure the axle loads of the vehicle 11,
an interrupt instruction tells the sensor processing unit
101 to execute the software routine for calculating the
axle loads from pressure readings of the on-board
weighing device and the pressure transducer 102. As
illustrated in FIG. 12, the interrupt signal is activated by
the vehicle operator by way of a push button 142. As
mentioned in connection with FIGS. 10a-10b, the inter-
rupt is activated only after the operator has slightly
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raised the vehicle body 13 by extending the hydraulic
cylinders 19 and 21.

(B) Keypad Input for Operator 1.D.

As previously mentioned, hauling parameters derived
from the on-board weighing device and processed by
the sensor processing unit 101 can be identified with
particular 1.D. numbers, thereby providing an indica-
tion of vehicle and operator performance. It will be
appreciated by those skilled in the art that keypad 122
can also serve as an I.D. input for mechanics, oilers and
other maintenance personnel in order to record the
maintenance work on the vehicle (in a fifth array of
RAM 125) and the identity of the individual who per-
formed the maintenance. In order for the sensor pro-
cessing unit 101 to detect changes in operator numbers
when the vehicle is not running (for instance, a change
from a mechanic’s I.D. to an oiler’s 1.D.), power is
applied to the sensor processing unit via a separate
switched circuit from the electrical battery of the vehi-
cle 12 as can be appreciated by those skilled in the art.
In the stand-by mode, the sensor processing unit can be
manually powered up so new I.D. numbers can be en-
tered and to see if activity has occurred at its sensor
inputs. If, for example, a new I.D. number has been
entered into the keypad 122, the unit stores the new
number and prints and/or displays a summary of data
while the vehicle 11 was under control of the previous
number. (The foregoing display of summary data will
be explained in greater detail in connection with FIG.
14%). As an alternative to entering the I.D. number by
way of the keyboard 122, an encoded card may be used
by the operator in connection with a card reader.

As will be explained in greater detail in connection
with the flowchart of FIGS. 14¢ through 14m, the sen-
sor processing unit 101 and its associated electronics are
normally energized in response to engine start-up. An
engine start-up energizes the MPU 103 which in turn
initializes the program memory, thereby beginning the
program routine of the flowchart in FIGS. 14a-14m.

(C) Sensors

The on-board weighing device provides the circuitry
of FIG. 12 with an analog electrical signal which is
linearly proportional to the pressure exerted by the
tubing fluid on the device’s transducers 51a-c (tubing in
the preferred embodiment of the invention or load cells,
strain gauges or like pressure sensing transducers in
alternative embodiments of the invention). Since the
pressure of the tubing fluid is linearly proportional to
the weight of the vehicle body 13 and since the trans-
ducers 51a-c are linear devices, the analog signals from
the transducers are proportional to the weight of the
vehicle body.

Sensors 102, 105, 107, 109, 110 and 113 cooperate
with the on-board weighing device in order to provide
information necessary for the sensor processing unit 101
to provide output information to the vehicle operator,
such as the loads on the front and rear axles. The direc-
tion switch 107 is used in connection with a record
keeping function performed by the software of the sen-
sor processing unit 101 such that, in response to a gear-
shift by the vehicle operator, certain information stored
in RAM 125, and derived from the on-board weighing
device, may be manipulated (as explained more fully in
connection with the flowcharts of FIGS. 14a-14m). In
a similar manner, the dump switch 109 is utilized by the
sensor processing unit 101 to manipulate stored data
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from the on-board weighing device when the switch
indicates that the vehicle body 13 has been pivoted to its
dump position. Preferably, the dump switch 109 is a
mercury switch mounted to the vehicle body 13 in
order that it may respond to the change in the body’s
position as a load is dumped. Unlike mechanical
switches, to the best of applicant’s knowledge, a mer-
cury switch when utilized as a dump switch offers the
highly advantageous characteristic of being isolated
from the ambient conditions. Therefore, the harsh con-
ditions often encountered by off-road vehicles will not
cause a rapid deterioration of switch performance. As
an alternative to a dump switch, the sudden sensing of
loss of load by the weighing device can be used as a
software detection of dumping. Similarly, a sudden
increase in load can be the basis for a software detection
of loading.

The distance sensor 105 is used by the sensor process-
ing unit 101 to provide the distance measurement in
connection with the calculation of tons-miles per hour
units used to indicate the degree of tire loading. Finally,
the pressure transducers 102 are located in the hydrau-
lic line of the hydraulic cylinders 19 and 21 and pro-
vides a pressure measurement for use in connection
with calculating the axle distribution of the total load.
The interaction between the sensor processing unit 101,
the on-board weighing device and each of these sensors
is discussed in greater detail hereinafter in connection
with the flowcharts of FIGS. 14a-14m which disclose
the program routine for the sensor processing unit.

(D) Visual Indicators

In order to provide a visual indication of the unused
weight capacity of the vehicle body, the sensor process-
ing unit 101 is connected to a load indicator 123 by way
of the optical isolator 132. The load indicator 123 in-
cludes a plurality of lights 123a-e stacked one above the
other (See FIG. 3). By activating a particular light on
the indicator 123, the sensor processing unit 101 is able
to signal the operator of the loader the proportion of a
bucket load which may safely be added to the vehicle
without exceeding the weight capacity of the vehicle.
From a predetermined maximum weight capacity for
the vehicle stored in the sensor processing unit 101, the
sensor processing unit determines the remaining load
capacity of the vehicle body 13 from the current load as
measured by the on-board weighing device.

If the vehicle is loaded by a continuous flow of mate-
rial, instead of the incremental increase provided by the
bucket of a front end loader, the indicator 123 may
provide a real-time indication of the percentage of re-
maining load capacity. For example, if a conveyor belt
or hopper (not shown) are used to load the vehicle 11,
the sensor processing unit can compare current load
data with a maximum load and activate an appropriate
light 123a-e depending on the fraction of remaining
capacity. In this example, it is contemplated the indica-
tor light 123a corresponds to a remaining capacity of
20%, indicator light 1235 corresponds to a remaining
capacity of 15%, etc. The sequencing of the lights
123a-e as the vehicle approaches full load will aid in the
anticipation of when the continuous flow should be cut
off in order to avoid overflow, yet assure a maximum
load. The particular programming steps for providing a
real time indication of remaining capacity is not set
forth in the steps of the flowcharts in FIG. 14a-14m,
but the modifications required to the program for con-
tinuous flow loading will be evident to a programmer
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from the flowchart description of steps responsive to
incremental loading.

In connection with the indication of the remaining
weight capacity of the vehicle, the sensor processing
unit 101 determines the average incremental increase in
the weight of the vehicle body 13 with each bucket
from a loader, thereby indicating the average weight of
a bucket load used to load the vehicle body. If the aver-
age weight for a bucket is less than the remaining
weight capacity of the vehicle body 13, then the green
light 1234 of the indicator 123 will be activated by the
sensor processing unit 101. If the average weight of a
bucket is greater than the remaining load capacity of the
vehicle body 13, the sensor processing unit 101 deter-
mines what fraction of the average weight of a bucket
the remaining weight capacity most closely approxi-
mates.

Specifically, a three-quarter light 1235 is activated if
the remaining weight capacity of the vehicle body 13
has a value between three-quarters of an average weight
for a bucket and the total average weight for a bucket.
In order to light the one-half light 123¢, the remaining
weight capacity of the vehicle body 13 must be between
one-half and three-quarters of the average weight of a
bucket. Similarly, in order to light the one-quarter light
1234 the remaining weight capacity must be between
one-quarter and one-half of the average weight of a
bucket. Finally, for the red light 123¢ to be activated
and thereby indicate the vehicle body 13 is full, the
remaining weight capacity of the vehicle body 13 (as
determined by the pressure reading from the on-board
weighing device) must be less than one-quarter of the
average weight of a bucket. The manipulation of the
indicator 123 by the sensor processing unit 101 in re-
sponse to pressure readings from the on-board weighing
device will be explained in greater detail in connection
with the program routine of the sensor processing unit
illustrated by the flowcharts in FIGS. 14¢-14m.

VIIL Obtaining an Accurate Weight Reading

In order to obtain an accurate measurement of the
pressure on the four lengths of the tubings 47, the sensor
processing unit 101 reads the voltage 16 times in succes-
sion from each pressure transducers 51a-c. In order to
obtain one pressure value for each transducer 51a-c, the
16 readings are averaged. Each pressure transducer
S1a-c is read and averaged before the next transducer is
read and averaged. When all of the pressure transducers
51a-c have been read and their 16 separate readings
averaged, the three average readings are themselves
averaged to obtain one pressure measurement for the
vehicle body 13. Since the net weight of the vehicle
body 13 is the weight of interest, the tare pressure
(stored in memory) is subtracted from the reading of the
pressure transducers 51a-c to obtain a net pressure read-
ing. The net pressure reading corresponds to the weight
of the load carried by the vehicle 11 in its vehicle body
13. This reading is stored and manipulated in accor-
dance with the program memory for the MPU 103
contained in the EPROM 126. ]

In order to convert the foregoing pressure readings to
a weight reading, the effective area of contact between
the tubing 47 and the plate 60 (see FIG. 7) must be
considered. The pressure data from the transducers
51a-c represents weight per unit area. Multiplying the
effective contact area by the pressure data results in
data indicative of weight. To find the weight, the aver-
age pressure may be multiplied by the total effective



5,327,347

23 :
area for all the plates 60 of the on-board weighing de-
vice. From empirical study, applicant has discovered
that the surface area of the plate 60 is not the precise
area used to multiply with the pressures. A slightly
modified, enlarged surface area is required in the calcu-
lation of weight. The degree of enlargement is deter-
mined empirically. Of course, the product of the pres-
sure and surface area of contact may also require con-
version to provide the appropriate weight units, e.g.,
pounds, kilograms, etc.

For the foregoing calculation of weight, the effective
area of contact between the tubing 47 and the plate 60 is
considered to be the same for each sensor 51e—c. If the
specific system design results in unequal areas, each
pressure and area must be treated separately. Therefore,
if the four lengths of tubings 47 in FIGS. 1-4 include
two foreward sections which are longer than the two
aft sections, the two forward sections must be treated
separately from the aft sections in order to provide a
meaningful single weight calculation.

IX. Structure of Storage Areas

Turning first to the on-board data base, in order to
accumulate the relevant data provided by the on-board
weighing device and the electronic circuitry of FIG. 12,
the RAM 125 is organized to not only include the mis-
cellaneous temporary storage (e.g., status flags) re-
quired for normal software operation, but the RAM
also includes arrays of data cells for storing time and
pressure data to provide a chronological record of vehi-
cle and operator performance and to provide a data base
to extract further data indicative of performance. Refer-
ring to FIG. 13, the RAM 125 is schematically illus-
trated as including at least a miscellaneous storage area
and seven arrays.

ARRAY I provides storage locations for a plurality
of consecutive net pressure values calculated from the
pressure transducers S1a-c of the on-board weighing
device. Also in RAM 125, storage locations are pro-
vided for cataloging summaries of hauling parameters
wherein the summaries are indexed by operator number
in order that the performace of each operator of the
vehicle 11 can be quantified. For example, ARRAYS II
and III are provided in RAM 125 wherein the ARRAY
I1 collects summaries of hauling parameters for a time
duration measured from the time a particular operator
number is entered into the system until the number is
changed. Entry of a particular operator number may
identify a certain cell in the second array for receiving
summaries of hauling parameters, thereby identifying
the summaries with the operator. By providing a non-
volatile memory for the RAM 125, an ARRAY III
serves as an archive for the summaries in ARRAY 11,
thereby providing a record of operator performance for
a period of time including multiple uses by the operator,
e.g., a month, quarter or year.

A fourth array, ARRAY IV, provides a storage area
for recording maintenance work on the vehicle. Entry
of a user L.D. number indicative of maintenance person-
nel rather than drivers are stored in ARRAY IV to-
gether with relevant data such as time under control of
the maintenance number. Two additional arrays, AR-
RAYs V and VI store date useful in evaluating the
performance of an off-road, heavy duty vehicle and its
loader. As will be discussed in greater detail hereinafter,
ARRAYSs V and VI store data relating to the weight of
each bucket added by the loader and the real time of
each bucket addition. The purpose and manipulation of
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these stored values in ARRAYs I-VI will be discussed
in connection with the flowchart of FIGS. 14a-14m.

Finally, ARRAY VIl is an area for storage data to be
downloaded from the on-board system to a remote
central location for creating a historical file. As will be
apparent from the discussion in connection with the
flowcharts of FIGS. 14a-14m and 20-24, relevant data
can be either or both displayed on-board and down-
loaded to a central station. If downloading is a selected
option, the data is temporarily stored in ARRAY VII
for transmission in response to receiving an appropriate
control signal from the central computer.

In the simplest of downloading systems, a weight
indicator may be located off the vehicle and at a station-
ary site. For example, where the loading equipment is
stationary during loading, a coupling between the on-
board weighing device and the weight indicator may
allow the operator of a loader to remotely monitor the
weight of the vehicle load without the need for rela-
tively expensive transceivers. In order to allow the
loaded vehicle to move away from the loading site, the
coupling between the on-board weighing device and
the weight indicator includes a quick disconnect device
(not shown) of conventional design. In operation, the
vehicle is moved into position for loading and the male
and female members of the quick disconnect device are
joined so as to allow pressure data from the on-board
weighing device to be directly transferred to the weight
indicator. Since the loading equipment is stationary, the
weight indicator is preferably mounted directly to the
loader so that the loader operator can monitor the in-
creasing weight of the load. When a full load is indi-
cated, the quick disconnect device decouples the
weight indicator and the on-board weighing device so
that the vehicle may move away from the loading site
and allow a new vehicle to be positioned for loading.
The new vehicle is coupled to the weight indicator as
before and the foregoing steps are repeated.

An obvious variation to the foregoing system would
be the upgrading of the system to an electrical system
wherein a transmitter provides the means to communi-
cate the pressure data to an electronic weight indicator
located at the loader. A simplified version of the sensor
processing unit 101 is all that is necessary in order to
prepare the pressure data for transmission. The station-
ary weight indicator may be merely a receiver of the
data which converts the transmitted pressure data to a
weight display for the operator of the loader.

X. Main Operating Program

Referring now to the flowchart of FIGS. 14a-14m,
the main program of the sensor processing unit 101
executes all aspects of data accumulation on-board the
vehicle. Various subroutines are called from the main
program for executing particular aspects of the inven-
tion. These subroutines are illustrated by the flowcharts
in FIGS. 14/~14m. Although these flowcharts are in-
tended to be complete for an operating system, it will be
understood that obvious modifications may be made to
the program if a user wishes to use less than all aspects
of the invention or, in the extreme, simply wishes to
transmit data to a remote site. In this regard, some or all
of the data processing can be done at a remote site if
desired. As will be appreciated by those skilled in pro-
gramming, the allocation of tasks between the on-board
processor and a remote stationary processor can be
tailored to the particular needs of the user. For purposes
of illustration, however, applicant has chosen to allo-
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cate all of the data manipulation tasks to the on-board
processor so that downloading to a cooperating second
processor is not required.

For the purpose of reducing the complexity of the
flowchart in FIGS. 14¢-14m, the multiple steps re-
quired to calculate a single pressure value for the pres-
sure transducers 51a—c as described above are treated in
the steps of the flowchart as a single step. It will be
understood, therefore, that each step requiring the sen-
sor processing unit 101 to read the pressure of the vehi-
cle body requires the voltage signal from each of the
transducers 51a—c to be read in accordance with the
following protocol: 1) reading each transducer 16 times
in succession, 2) averaging the 16 readings, and 3) total
the averaged readings from all the transducers in order
to obtain a single averaged reading.

Upon starting the vehicle, the sensor processing unit
101 receives power and starts the processing steps of the
flowcharts. It begins by initializing required values at
step 210. From step 210, the sensor processing unit 101
moves to step 230 where it reads the time and date from
a time clock of the MPU. Next, as indicated by step 240,
the date, vehicle identification number, time and opera-
tor identification number are printed by printer 117 or
transferred to ARRAY VII for later transmission via
transceiver 150. (The vehicle 1.D. number has been
previously placed in permanent memory.) The operator
identification number is obtained from the keyboard 122
as indicated by step 250. At step 260, a count is preset to
a maximum count in order to control later sequencing
of the software as explained more fully hereinafter.

As will become more apparent in connection with the
remaining explanation of the flowchart steps, virtually
all data identified for an output may be transferred to
ARRAY VII in order to download the data to a remote
location. Data link downloading will be discussed in
greater detail in connection with the real-time control
of vehicles as illustrated in FIGS. 15-24.

After the vehicle has been turned on and the sensor
processing unit 101 initialized in steps 210 through 260,
the program moves to the main program loop at step
269 where the distance recorded by the distance sensor
138 is added to a previously calculated total distance in
order to update the total distance traveled by the vehi-
cle From step 269, the program calls a Read Pressure
Subroutine (FIG. 14g) at step 270 wherein the unit reads
the pressure from the pressure transducers §la-c and
calculates an average pressure in the manner previously
described. In addition, the subroutine also calculates a
fore, aft and side-to-side pressure for use in connection
with other subroutines as explained hereinafter.

In step 275, the program compares the stored opera-
tor number with the current operator number entered
into the keyboard 122. If the number is different, the
new operator number is stored and the program calls
the Operator Summary Subroutine at step 277 for ana-
lyzing hauling parameters measured during operation of
the vehicle 11 while under the control of the previous
operator. The Operator Summary Subroutine is dis-
cussed in greater detail in connection with FIG. 14A.
After the Operator Summary Subroutine has been exe-
cuted or if a change in operator number did not occur in
step 275, the program moves to step 280.

In step 280, the predetermined value for the tare
pressure is subtracted from the average pressure calcu-
lated in step 270 in order to obtain a net pressure value.
Since the tare pressure represents the weight of the
empty vehicle body, the net pressure represents the
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weight of the load carried in the vehicle body 13. From
step 280, the sensor processing unit 101 moves to step
285 (FIG. 14b) where it is determined if the net pressure
value is less than zero. If the net pressure is found to be
less than zero in step 285, the program branches to step
286. In step 286, the program zeros the net pressure and
bucket pressure (bucket pressure will be explained here-
inafter in connection with the Load Analysis Subrou-
tine, FIG. 14)). At step 289, the net pressure is stored in
the first location of ARRAY [, i.e, ARRAY I(1). The
most recent 16 net pressure values are stored in
ARRAY 1 These 16 values are averaged in step 300
(FIG. 14b) in order to obtain a time averaged net pres-
sure.

In step 304, the program checks to determine if the
operator has activated the push button 142 (FIG. 12) to
indicate that the axle loads should be calculated. If the
push button is pressed, the program branches the main
program and executes the Axle Load Analysis Subrou-
tine in step 305. As will be explained in greater detail in
connection with FIG. 14L, the Axle Load Analysis
Subroutine utilizes the net pressure reading for the vehi-
cle body and the net pressure from the pressure trans-
ducer 102 (FIG. 12) to determine the loads on the front
and rear axles.

Referring to FIG. 14c at step 380, the sensor process-
ing unit 101 determines whether a gear shift has been
sensed by the gear sensor 107. If it has, the program
branches to step 390. In step 390, the sensor processing
unit 101 commands the printer 117 to print (or to store
in ARRAY VII) 1) the gear from which the vehicle has
shifted, 2) the most recently calculated average net
weight, 3) the time spent in the previous gear and 4) the
distarice traveled in the previous gear (derived from the
distance sensor 105 in FIG. 12). Although not shown in
FIG. 14¢, a flag may be set in step 390 indicating a gear
shift for use in connection with downloading data to a
central station discussed in connection with FIGS. 15
through 24. If the truck’s gears have not been shifted in
step 380 or after completion of the printing function by
the printer 117 in step 390, the sensor processing unit
101 determines at step 395 whether a time clock (not
shown) is to be corrected.

If the time is to be corrected, the program branches to
step 396 where the time correction is executed. From
steps 395 or 396, the program moves to step 400 and
determines whether the dump switch 109 has been acti-
vated. If the dump sensor has not been activated at step
400, the program branches to step 405 to decide if 0.1
seconds have elapsed since leaving step 304 and enter-
ing step 405. Since step 405 returns the program to step
380 if 0.1 seconds has not elapsed, the delay gives the
sensor processing unit 101 an adequate time window for
sensing the activation of the dump sensor 109 at step 400
before proceeding further in its program. If 0.1 seconds
has elapsed in step 405, the program branches back to
step 269 (FIG. 14q).

If the dump switch 109 is determined to be activated
in step 400, the program moves to step 406 wherein a
Dump Subroutine is called which summarizes pertinent
data of the haul cycle. In addition to identifying, caicu-
lating and printing different parameters for a single
hauling cycle in the Dump Subroutine, it will be appre-
ciated that the data gathered by the sensor processing
unit 101 from the on-board weighing device and the
associated sensors may be stored in ARRAY II for a
number of hauling cycles in order to provide daily to-
tals or averages of an operator such as, for example, the
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total tonnage hauled per day, the number of loads
hauled per day, the average load hauled on a particular
day and the average elapsed time for a haul cycle. The
Dump Subroutine is more fully explained in connection
with FIG. 14m. From step 406, the program calculates
the net pressure in step 410. As indicated in step 410, the
resulting single pressure value is stored in the RAM 125
at a location designated for storage of a body-up pres-
sure reading (i.e., a pressure reading corresponding to
the vehicle body raised off the on-board weighing de-
vice).

In order to provide an indication for other parts of
the program that a dump has occurred, a dump flag is
set in step 420. This signal, together with a gear change
signal and a load signal (discussed in connection with
FIGS. 14j-14k), provide sufficient information to a
central station for it to control the distribution of trucks
11 to minimize cycle time. This aspect of the invention
will be discussed in greater detail in connection with
FIGS. 15-24.

In steps 430 and 435, a calculation is performed to
update the recorded amount of tire use. In step 430, the
distance traveled since the last calculation (the last cal-
culation was taken when the vehicle began loading as
will be explained in connection with the Load Analysis
Subroutine of FIGS. 14/-14k) is multiplied with the
total vehicle weight, i.e., the measured body weight
plus the tare weight of the vehicle. In step 435, the
“ton-mile” data from step 430 is summed with prior
“ton-mile” data. The total ton-mile data provides an
indication whether the tires of the vehicle 11 are wear-
ing in accordance with their ton.mile rating. This data
can be very important since reliable data regarding tire
wear is otherwise unavailable and since replacement of
worn tires is expensive. A calculation for ton-mile is
executed by the sensor processing unit every “segment”
of a haul cycle for which there is a change in body
weight; that is, at the end of a haul after the vehicle has
traveled from loader to dump site and at the beginning
of a haul after the vehicle has traveled from the dump
site to a loader. The time for the current segment of the
load cycle is stored in step 440. The elapsed time indi-
cates how long it took for this load to be delivered to its
destination, i.e., from last dump to present dump.

By printing in step 450 (or storing in ARRAY VII for
later transmission) the current average net weight (cal-
culated in the subroutine of FIG. 14/) in response to
activation of the dump switch 109, the sensor process-
ing unit 101 provides a hard copy of the truck’s load
immediately before the load is dumped by the pivoting
of the body about hinge assemblies 17. The elapsed time
for this load cycle is also printed. The current time is
read in step 455. Finally, if it is determined at step 460
that the current time is greater than the last full hour of
the time last read in step 460 plus one, the MPU 103 can
optionally command the printer 117 to record the time
of the dump in step 470. In order to initialize step 460
for its next execution, step 475 sets the present whole
hour equal to the previous hour.

Referring to FIG. 144, in order to re-initialize the
sensor processing unit 101 after a load has been dumped,
the net pressure array, i.e., ARRAY I, is filled at all of
its 16 locations with the body-up pressure calculated
during step 410. After this “packing” of ARRAY I in
step 480, the sensor processing unit 101 reads the pres-
sure at the pressure sensors 51a-c in step 490 in accor-
dance with the same procedure as previously described.
At step 500, that pressure value is stored in one of the
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storage cells in ARRAY I, thereby replacing one of the
body-up pressures “packed” into the array. From the 16
values in ARRAY I, an average pressure is calculated at
step 510.

At step 520, the sensor processing unit 101 determines
if the average pressure calculated in step 510 is greater
than the body-up pressure plus a constant. The constant
is added as a buffer in order to ensure the vehicle body
13 is lowered onto the tubings 47 before the program
progresses to the next step. Since initially at step 520 the
ARRAY I is packed with the body-up pressure (except
for the one reading obtained and stored during steps 490
and 500, respectively), the average pressure calculated
from ARRAY 1 is approximately equal to the body-up
pressure. Therefore, if the average pressure is less than
the body-up pressure plus a constant in step 520, the
sensor processing unit 101 returns to step 490 via step
521 where another pressure reading is made and the
resulting pressure is stored into ARRAY I at step 500.
With each storage of a new value in ARRAY I, the
oldest value is dropped. The average pressure is again
calculated at step 510 from the values in ARRAY I and
the resulting value is compared to the body-up pressure
plus a constant to determine if the vehicle body has been
lowered onto the tubings 47. Steps 490-520 are repeated
until the average pressure calculated from ARRAY 1
reaches a value (because of the lowering of the vehicle
body 13) that is greater than the body-up pressure plus
a constant. When this occurs the sensor processing unit
101 will branch from step 520 to step 524 in the flow-
chart.

Since a negative decision in step 520 indicates the
vehicle body is not fully resting on the on-board weigh-
ing device, step 521 checks to determine if the vehicle is
moving before returning the program to step 490. Mov-
ing the vehicle with the body raised may cause serious
damage to the hinge assemblies 17 and/or the hydraulic
cylinders 19 and 21. If it is determined in step 521 from
the distance sensor 105 that the vehicle is moving, the
flowchart branches to steps 522 and 523 wherein the
distance traveled is recorded and updated and where a
status flag is set for use in connection with step 524.

If the test in step 520 indicates the vehicle body is
completely lowered, the program leaves the loop of
steps 490-523 and branches to a test in step 524 in which
the status flag of step 523 is investigated. If it has been
set, the vehicle has been moved before the body was
fully lowered. Therefore, step 524 branches to step 525
and 526 in response to a set condition of the status flag.
In step 525, a running total is kept of the number of
dumps for which the vehicle was moved before the
body was fully lowered. Step 526 resets the status flag.

In order to check for a haul-back condition—i.e., not
all of the load was dumped—step 527 investigates the
pressure from the on-board weighing device to deter-
mine if the pressure is greater than tare pressure plus a
predetermined margin. In the exemplary embodiment,
the margin is seven percent of the optimum load. A
determination in step 527 that the average pressure is
too great and a haul back condition exists will result in
the printing of the operator’s number by the printer 117
in step 528 and/or a flashing of the operator’s number
on display 136 (or storing this data in ARRAY VII for
downloading). From steps 527 or 528, the program
moves to step 530 in FIG. 14c where the MPU 103 reads
the current time for use in connection with a later step.

Referring now to FIG. 14¢, at step 540, the direction
switch 107 is again checked to see if a gear shift has
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occurred. If it has, the program branches to step 550 -

where the following information is printed by the
printer 117 (or transferred to ARRAY VII)—gear
shifted from, most recently calculated average net
weight, elapsed time in the previous gear and distance
traveled in previous gear. As with step 390 in FIG. 14¢,
the gear change in step 540 may be stored as a status flag
in order for it to be included with the downloading of
data to a central station as discussed hereinafter. At step
560 the sensor processing unit 101 determines if 25 sec-
onds have elapsed since the time read in step 530. If it
has not, the program returns to step 540 and the unit 101
again checks to see if there has been a shifting of gears.
The delay of 25 seconds implemented at step 560 insures
that the vehicle body 13 has sufficient time to fully settle
on the vehicle frame 15 before the sensor processing
unit 101 continues through its calculations.

After 25 seconds have elapsed, the sensor processing
unit 101 moves forward to step 570 where a new net
pressure reading is calculated and loaded into each of
the 16 locations of ARRAY I. From the 16 net pressure
readings in ARRAY 1, a single average net pressure
reading is calculated at step 580. From step 580, the
sensor processing unit 101 branches back to the begin-
ning of the main loop of the program at step 269,
flagged as “A” in the flowchart.

XI. Detection of Rough Road Condition and Loading
of Vehicle

A periodically generated (for example, two seconds)
timer interrupt causes the sensor processing unit 101 to
execute the steps of the subroutine in FIG. 14f This
subroutine determines whether an increase in current
pressure is attributable to a spike (from rough road
conditions) or the addition of a bucket. If it is deter-
mined the former is the cause of the pressure increase,
the subroutine records the increase as a spike in order to
monitor road condition; alternatively, if it is determined
a bucket has been added, a series of steps are executed to
update the load status of the sensor processing unit 101.

Referring to the particular steps in FIG. 14/, an inter-
nal counter of MPU 103 is checked in step 582 to deter-
mine if the predetermined maximum count set in step
260 of FIG. 144 has been reached. The predetermined
maximum count equals the number of cells in ARRAY
Iin order that successive average pressure values calcu-
lated in the subroutine represent completely different
sets of pressure data. If the value of the counter exceeds
the number of cells in ARRAY I, the program branches
from step 582 to step 584 wherein the current net pres-
sure is examined to determine if it is greater than the old
net pressure reading plus a constant. The constant is a
number which is intended to identify pressure increases
from the last average which are great enough to be
identified if they later prove to be pressure spikes result-
ing from rough road conditions. If the current net pres-
sure is greater than the old net pressure plus a constant,
the program resets the counter at step 586. Otherwise,
the program branches to step 616 whose function will
be discussed later. By setting the counter to zero, the
next interrupt will result in step 582 branching to 588,
instead of step 584 as before.

In step 588, the counter is increment and then exam-
ined, in step 590, to determine if the counter has reached
the maximum count (equal to the number of array cells
in ARRAY I). If the count is less than the maximum
count, the readings in ARRAY I are not necessarily all
new readings with respect to the last average reading.
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Therefore, the program bypasses the calculation of a
new average net pressure and associated program steps
by branching to step 616.

If the current count equals the maximum count, then
the program moves to step 592 wherein the current
average net pressure from ARRAY Iis compared to the
old average net pressure plus a constant to account for
hardware errors (the old average net pressure is the
average net pressure which served as the current net
average pressure the last time step 592 was answered
yes). If the current net average does not exceed the oid
net average, then the increase in pressure which caused
the counter to reset in steps 584 and 586 must have been

‘a spike and not a sustained increase in weight indicative

of an added bucket. Therefore, the program branches to
step 594 wherein the size of ARRAY 1is increased to 24
and the corresponding maximum count is increased to
24, By increasing the size of ARRAY I, more readings
will comprise each average thereby mitigating the ef-
fect of pressure spikes. In order to monitor the rough-
ness of the road, the pressure spikes are recorded in step
§96. From step 596, the program branches to step 616.
In step 616, the weight displayed by the LED display
136 (FIG. 12) is refreshed. Alternatively, or in addition
to this, new weight data can be transferred to ARRAY
VII for downloading to a remote site via a data link.

If the current average net pressure is greater than the
old average net pressure plus an error factor, than a
sustained increase in the load is indicated, i.e., a bucket
has been added. Therefore, the load is updated in steps
598-608. In step 598, the current average net pressure is
converted to weight in preparation for display. Because
the vehicle is being loaded (as indicated by an added
bucket), the vehicle can be assumed not to be moving;
therefore, spikes are unlikely to occur. Based on the
foregoing assumption the size of ARRAY 1 is reduced
to 16 in step 600 in order to provide more frequent
averages (the maximum count is also set at 16). In order
to provide an old net average pressure and an old net
pressure for-the next interrupt in which the count equals
the maximum count, the present average net pressure
and present instantaneous net pressure are designated
old pressures in steps 602 and 604.

Since the vehicle 11 is in the process of loading, a
Load Imbalance Subroutine is called in step 606 and a
Load Analysis Subroutine is called in step 608. These
sub-routines will be discussed in detail in connection
with FIG. 14i-14k, respectively. From steps 590, 608,
584, 586 or 596, the program updates the average
weight shown on the display 136. Of course, if steps
598-608 have been bypassed, the updated average
weight is the same as the old average weight. After the
routine of FIG. 14f has executed its steps, the sensor
processing unit 101 returns to the main program of
FIGS. 14a-14e.

XII. Process of Obtaining a Weight Reading

Turning to the subroutines illustrated by the flow-
charts in FIGS. 14g-14m, each subroutine is called from
the main program represented by the flowchart in
FIGS. 14¢-14/ For the Read Pressure Subroutine of
FIG. 14g, the subroutine is called from step 270 in the
main program. In the first step of the subroutine, a sin-
gle average pressure reading is obtained in step 620 for
the on-board weighing device in the manner previously
described. From step 620, the subroutine calculates fore
and aft pressures in steps 630 and 640, respectively. In
order to calculate the aft pressure, the average pressure
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readings from the rearwardly positioned transducers
5§15 and Slc are averaged. In order to provide a forward
pressure, the pressure values from the forwardly posi-
tioned transducer 51a is read. These fore and aft pres-
sure readings are used in connection with the Imbalance
Subroutine called in step 606 and set out in FIG. 14/
In steps 650 and 660 of the Read Pressure Subroutine,
the side-to-side pressure of the vehicle body on the
on-board weighing device is determined. Specifically,
in step 650, the pressure reading from transducers on a
first side of the vehicle 11 is measured to provide a
pressure for the first side. Correspondingly, for the
opposite side, the pressure reading from sensors §lc is
measured. As with the fore and aft pressure readings,
the side-to-side pressure readings are used in connection
with the Imbalance Subroutine of FIG. 14i After the
pressure transducers S1a-c have been read and the ap-
propriate pressure measurements calculated, the sub-
routine returns to the main program at step 275.

XIII. Operator Summaries

Referring to the Operator Summary Subroutine in
FIG. 144, data indicative of operator performance may
be gathered and stored during vehicle operation under
the control of a particular operator number and thereaf-
ter summarized and displayed or printed when the oper-
ator number is changed. Although the steps of FIG. 144
are described in connection with organizing data in
connection with an operator number, it will be appreci-
ated that the number, input via keypad 122, need not
only be indicative of an operator change, but it may also
be indicative of changes in vehicle status occurring
while under the control of a single operator, e.g., haul-
ing, break time and other identifiable time segments in a
daily routine. For example, summaries in accordance
with FIG. 144 may be kept for the duration of the con-
trol by an operator, but entry of an additional number
via keypad 122 may be recognized by the sensor pro-
cessing unit 101 as identifying a loader for which sum-
maries are also to be kept. When the vehicle is directed
to a different loader, the operator merely enters the new
loader number into the sensor processing unit 101 via
the keypad 122 and, in response to the number change,
the unit outputs the performance summaries while the
vehicle was loading from the previous loader. Alterna-
tively, a transponder-type arrangement such as a RF
transponder may be used to automatically identify a
loader. From the foregoing, other natural extensions of
this concept exemplified in FIG. 14k will be obvious to
those familiar with vehicle management.

The flowchart for the Operator Summary Subroutine
sets forth exemplary types of data that can be stored and
summarized by the on-board weighing device during its
normal operation. For example, since the on-board
weighing device calculates the total load for each haul-
ing cycle, the load weight may be stored and accumu-
lated for all the hauling cycles for a particular vehicle
and operator number. By accumulating pressure read-
ings from the on-board weighing device which reflect
the total tonnage hauled by the operator, useful infor-
mation indicative of operator performance can be ob-
tained.

In order to mark the end of the time interval for
which the vehicle was under the control of the previous
operator number, the present time is read in step 669. In
step 670, the current time or real time read in step 669 is
designated as the “new operator time.” To find the
elapsed time of control under the previous operator, the
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“old operator time is subtracted from the new operator

time in step 671. In order to prepare for the next opera-
tor change, step 672 sets the new operator time identi-
fied in step 670 equal to the old operator time. In step
673, the total tonnage hauled is divided by the total
number of buckets (which is also counted and accum-
mulated) in order to give an indication as to the average
weight for each bucket. The weight of the average load
is found in step 674 by dividing the total tonnage hauled
by the total number of loads. In addition, in step 675, the
total number of spikes recorded during the hauling
cycles is divided by the total number of loads to provide
an average number of spikes for each load which is
indicative of the degree of road roughness. To provide
an indication of tire use, the subroutine calculates a
value for tons-miles per hour in step 676 by dividing the
total “ton-mile” from step 435 by the total time under
operator control. In order to display the average time
for a haul cycle, step 677 divides the total time under
operator control by the total number of loads hauled by
the operator. To find the average distance traveled per
load cycle with the body of the vehicle raised, step 678
divides the total body-up distance (from step 522) by the
number of body-up loads (step 525). The foregoing data
is stored in ARRAY III of RAM 125.

In step 680, the average number of buckets per load is
calculated from information accumulated during the
hauling cycle—i.e., the total number of buckets from
step 790 and the total number of loads hauled by the
operator. In step 690, the average time between buckets
is calculated. Since the addition of each bucket is sensed
by the routine of FIG. 14/, the time between successive
buckets is easily determined (in step 690). By summing
the times and storing the sum in ARRAY II, the aver-
age time between buckets for an operator can be calcu-
lated and printed. This average will give an indication
of possible problems during the loading cycle. In step
700, the longest time interval between buckets for each
hauling cycle (from step 1020) is summed and divided
by the total number of hauling cycles to give a value
indicative of the average maximum elapsed time inter-
val between buckets for the operator. Finally, in step
710 the average values calculated in steps 673-700 are
printed by printer 117 in order to give the operator and
his employer a hard copy of the foregoing hauling pa-
rameters. Of course, as with the previous data outputs,
this data may be transferred to ARRAY VII to await
downloading to a central station via a radio data link
established by the on-board transceiver 150. From step
710, the subroutine returns to the main program at step
280.

X1IV. Detection of a Load Imbalance

Referring now to FIG. 14}, the Imbalance Subroutine
called from step 606 in the routine of FIG. 14f tests to
determine if the weight distribution of the load carried
by the vehicle body 13 is significantly imbalanced. In
step 720, the Imbalance Subroutine checks to determine
if the most recent net pressure reading is greater than 65
percent of a predetermined maximum load pressure. If
the vehicle body 13 has not yet been loaded to this
percentage of its capacity, then the program will exit
the subroutine and return to the main program at step
608 in FIG. 14/ When the vehicle body has been loaded
to a weight which is greater than 65 percent of the
maximum load the Imbalance Subroutine will test for
side-to-side imbalance and fore-and-aft imbalance in
steps 730 and 740, respectively.
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In step 730, the side-to-side balance is tested by deter-
mining if the optimum balance ratio (i.e., 1.0) multiplied
by the pressure of the second side and subtracted from
the pressure of the first side has an absolute value
greater than, for example, ten percent of the truck’s load
capacity. If the test in step 730 indicates an imbalance of
the load, the subroutine activates the display 136 (FIG.
12), audio output 119 (FIGS. 3 and 12) and/or printer
117 (FIGS. 3 and 12) at step 750 in order to warn the
operator of the vehicle. This data may also be down-
loaded via ARRAY VII. From step 750, the program
checks for fore-and-aft imbalance at step 740. Alterna-
tively, if a side-to-side imbalance is not indicated by the
test in step 730, the subroutine branches directly to step
740 where an algorithm similar to the algorithm in step
730 is utilized to test for a fore-and-aft imbalance. (The
optimum ratio for fore-to-aft balance may be, for exam-
ple, —3 to +3.) If a fore-and-aft imbalance is indicated
in step 740 the program moves to step 760 wherein the
display 136 imbalance signal 121 (FIGS. 3 and 12) and-
/or printer 117 (or other indication such as vehicle
mounted light to alert loader operator) is activated to
alert the vehicle operator that the vehicle body is
loaded in an imbalanced condition which may cause
damage to the vehicle (this data may also be down-
loaded via ARRAY VII). From the Imbalance Subrou-
tine, the program moves to the Load Analysis Subrou-
tine.

XV. Analysis of Loading Process

Referring now to FIG. 14/, the Load Analysis Sub-
routine provides data related to the loading of the vehi-
cle body by a shovel or a loader using a bucket to load
the body. By analyzing and summarizing data related to
the buckets which are incrementally loaded into the
vehicle body, useful information regarding the effi-
ciency of the loading cycle can be obtained. The Load
Analysis Subroutine is called from the routine of FIG.
14fif it is determined at step 592 that the current aver-
age of the net pressure readings in ARRAY 1 is greater
than the old average net pressure plus a predetermined
constant. As explained in connection with FIG. 14f
when the current average of the net pressure readings in
ARRAY 1 is greater than the old average of the net
pressures plus a constant, it can safely be assumed a
bucket has been added into the body of the vehicle;
therefore, the Load Analysis Subroutine will be exe-
cuted starting at step 770 wherein a new bucket pressure
is calculated by subtracting the old average net pressure
from the current average net pressure.

In step 780, an average value for the bucket pressure
for this load is calculated by multiplying the previous
average bucket pressure per load by the number of
previous buckets per load and adding the product to the
new bucket pressure calculated in step 770. The forego-
ing sum is then divided by the number of buckets per
load which is the number of previous load buckets plus
one. In steps 790 and 800, the subroutine updates the
number of total buckets and the number of buckets for
the current loading cycle, respectively. In steps
810-815, the time of the bucket is recorded for use in
connection with steps in the Load Analysis Subroutine
to be discussed hereinafter.

In step 820 of the Load Analysis Subroutine, a test is
conducted to determine if the current bucket is the first
bucket of a hauling cycle. If the current bucket is the
first bucket of a hauling cycle, the program branches to
steps 825-829 before returning to the main program
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loop at step 616 in FIG. 14/, For use in connection with
later calculations related to bucket loading time and
total buckets, step 825 renames the “new bucket time”
as the “old bucket time” and 1nitializes ARRAYS V and
VI of RAM 125. For use in connection with communi-
cating with a central station for controlling the flow of
the vehicle fleet, a load flag is set in step 827. This flag
may be used in connection with transmitting data from
the on-board weighing device to a central station. Fi-
nally, in steps 828 and 829, a fresh ton-mile rating is
taken which corresponds to the ton.mile rating for the
haul segment from the dump site to the loading site.

If the current bucket is not the first bucket of a haul-
ing cycle, the program branches from step 820 to steps
830-860. In step 830, a calculation is made of the
elapsed time between the addition of the current bucket
and the time at which the previous bucket was added at
step 830. In step 840, the bucket times are updated in
order to prepare the data for the next bucket. In step
850, the elapsed time between the current bucket and
the previous bucket is added to a running total of time
intervals between buckets to provide a total elapsed
loading time. This total elapsed loading time is used in
connection with step 690 of the Operator Summary
Subroutine in order to provide data indicative of vehi-
cle and operator performance.

In order to store the net pressure of each bucket, step
852 loads ARRAY V with the pressures for all the

- buckets of a current load cycle. The last cell, N, in
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ARRAY V is used as a storage location for the value of
the average bucket weight for a load. In connection
with the storage of these pressures, step 855 stores the
elapsed time between the addition of buckets in a load
cycle in ARRAY VI. The data in ARRAYs V and VI
may be used in connection with providing a detailed
performance report of each loading cycle.

In steps 860-885, the longest elapsed time between
buckets is found. In step 860, the program tests to deter-
mine if the current bucket is the second bucket. If the
current bucket is the second bucket, then the program
automatically designates the current elapsed time be-
tween buckets as the maximum elapsed time between
the buckets in step 870. Alternatively, if the current
bucket is not the first or second bucket as determined in
steps 820 and 860, the program will branch to step 880
wherein- the current elapsed time between buckets is
tested to determine if it is greater than the maximum
elapsed time between buckets previously recorded. If
the current elapsed time between buckets is not greater
than the previously recorded maximum elapsed time
between buckets, the program branches to step 890
(FIG. 14k); otherwise, the program designates the
elapsed time between buckets as the new maximum
elapsed time between buckets at step 885. The maxi-
mum elapsed time is used in connection with step 700 of
the Operator Summary Subroutine.

XVI. Loading Lights

Referring now to FIG. 14%, the current average net
pressure is tested to indicate whether the load of the
vehicle body is sufficiently close to the maximum load
capacity of the vehicle such that further addition of
material by a full bucket would overload the vehicle
body. In order to prevent the vehicle from being over-
loaded, steps 890-920 test to determine if the remaining
capacity of the vehicle-body 13 is less than the weight of
an average bucket being loaded for this load as calcu-
lated in step 780 of the subroutine.
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Specifically, in step 890 the average net pressure is
compared with the predetermined maximum of the
vehicle body minus one-quarter of the average bucket.
If the average net pressure is greater than the maximum
load minus one-quarter of the average bucket, the vehi-
cle body will be overloaded by the addition of as little
material as fills one-quarter of the bucket. Therefore,
the subroutine branches to step 895 wherein the red
light 123e of the load indicator panel is activated. The
red light 123¢ serves to warn the loader operator that
the vehicle body 13 is loaded to capacity and to stop
loading the vehicle body.

If the average net pressure is not greater than the
maximum load minus one-quarter of the value of an
average bucket the subroutine moves to step 900
wherein the current average net pressure is compared
with the predetermined maximum load minus one-half
the value of an average bucket. If it is determined that
the current average net pressure is greater than the
maximum load minus one-half the average bucket, the
subroutine branches to step 905 wherein the one-quarter
yellow light 123d of the load indicator 123 in FIG. 3 is
activated. For the loader operator, the one-quarter yel-
low light 1234 indicates that load may be added to the
vehicle body 13 but only in an amount less than one-
quarter of the volumetric capacity of the bucket of the
loader.

If the test in 900 determines that the average net
pressure is not greater than the maximum load minus
one-half the average bucket, then the subroutine tests at
step 910 to determine whether the current average net
pressure is greater than the maximum load minus three-
quarters the value of the average bucket. If a positive
determination is made in step 910, the subroutine
branches to step 915 wherein the one-half yellow light
123c¢ is activated on the load indicator 123. In a similar
manner as the one-quarter yellow light 1234, the one-
half yellow light 123c¢ indicates to the operator of the
loader that the next bucket of material must be no
greater than one-half the volume of the bucket in order
to avoid overloading the vehicle body 13.

If the test in step 910 is negative, the subroutine tests
to determine if the current average net pressure is
greater than the predetermined maximum load minus a
full average bucket. If the test in step 920 is positive, the
subroutine activates the three-quarter bucket load yel-
low light 123b of the load indicator 123 in step 925. If
the test step 920 is negative, the green light 123z of the
load indicator 123 is activated in order to indicate to the
operator of the loader that a full bucket load of materia!
may be added to the vehicle body 13 without overload-
ing the body. From steps 890-926, one of the lights
123a-¢ on the load indicator 123 will always be acti-
vated during the loading of the vehicle body 13.

Digressing briefly to FIG. 3, the lights 123a-¢ of the
load indicator 123 are positioned in a stacked arrange-
ment such that there relative positions give an indica-
tion of the degree of remaining vehicle capacity. Specif-
ically, the green light 1232 occupies the lowermost
position in the stack of lights 123a-e¢, thereby indicating
that the vehicle body has capacity for a full bucket load.
The red light 123e at the top of the stack, indicates the
vehicle body is full and no further bucket loads should
be added. The three yellow lights 1235-d are positioned
intermediate the green and red lights in order to indi-
cate weight bucket capacities intermediate the full
bucket capacity symbolized by the green light 1232 and
no remaining capacity symbolized by the red light 123e.
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XVII. Analysis of Axle Loads

Referring now to FIG. 14L, the Axle Load Analysis
Subroutine is called from the main program at step 305
when a determination is made in step 304 that the opera-
tor has called for an analysis of the axle load. As ex-
plained in connection with the illustration of FIGS. 10a
and 105, the pressure in the hoist cylinders 19 and 21 is
required to calculate the distribution of the load be-
tween front and rear axles. Accordingly, in step 928 the
pressure from transducer 102 (FIGS. 3 and 12) is read
by the MPU 103 and converted to a weight measure-
ment. In order to get a total body weight, the weight of
the load derived from the current average pressure is
added to the tare weight of the vehicle body in step 929.
In step 930 the center of gravity for the load is calcu-
lated from the total weight and the weight measurement
from the sensor 102 in the hoist cylinder system. The
particular algorithm used in step 930 in order to calcu-
late the location of the center of gravity for the load is
set forth as equation (2) in connection with FIGS. 10a
and 105. With the center of gravity for the load known,
the distribution of the load over the front and rear axles
is determined in steps 940 and 950, respectively, using
equations 4 and 6.

In step 960 the tare weights for the front and rear axle
are added to the axle loads for the front and rear axles
calculated in steps 940 and 950. Therefore, the weight
for the front and rear axles obtained from step 960 re-
flects a total weight on the front and rear axles. Finally,
in step 980, the subroutine commands the printer 117 to
print the weights bearing on the front and rear axles (or
store in ARRAY VII).

XVIII. Totaling of Parameter Values at End of Haul
Cycle

Turning now to FIG. 14m, the Dump Subroutine is
called by step 406 of the main program after the dump
sensor has been activated as detected in step 400. The
Dump Subroutine summarizes selected parameters at
the end of a hauling cycie which is indicated by the
activation of the dump sensor 109. In step 1000, the
current average net weight is added to the total of pre-
vious weights hauled in order to provide the total ton-
nage hauled by the vehicle while under control of the
operator. The total tonnage hauled is used in connection
with the Operator Summary Subroutine. Because the
activation of the dump switch 109 indicates an end to a
hauling cycle, the number of buckets per load and the
average bucket pressure per load are set equal to zero in
step 1010 in order to initialize these values for the next
hauling cycle. In step 1020, a total maximum elapsed
time between buckets is updated by adding the maxi-
mum elapsed time between buckets for the last loading
cycle.

In order to record the number of hauling cycles, step
1030 increments a stored number identified as “total
number of loads” which is used in connection with the
Operator Summary Subroutine to provide averaged
data indicative of -operator performance. In order to
keep track of road roughness, the total number of spikes
recorded during a hauling cycle is added in step 1040 to
the number of spikes during previous hauling cycles.
The total number of spikes is used in connection with
the Operator Summary Subroutine in order to provide
an indication of road ‘quality. Following step 1040,
spikes are set equal to zero in order to provide a fresh
basis for accumulating spikes in the next load cycle.
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In step 1050, a test is conducted to determined
whether the current average net pressure is greater than
a predetermined maximum pressure which corresponds
to the maximum weight capacity of the vehicle. If the
test in 1050 is positive, the overloading of the vehicle is
recorded in steps 1060-1080. In step 1060, an overload
counter is incremented to indicate that the present haul-
ing cycle was an overload cycle. In step 1070, the
amount of overloading or “overage pressure” is calcu-
lated by subtracting the average net pressure from the
maximum allowable pressure. The overage pressure for
the present hauling cycle is added to a total overage
pressure for all hauling cycles in order to provide a
pressure value indicative of the total weight by which
the vehicle has been overloaded. From either step 1080
or from a negative indication in step 1050 the Dump
Subroutine moves to step 1090 wherein the printer 117
(FIGS. 3 and 12) is activated to print the weight of each
bucket for the just completed haul cycle (stored in
ARRAY V) and the elapsed time between each bucket
(stored in ARRAY VI). This data may also be trans-
ferred to ARRAY VII for downloading.

XIX. Real-Time Downloading of Data

As is apparent from the foregoing description, large
amounts of data are gathered from the on-board weigh-
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ing device and related on-board sensors. When a plural- -

ity of trucks in a fleet are equipped to collect such data,
in order for this data to be most efficiently collected and
correlated it can be downloaded in order to create and
maintain a historical data base of vehicle fleet activity
and performance. Obviously, the printer 117 provides a
permanent record. However, for large fleets it is cum-
bersome, at best, to store this data in this form with an
intent of later analyzation and reference. Therefore, to
allow the data generated to be more easily manipulated
and analyzed, the sensor processing unit 101 may be
coupled to a storage memory such as a cassette tape or
non-volatile memory pack to download the ARRAYS
when they reach their capacity. However, any down-
loading to paper tape, cassette tape or memory pack, in
this manner is not on a real-time basis and this requires
data collection operator or management intervention in
order to assure that the downloaded data is collected in
a timely manner—e.g., collection of paper tape.

Therefore, preferably, and in accordance with one
aspect of the invention, the accumulated real-time data
can be of the most value if it is downloaded by a data
link from the on-board device to a remote fixed location
where a historical real-time file can be created and ana-
lyzed in order to give management personnel at a re-
mote site a current indication of vehicle fleet perfor-
mance. By analyzing the downloaded real-time data,
the truck loading equipment may also be evaluated. As
a feature of the real-time data downloading, each vehi-
cle in a fleet is able to communicate with a central sta-
tion via data links. In turn, data may be communicated
back from the central station to the individual trucks;
therefore, instructions/directions can be sent selectively
to haulage vehicles.

The organization of data to form the particular data
bases discussed herein is intended to be only exemplary.
The creation of particular data bases will depend on
management objectives. In the embodiment in FIGS. 13
and 14, historical data bases are created in memory
stored on-board the vehicle. It will be appreciated that
these data bases may be downloaded to a fixed-site
facility for use by management personnel either on a
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real-time basis or at periodic intervals such as the end of
a work shift. The data base of FIGS. 19a-19d define
files containing time segments of a haul cycle. In the
illustrated embodiment, these files are used to imple-
ment dispatching of vehicles. Location data can be
particularly useful in combination with weight data for
providing information to management in the form of a
historical data base. Such a data base allows manage-
ment to critique vehicle performance and make adjust-
ments to vehicle routes, for example, if necessary to
improve performance. Such a data base may also serve
as a basis for a real-time vehicle dispatching function.
FIGS. 25 and 27 illustrate the implementation of a loca-
tion/load system in accordance with the invention in
connection with a refuse-hauling vehicle.

(A) Downloading to Implement Automatic
Dispatching

Referring to FIGS. 15q and 15, in mining operations
or similar type hauling, it is not unusual for there to be
simultaneously hauling of overburden, coal or the like.
Also, in large operations, more than one loader 160
services the vehicle fleet and there may be more than
one dump site. Gathering data generated by the sensor
processing unit 101 and controliing traffic flow from the
dump sites to the loaders 160 or vis-versa becomes un-
wielding, and therefore inefficient, when the mining
operation is large and many trucks and loaders are in-
volved. As a function of its data gathering capabilities,
the on-board weighing system described herein allows
the electronic system of FIG. 12 to accurately record
the elapsed time of a hauling cycle or segments thereof
and, since the on-board weighing system provides an
indication to the electronic system when a load cycle
begins and ends, as a transceiver 150 and 198 is mounted
to each vehicle 11 (illustrated in FIG. 3) for data down-
loading with a central station 155 data can be gathered
by the central station 155 and analyzed. This data can be
utilized by the central station to provide instructions
and directions for efficient traffic control and remote
monitoring of vehicle performance. Other data, in addi-
tion to the above, as outlined in the flowcharts of FIGS.
14a-14m can also downloaded to the central station 155
for storage and analysis.

Because the on-board weighing device and its associ-
ated circuitry determines when vehicle loading starts
(the first bucket is sensed) and vehicle loading ends
(first gear shift after first bucket) and when dumping
begins, the central station 155 is able to use this data (as
well as other operating data) to provide instructions and
directions for controlling movement of the haulage
vehicles without depending on any human cooperation,
e.g., no one need remember to manually hit a load or
dump switch to signal the central station. Because the
system is fully automated, it is highly reliable. In addi-
tion, the data gathered by real-time data downloading
from the on-board weighing device, when stored and
analyzed by the central station, allows precise control
of the routing of the vehicles for top efficiency.

Referring to FIGS. 16a-16b, by way of RF trans-
ceiver 150 each of the vehicles 11 downloads a data
frame comprising a synchronization word followed by
the equipment (e.g., vehicle) number and the raw data,
including equipment location from the signposts. The
type of data is identified to the central station 155 by its
position in the data stream. In response to the position
of the data in the data stream, the central station 155
stores and analyzes the data in the appropriate manner.
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After the central station 155 properly analyzes this data
it may, depending on vehicle status, send a data frame
comprising a synchronization word sequentially fol-
lowed by the particular equipment number and control
data.

In operation, the central station 155 receives the raw
data in the data stream from a vehicle 11 in response to
a polling request provided by the RF link and updates
its data base with new data. If the present status indi-
cates the vehicle requires a dispatch instruction for its
next destination, the central station makes a decision
based on its data base and transmits by way of trans-
ceiver 155a (FIG. 17) a data frame as illustrated in FIG.
16b, containing a particular equipment number the cen-
tral station wishes to address and a particular destina-
tion I.D. which the central station wishes to direct the
vehicle.

Obviously, whether the data frame includes load or
dump data indications depends on whether the dump
switch 109 has been activated or whether a first bucket
has been added. As will be explained in greater detail in
connection with FIGS. 21-24, the central station 155
receives the data in the data frame from the vehicles 11
and concludes from the data which loader 160 can pro-
vide the quickest load cycle time for a vehicle now
loading and therefore ready for instructions and/or
directions to a dump site and subsequent load site. Al-
ternatively, designation of a loader 160 can wait until
the vehicle 11 has reached its commanded dumpsite.
Once the central station 155 has determined which
loader will minimize the time of a haul cycle and/or
which dump site is the proper one, the central station
transmits by way of transceiver 1554 (FIG. 17) the data
frame containing a particular vehicle number the cen-
tral station wishes to address and a particular loader or
dump site number to which the central station wishes to
direct the vehicle. Each vehicle receives the data frame
from the central station 155, but only the vehicle having
the same vehicle number as the number transmitted will
respond to the data containing the loader/dump site
destination number. When the vehicle number and the
vehicle data number correspond, the loader/dump site
or other site designation number transmitted with the
vehicle number is either displayed on the LED display
of the designated vehicle or printed as hard copy on the
vehicle’s printer 117. From the destination number, the
vehicle operator knows which loader to go to for his
next task. For example, the central station 155 delivers
loading area destination data to a hauling vehicle in an
open-pit mining operation after the vehicle has dumped
its load. Many other useful destination commands will
be appreciated by those familiar with mining opera-
tions.

In the system of FIG. 15a, the central station 155
communicates with each of the sensor processing units
101 on board the vehicles by way of an electromagnetic
link (preferably an RF link). Data transmitted to the
central station 155 from each of the sensor processing
units 101 by way of the on-board RF transceiver 150
(FIG. 3) is processed by the central station and instruc-
tion data is returned to each sensor processing unit 101
via the RF link.

In keeping with the invention,, means are provided
for providing location data which compliments the
weight data gathered by the on-board processor 101.
The location data may be generated by the detection of
signposts locally positioned with respect to the work
areas of the vehicles. Alternatively, the signposts may
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be remotely located and together form a network which
grids the work area. Such a remote system may be
LORAN:-based or GEOSTAR-based systems. In this
regard, the system of the invention on-board the vehicle
11 may include a location device (200 in FIG. 12) simi-
lar to those used in other known applications to detect
location signals generated by a LORAN or GEOSTAR
system.

Referring to FIGS. 15a-15b, a plurality of local sign-
posts are provided at intended locations of the vehicles
wherein each signpost is characterized by indicia that
are distinctive to the associated destination. On board
each vehicle is an apparatus for detecting the indicia of
each signpost and generating data indicative of vehicle
location. The location data is correlated with data from
some or all of the sensors 102, 105, 107, 109, 110, 113
and 116 in FIG. 3 by either the sensor processing unit
101 on board each vehicle or by the central station 155.
A data base developed by the central station 155 from
data downloaded from all the vehicle sensor processing
units 101 provides the central station with an informa-
tion base for monitoring and controlling the movement
of the vehicles 11. Specifically, the downloaded data
may be used by the central station 155 to route a vehicle
which has just loaded to a dump site and then after the
vehicle has dumped its load to a piece of loading equip-
ment that is the least busy.

In a first embodiment, an infrared (IR) transceiver
198 in FIG. 3 is mounted to each vehicle for detecting
coded IR radiation within a predetermined range of the
source of the radiation such that detection of the coded
IR radiation provides an indication of the location of
the vehicle within the working area. Radiation from
each IR source is uniquely coded so that the sensor
processing unit 101 associated with the detecting trans-
ceiver may identify the region of the working area the
vehicle is within. Because the IR radiation is greatly
attenuated as it propagates through the air, the effective
range of each source is quite limited. Although this
feature of significant attenuation is commonly viewed
as undesirable, in the system of the invention it is a
desirable feature because multiple IR sources can be
strategically placed in the working area of an open-pit
mine site yet remain separated by distances such that
their effective ranges do not overlap.

In FIGS. 15a and 155, infrared or IR radiators 180 are
signposts according to the invention that are strategi-
cally placed such that their effective ranges (indicated
by the dashed closed loops) do not overlap. Distribution
of the IR radiators may be limited to only load and
dump sites or it may be more extensive and include
intermediate or in-transit locations as suggested by IN-
TRANSIT AREA 1 in FIGS. 152 and 155. Finally, the
IR link between a loader and a vehicle may be bi-direc-
tional in order to give the operator of the loader an
indication of the vehicle’s load condition. Such a com-
munication link would be similar to the link set forth
above in connection with the central station 155.

For example, as the vehicle 11 in FIG. 154 leaves the
DUMP AREA 1, it is notified by the central station 155
which loading area (n) has the minimum delay. The
vehicle 11 is then on its way to that particular loading
area. The vehicle 11 may possibly accumulate some
data in route to that particular loader 160. If the vehicle
is polled again in transit, hauling and location data accu-
mulated enroute to the designated loading area (n) is
transmitted to the central station 155.
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Once the vehicle 11 gets to its designated loader 160
or loading area, the gearshift is placed in neutral or
reverse by the driver. This change in gear is detected by
the F-N-R direction switch 107 of the on-board weigh-
ing apparatus and the data is downloaded via the RF
transceiver 150 to the central station 155. Because the
downloaded data includes a location code from the IR
transceiver 198, the central station 155 thereby has fur-
ther confirmation that the vehicle 11 has arrived at the
designated loader. An example of an IR receiver suit-
able for implementing the invention on each vehicle is
an Automata “IRRX” infrared receiver manufactured
by Automata Corporation, Grass Valley, Calif. An IR
transmitter suitable for use as a signpost is a pared down
field station with an infrared transmitter that is also
manufactured by Automata. The function of the IR
signpost 180 is to send a location I.D. number to the IR
receiver on board each vehicle 11. Each IR transmitter
180 is adjusted to have a wide angle transmit beam.

FIG. 15b illustrates alternative means for download-
ing data to the central station 155. If each signpost uti-
lizes an IR transceiver (instead of only a transmitter as
in FIG. 152), data may be download from a vehicle
within the effective area of the signpost via an IR link
between the signpost and the IR transceiver 198
mounted on the vehicle. From each signpost, the down-
loaded data can be transferred back to the central sta-
tion 155 via either an RF link provided by RF transceiv-
ers 181 similar to those on board the vehicles in the
system of FIG. 15a or via a hard-wire link 182 provided
by cable connections from each signpost to the central
station. Data is transferred to the vehicles by the reverse
routing—i.e., RF or hard-wire link to infrared link. In
certain situations, the alternative approach suggested in
FIG. 156 may be more economical than that of FIG.
15a since a RF transceiver need not be provided for
every vehicle 11. .

The central station 155 or base station may use its
data base developed from information downloaded to it
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from the various on-board weighing devices to develop

a dispatch signal for each vehicle as it leaves a signpost
location site. Specifically referring to FIGS. 154 and
155, the central station 155 includes means for determin-
ing the loading area (n) that is the least busy and means
for dispatching the vehicle to that area. The data base
developed by the central station 155 includes records of
elapsed times for different segments of a haul cycle.
Preferably, these segments include 1) loading time, 2)
loaded haul time, 3) actual return time and 4) queuing
time at the loading site. A complete haul cycle is de-
fined as a completed round trip from a load site to a
dump site and back to the load site or from a dump site
to a load site and back to a dump site. In order to orga-
nize the collected data, the data base preferably is com-
prised of a file for each hauling segment. In order to fill
each file with data, the sensor processing unit 101 accu-
mulates the appropriate data and downloads it to the
central station 155 via the RF link as will be explained
more fully hereinafter.

For the loaded haul time, the sensor processing unit
101 begins to accumulate time after the F-N-R direction
switch 107 is first shifted to its forward position for a
measurable period of time after the on-board weighing
device indicates loading has begun. The sensor process-
ing unit 101 stops accumulation of loaded haul time
when a signal is detected from the dump switch 109
indicating the load has been dumped.
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For loading time, the sensor processing unit 101 reads
data from the on-board weighing device and the F-N-R
switch 107. When the sensor processing unit 101 senses
an increase in the load carried by the vehicle, the sensor
processing unit 101 begins to accumulate time as “load-
ing time”. Accumulation is stopped when the sensor
processing unit 101 senses a shifting-of the F-N-R direc-
tion switch 107 to a forward position after a measurable
period of time.

For the return time, the sensor processing unit 101
begins to accumulate time after the dump switch 109 is
activated, and it stops accumulating time when the
on-board weighing device indicates loading has begun.
In order to determine the actual return time, the pro-
cessing unit 101 subtracts the “queuing time” from the
return time, thereby providing a more accurate indica-
tion of the time required to return to the loading site.
Queuing time is the time in which a vehicle waits at a
loading area before it begins loading.

For the queuing time, the sensor processing unit 101
reads data from the distance sensor 105 (an odometer)
and the F-N-R switch 107. The processing unit 101
beginsto accumulate queuing time if it senses no move-
ment of the vehicle while the F-N-R direction switch
107 is in a forward position for more than a predeter-
mined period of time—e.g., five seconds. Alternatively,
when the F-N-R direction switch 107 is placed in neu-
tral, the sensor processing unit 101 will also accumulate
queuing time.

Data gathered by each of the vehicle sensor process-
ing units 101 are downloaded to the central station 155
wherein the accumulated data is organized into a data
base having a plurality of files which not only allows
the central station to dispatch vehicles to a piece of
loading equipment with the shortest actual loading
delay time, but also allows the central station to main-
tain fleet balance by sensing over or under utilization of
equipment. Specifically, as part of the dispatch function,
the central station 155 totals the waiting times associ-
ated with the pieces of loading equipment and deter-
mines if the overall operation is unbalanced—e.g., too
many vehicles or too few pieces of loading equipment
(vis-a-vis too few hauling vehicles or too many pieces of
loading equipment).

During data downloading by the vehicles 11 to the
central station 155, data may be transmitted indicating
an “out-of-service” condition or an “in-transit” condi-
tion for the vehicle. By providing data such as the fore-
going, the central station 155 may keep track of which
vehicles are currently loading, dumping, in transit or
out of service. As vehicles 11 are directed to various
loaders 160, dump sites, etc., the central station 155
notes a projected time of arrival for the vehicle based on
its historical data base as explained more fully hereafter.
If a vehicle 11 fails to arrive at its designated location
within this time period plus a predetermined percentage
of the period, then the central station 155 may provide
a sensory alert to management personnel so that the
status of the vehicle can be checked. For those vehicles
11 which go out of service, the central station 155 can
update the load delay for the particular loader 160 for
which the out-of-service vehicle was destined.

Information from each of the vehicle sensor proces-
sor units 101 is downloaded to form a central station
master data base schematically illustrated in FIGS.
192-19d that is associated with the central station 1585.
The files of the data base are easily manipulated in keep-
ing with the invention to provide useful real time infor-
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mation to management personnel. Conceptually, the
master data base shown in FIG. 194-194 of the central
station 155 contains four primary files from downloaded
data:
1) Loading time for each type of vehicle with each type
of loading equipment (FIG. 19a);
2) Loaded haul time from each type of loader to each
dump area for each type of vehicle (FIG. 19b);

3) True return time from each dump area to each type
of loader for each type of vehicle (FIG. 19¢); and
4) Total haul cycle time for each type of vehicle from
each type of loader to each dump area (FIG. 19d).
This master data base is constructed from an underlying

data base for each vehicle (not shown).

Each of the first three data files (FIGS. 192, 19b and
19¢) records segments of a hauling cycle such that the
sum of all three segments is a complete cycle. The sum
of the three segments is provided in the fourth file
shown in FIG. 194. In the illustrated files, provision is
made for two types of vehicles, Tj and T, two loading
sites, L1 and Ly, and two dump sites, Dy and Dj. For
example, the first column in the data file of FIG. 194 is
Ti1/L1, which indicates loading times for T type vehi-
cles at loading area L. In FIG. 195, each column is the
time recorded for a vehicle of a particular type (T; or
T») to travel from a loading area (L} or L) to a dump
area (D) or Dj). The data file of FIG. 19¢ is for the
opposite route—i.e., from dump area to loading area.

As a particular example of the application of the four
~ primary files in the master data base, if a mine has ten
170-ton Haulpak vehicles and ten 120-ton Euclid vehi-
cles, then the central station 155 will have an underlying
data base including historical subfiles for each vehicle.
Data from the Haulpak subfiles are reorganized into the
four primary files; a likewise reorganization is done for
the Euclid data. Then, as each respective vehicle gener-
ates data, its corresponding historical subfile and the
appropriate cells in the primary data files are updated.
Data from the primary files may be used to dispatch the
vehicles to particular locations and thereby control fleet
movement to achieve a desired goal.

Finally, a portion of the data downloaded to the
central station 155 may, in addition, be downloaded to a
processor (not shown) on-board the loader 160 loading
the vehicle in order to give the operator of the loader an
indication of the vehicle’s load condition. Such a com-
munication link would be similar to the link set forth
above in connection with the central station 155. The
specific type of RF link could be any type of commer-
cially available data link suitable for transfer of the type
of data here involved such as the Telxon RF/FM data
communication system using a two-way asynchronous
protocol. Such a system is used in an RFX-10 system
(full duplex), manufactured by Telxon, Inc., 3330 W.
Market St., Akron, Ohio 44313. It will be appreciated
from the foregoing that data such as the operator sum-
maries of ARRAY II will be downloaded from the
memory of the vehicle sensor processing unit 101 to the
central station 155 for storage and analysis.

The central station 155 includes means for giving
preference to certain loading sites in a dispatch decision,
depending on selected parameters chosen by the opera-
tor. For example, the primary files of the data base used
by the central station 155 to make dispatch decisions
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ore existing at each load site. From this additional data,
certain load sites may be given preference in dispatch
decisions in order to control the blend of ore at a dump

4

‘site. Other factors may be integrated into the dispatch

decisions in order to precisely control the mining of ore
and the utilization of the vehicle fleet in a desired man-
ner.

In order to provide a two-way RF link, the central
station 155 includes a commercially available trans-
ceiver 1554, a modem 1555 and a controller program
155c¢ as shown in FIG. 17. Data received from the vehi-
cles 11 is processed by a computer 1554 by way of the
execution of software written in accordance with the
flowcharts of FIGS. 20-24. The computer 1554 may be
a commercially available computer such as the IBM PC
AT.

To complete the RF data link in FIG. 17, a modem
352 connects the sensor processing unit 101 to the RF
transceiver 150. The data inputs to the sensor process-
ing unit 101 are provided by the on-board IR trans-
ceiver 198 and the various on-board sensors such as the
on-board weighing device. The sensors are collectively
symbolized by block 350 in FIG. 17 and a single sign-
post (IR transceiver 180) is also shown to illustrate the
IR data link between a vehicle and a signpost.

Referring briefly to FIG. 18, an opening 1300 may be
provided in the bed 1302 of the body 13 of the vehicle
shown in FIGS. 1q and 15 for allowing a switch assem-
bly 1304 to sense the presence of a load and thereby
indicate to the sensor processing unit 101 when loading
begins. Such a device substitutes for the on-board
weighing device of FIGS. 14, 15, 2 and 3 and combines
with the sensor processing unit 101 to give a simplified
vehicle dispatch system according to FIGS. 15a2 and
156, With the addition of the switch assembly 1304 in
FIG. 18, the on-board weighing device is not required
for a simply dispatch system responsive to load and
dump signals only.

The opening 1300 in the floor of the vehicle body 13
is covered by a flexible, but rugged material 1306 such
as a thick rubber mat which is secured to the perimeter
of the opening of the vehicle body. A microswitch
13042 comprises the switch assembly and is mounted to
a platform 1304) positioned below the bed 1302 so that
the switch is recessed into the body and the mat 1306
provides a planar continuation over the platform and
switch. In response to the introduction of material into
the body 13, the mat 1306 is depressed, thereby closing
the microswitch 1304a. The closure of the switch 13044
generates a signal indicative to the vehicle sensor pro-
cessing unit 101 of the starting of loading.

(1) On-Board Processing

Turning to the flowcharts of FIGS. 20-24, the pro-
grams for the sensor processing unit 101 and the com-
puter 1554 of the central station 155 are disclosed in
connection with an open-pit mining operation as the
intended environment. It will be appreciated by those
skilled in the art that obvious modifications to the pro-
gram may be made in order to accommodate other
environments such as that of a refuse vehicle fleet. In
this connection, a refuse vehicle is illustrated in FIG. 25,
and FIG. 27 indicates a sensor processing unit of the
type disclosed in FIG. 12 incorporated into the vehicle
for communication with a central station in a similar
manner and with a similar purpose as that disclosed in
connection with the open-pit mining environment.

Referring first to the flowchart for the program of the
sensor processing unit 101 shown in FIG. 20, data is
collected from the various sensors mounted on board
the vehicle and accumulated in memory (static RAM
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125 in FIG. 12) until the data is downloaded to the
central station 155. To start execution of program tasks,
all values are first initialized at step 1400 before begin-
ning execution of steps 1402-1414 which gather data
from the various sensor inputs to the sensor processing
unit 101.

In step 1402, the signals from the pressure sensors
§la—c are read via either the low or high resolution
A/D converters 1034 or 130. The pressure data is con-
verted to weight data in step 1404 by way of a linear
relationship determined during the calibration of the
system. In step 1406, all other analog and digital data is
read from the various on-board sensors exemplified by
those shown in FIG. 3. In order for the sensor process-
ing unit 101 to manipulate information from the analog
sensors, the analog data must, of course, be converted to
binary data as indicated in step 1408. In step 1410, the
data read in steps 1402 and 1406 are compared with the
data stored in the static RAM 125. If the newly acquired
data is different or if the new data is time dependent, the
data is placed into the RAM in step 1412 in order to
update the data base.

Steps 1402 to 1412 are repeated until the sensor pro-
cessing unit 101 detects a signal from the central station
155 at step 1414. When a signal from the central station
155 is detected, the sensor processing unit 101 first de-
termines if an address word in the signal matches the
L.D. code for the processor in step 1416. A match of the
address code and the processor’s I.D. causes the proces-
sor to react to incoming data in steps 1418 and 1420. If
the central station is polling the vehicle sensor process-
ing unit 101, steps 1422 and 1424 are executed. Steps
1414 through 1424 are preferably executed using the
same or similar two-way asynchronous protocol and
format used by the commercially available Telxon
RFX-10 System, manufactured by Telxon Corporation,
Akron, Ohio.

If the vehicle sensor processing unit 101 is not being
addressed in step 1416, the program returns to step 1402
and the processing unit continues to update its data base
stored in RAM 125. Also, once received data has been
stored and displayed in step 1420 or vehicle data has
been downloaded in step 1424, the vehicle sensor pro-
cessing unit returns to updating the data base. In step
1422, if the static RAM 125 has not been updated since
the last polling, no data is downloaded. The central
station will poll the next vehicle and its sensor process-
ing unit after a predetermined time has elapsed without
a response to its last polling request.

The computer 1554 at the central station receives the
data downloaded from each of the vehicle sensor pro-
cessing units 101 by way of the transceiver 155q,
modem 1555 and controller program 155¢. The down-
loaded data is manipulated according to the flowchart
program of FIGS. 20-24. By manipulating the received
data in accordance with one important aspect of the
invention, the central station 155 reports vehicle operat-
ing parameters that fall outside a predetermined range,
and it also provides a dispatch command for directing
vehicle movement in the working area. Correlation of
vehicle location and vehicle operation data provides the
central station 155 with a data base that allows for
meaningful and precise monitoring of vehicle operation,
identifying irregularities in vehicle operation and also
allows for dispatching commands that maximize the
efficiency of the fleet of vehicles.
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(2) Processing at Central Station for Dispatching
Vehicles

Referring to FIG. 21, the central computer 1554 first
initializes all its values at step 1426. At step 1428, data
received from the RF link is read from the controller
program 155¢ by the computer 1554. In order to moni-

* tor the vehicles for proper loading, the data read in step
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1428 is identified with a particular vehicle in step 1430
and the weight of the vehicle’s load is updated if new
data is available. Preferably, an operator at the central
station is alerted if an overload condition occurs. Of
course, other tests can be executed on the weight data,
depending upon the relative importance of particular
operating parameters in the working environment.

In steps 1432, 1434 and 1436, the data is examined to
determine if one of three important events in a hauling
cycle have occurred. In step 1432, the data is checked
for the presence of a dump signal. If a dump signal is
present, the program knows the vehicle is unloading or
has unloaded and is ready for a new dispatch command.
As explained in greater detail hereinafter, when a dump
signal is detected in the received data, the Dump Rou-
tine of FIG. 22 is executed by the computer 1554 at step
1438. In step 1438, the computer 1554 calculates certain
hauling cycle values and reports “exceptions” (i.e.,
values outside predetermined ranges) to the operator of
the central station 155. From step 1438, the flowchart
moves to step 1440 where the computer 1554 makes a
dispatch decision as discussed more fully hereinafter.
The decision is relayed to the desired vehicle via the
controller program 155¢, modem 1556 and the RF link
provided by the transceiver 155a.

If the received data indicates the vehicle has shifted
from forward, neutral or reverse, step 1434 branches the
flowchart to step 1442 wherein a Loading and Queuing
Time Routine is called. This routine, discussed in
greater detail in connection with FIG. 23, determines
certain values of a haul cycle associated with changes of
gear and also reports to the operator of the central
station 155 any values that are out of a predetermined
range. If the shift data detected in step 1434 is a forward
shift and if a full load is carried by the vehicle, step 1444
branches the flowchart to step 1440 where the com-
puter decides which dump site to send the vehicle. In
keeping with an important aspect of the invention, a
particular dump site may be chosen by the computer
1554 in order to control the blend of ore at the site. The
selection of a particular dump site will be discussed in
greater detail hereinafter.

If the weight of the load has increased in step 1436,
the Load Analysis Routine is called in step 1446
wherein loading parameters are updated and out-of-
range values are reported.

In each of the routines called in steps 1438, 1442 and
1446, values are calculated for the time segments re-
quired for the haul segment arrays of FIGS. 194-19b.
These new time segment values are placed into the
arrays in step 1448. In step 1450, the position of the
vehicle is updated.

The present position of each vehicle may be visual-
ized on a CRT screen or a matrix of individual lights. In
keeping with the invention, an operator display (not
shown) at the central station 155 is responsive to loca-
tion data received from each vehicle so as to track the
movement of each vehicle relative to the last signpost
location. The present location relative to the last sign-
post is determined by direction data from the on-board
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compass 116 and distance ‘data from the on-board dis-
tance sensor 105. An example of a suitable compass is
models 508 or 550 Fluxgate compass sold by Litton
Industries, C. Plath North American Division, Annapo-
lis, Md.

In the Dump Routine of FIG. 22, a running total of
the weight hauled by each vehicle is updated in step
1452. Because the dumping of a load is chosen to be the
point where the haul cycle is summarized, the values for
hauling cycle parameters are initialized for a new cycle
at step 1454. Step 1456 updates the total number of loads
for the vehicle and step 1458 ends the time for the cur-
rent segment of the haul cycle—the loaded haul seg-
ment (FIG. 195). In step 1460, the value of the haul
segment time is compared against a predetermined max-
imum time; if the value exceeds the maximum, the oper-
ator of the central station 155 is alerted at step 1462. To
start incrementing time for a new hauling cycle, step
1464 starts measuring “return time” or the time for the
vehicle to travel from its present location to the location
to which it is dispatched.

In the Loading and Queuing Routine of FIG. 23, the
data indicating a change in gears is used to update haul-
ing cycle data in the primary files of FIGS. 192-195. In
steps 1466 and 1468 the Routine checks to determine if
the vehicle is in neutral or if it is moving. If the vehicle
is in neutral or if it is in gear but not moving, the flow-
chart checks the present location data for the vehicle at
step 1470. If the present location is the location to
which the vehicle has been dispatched by the central
station 1855, the return time haul segment (FIG. 19¢) is
calculated at step 1472 and queuing time is initiated at
step 1474. By recognizing when a vehicle has reached
its intended destination such as a loader 160, the central
station 155 can find actual return time for each vehi-
cle—i.e., the time to go from one signpost to another.
The time spent waiting at a signpost location is sepa-
rated from the return time and identified as “‘queuing”
time. Typically, queuing time accumulates while a vehi-
cle is waiting in line at a loader site to be serviced by the
loader 160 or at a dump site to dump.

If the vehicle is not at its dispatched location in step
1470, enroute delay time is accumulated at step 1476
and the operator of the central station 155 is alerted if
the elapsed travel time exceeds a predetermined maxi-
mum in steps 1478 and 1480.

If the vehicle is moving in step 1468, the flowchart
branches to step 1482 where it is determined whether
the shift is a first shift into forward with a full load. If it
is a first forward shift with a full load, the loaded haul
time segment (FIG. 19b) is started in step 1484 and the
loading time segment (FIG. 19q) started in step 1494
(FIG. 24) is ended in step 1486. The accumulated time
for the loading time segment is added to the array of
FIG. 19a in step 1448 of FIG. 21.

When an incremental increase is detected in the
weight data received by the central station 155, the
Load Analysis Routine of FIG. 24 is executed. In steps
1488 and 1490, values of loading parameters are up-
dated. Specifically, the incremental increase in weight is
used in step 1488 to provide a weight of the bucket
added to the vehicle load by the current loader 160. The
bucket weight is used to update an average bucket
weight for the loader 160. In step 1490, the average
number of buckets needed for a full load is updated by
tracking the number of incremental weight increases
and, when a full load is reached, averaging the total
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number of buckets for the load with the average from
previous loads.

An end of a haul segment is detected if the present
incremental increase of weight is based from an empty
load condition. In other words, if the present bucket is
detected in step 1492 to be the first bucket of a load, the
loading time segment is started at step 1494 and the
accumulation of queuing time is ended at step 1496. If
the current bucket is not a first bucket, the time between
buckets is checked to determine if it exceeds 2 maximum
value in step 1498. If the time exceeds the maximum, the
operator of the central station 155 is alerted at step 1500.
In step 1502, a running average of the time between
successive buckets is updated.

Turning now to a more detailed discussion of the
dispatch decision made by the computer 1554 in step
1440 of FIG. 21, the following discussion is directed to
particular algorithms for use by the computer in con-
trolling movement of the vehicles 11 in an open-pit
mining environment such as that illustrated in FIGS.
15a and 15b.

From its data base, the computer 1554 at the central
station knows the number of vehicles 11 that have been
dispatched to a particular loader but have not yet begun
loading. The computer 1554 also has data indicating if
any vehicle has begun loading at a particular site, but
has not completed loading. From the foregoing infor-
mation, as the vehicles 11 become available from a
dump site or other areas, the computer 155d executes an
algorithm in step 1440 to determine which load area 1-N
in FIGS. 152 or 155 will most quickly load the current
vehicle. In keeping with the invention, the computer
155d calculates a “delay” time for each load area 1-N
and identifies the load area with the minimum delay as
the vehicle’s destination. For each loading area 1-N in
FIGS. 15a or 15b the expected delay for the vehicle 11
leaving DUMP AREA 1 may be determined as follows:

DELAY(n) = SUM OF + TIME — ESTIMATED

LOAD TIMES NEEDED TRAVEL

OF ALL TO TIME

TRUCKS COMPLETE OF

ENROUTE TO CURRENT VEHICLE

LOAD LOAD TO BE

AREA (n) DIS-
PATCHED

For equation (9) the computer 1554 calculates in a
conventional manner from available data in its data base
the number of vehicles in transit to the loading area (n).
A calculation of the number of vehicles in transit to the
loading area (n) is easily derived from available data
since the computer 1554 identifies which vehicles have
been directed to a given loading area and have not yet
downloaded data indicating loading has begun.

For each vehicle enroute to a particular loading area
(n), the primary file containing load times (FIG. 19a) is
accessed in order to provide an estimated load time for
vehicles of its type (type T; or Tz). The estimated load
time is established by averaging the stored load times
for the vehicle type—e.g., T1/2. After an estimated load
time is established for each vehicle enroute to the load-
ing area (n), the load times are summed to provide the
first factor in equation (9) for determining delay at the
loading area (n).

Added to the sum of the various expected load times
is the time estimated to be required to complete the
loading of the vehicle currently being serviced by the
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loader 160 at the loading area (n). The beginning of
loading is detected by the computer 1554 when the
downloaded data indicates the on-board weighing de-
vice has sensed the presence of added weight to the
vehicle body 13. From this available data, the computer
155d calculates the remaining loading time of the vehi-
cle currently being loaded by simply subtracting the
time that has elapsed since loading started from the
estimated load time. The difference is added in equation
(9) to the sum of the load times for the vehicles enroute
to the loading area (n).

The final consideration in determining the delay time
(n) is the estimated amount of time for the vehicle to
reach the loading area (n). From the primary files in the
data base, the average empty return time can be esti-
mated for vehicles of the type to be dispatched from the
haul segment array of FIG. 19¢. This average empty
return time is used as an estimated travel time to loading
area (n) for the vehicle to be dispatched. This time is
subtracted from the estimated time which the vehicle
may expect to wait before it can be serviced by the
loader 160 at the loading area (n).

For example, two loading areas (n) and (n+ 1) may

have load delays of five minutes and ten minutes, re-
spectively, before conmsidering vehicle travel time.
However, if the travel time to the first loading area (n)
is 12 minutes while the second loading area (n+1) has a
five minute travel time, this travel time is subtracted
from the time delay to arrive at a total delay time which
is —7 minutes for the first loading area (n) and +35
minutes for the second loading area (n+1); thus, the
computer 1554 designates the first loading area (n) as
the vehicle’s destination since the minus delay time
indicates the time the loader 160 will be waiting 7 min-
utes for a vehicle. After the delay of each of the (n)
loading areas is calculated, the central computer 1554
transmits a dispatch signal at step 1440 in FIG. 21 hav-
ing data identifying the particular equipment for which
the transmission is intended and also having data indi-
cating the particular loader number with the current
minimum delay time.
" In response to the transmission from the computer
1554, the transceivers 150 of all the vehicles 11 lock
onto the signal during the sync portion of the transmis-
sion and compare the transmitted equipment number to
their own numbers. In each vehicle 11, the MPU 103 of
FIG. 12 checks to see if its transceiver 150 is receiving
a transmission. If a signal is present, the transmitted
equipment number is captured and compared to the
vehicle’s own number. When a match occurs between
equipment numbers, the computer 1554 completes the
data transmission to dispatch the vehicle to a loading
area (n), dump area (n) or other designated site.

Table 1 illustrates an example of the vehicle dispatch
decision executed by the computer 1554 each time a
vehicle becomes available for loading. In the example,
there are five loading areas. Applying equation (9) in
order to determine the delay time before loading begins
at each of the areas, the least busy area is loading area 3.
The negative time value at load area 3 indicates the
loader 160 at that location will be free to load the vehi-
cle approximately four minutes before the vehicle can
get to the area. The most busy loading area is loading
area 2 which equation (9) indicates has a five minute
wait associated with it if the vehicle is dispatched to
that area. In order to make the fleet of vehicles the most
time efficient, the computer 1554 dispatches the vehicle

45

50

55

50
to loading area 3 because the wait is the shortest for the
loader 160 at that area.

If the availabilities of the fleet of vehicles and the
loaders 160 were balanced, the delay to each of the
loading areas (n) would theoretically be zero. Obvi-
ously in practice, each of the delays (n) will not always
be zero. But, in keeping with the invention, the total
system delay should approximate zero when the loading
and hauling fleets are properly matched. By matching
the availability of loaders and vehicles, excessive or
insufficient vehicle/loading equipment capacity can be
avoided. In general, the total delay equals,

I%V delay (n). 10

In the specific example illustrated by TABLE 1, the
total delay is,

an

3
Total Delay % delay (n)

-2+5-3
- =0

A negative net or total system delay indicates an excess
of loading capacity or an insufficiency of hauling capac-
ity. Depending on whether extra vehicles are available
and other operating parameters, the mine operator can
increase the efficiency of the loading equipment by
either removing loading equipment or adding vehicles.
Of course, the size of the loader and vehicle fleet in
operation impacts on how small or large a change in
system delay occurs for each addition or subtraction of
a piece of hauling or loading equipment.

In summary, the closer the sum of the totals come to
zero the more a fleet is in balance. A total of zero for all
the delays (n) indicates vehicles do not wait for loading
equipment to become available and the loading equip-
ment does not wait for vehicles to arrive. In the forego-
ing dispatch logic example, the sum of the totals is zero
which indicates the overall system is balanced. If the
number becomes too negative, the fleet operator may
choose to remove a vehicle from service or add an
additional piece of loading equipment. If the sum be-
comes too positive in value, the operator may choose to
add a vehicle or remove a piece of loading equipment.

(3) Biased Dispatching

Many operating factors other than which piece of
loading equipment will be first available may enter into
the decision of where to dispatch a vehicle after it has
completed a haul cycle. For example, it is often impor-
tant to maintain the percentage composition of certain
minerals within a predetermined range. Because the
totals in TABLE 1 do not take into account the blend
ratios of the ore being mined at the loading area (n) of
each piece of loading equipment 160, the dispatching of
the vehicles 11 will result in a random determination of
the ore blend at a particular dump site.

TABLE 1

DISPATCH LOGIC EXAMPLE
LOADING AREA NOS.

1 2 3
Number of vehicles 3 4 2
enroute to each
loading area
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TABLE I-continued TABLE 2-continued
DISPATCH LOGIC EXAMPLE Ingredient
LOADING AREA NOS. A B C D
1 2 3 5 Range 2.0% 1% 25%  1.5%
Sum of loading 12 15 7
times of all From testing at the various loading areas (1), (2) and
vehicles enroute :
to each (3), the actual percentage content of each mineral at
loading area 10 each area is known. These values and their deviation
(Plus) from the optimum value (in TABLE 2) are entered into
Time needed to +1 +2 +2 the memory of the computer 155d at the central station,
complete loading and they are organized in a manner such as shown in
of .vehlcle presently TABLE 3.
being loaded 15
SUBTOTAL 13 17 9 TABLE 3
(Minus). INGREDIENT
Travel! time from -15 -12 —12 .
vehicles existing Loading Area A B < D
location to each 20 1 Actual Blend 2.5% 5.0% 4.25% 6.0%
loading area Deviation From -5% —1.0% -275% +.75%
DELAY -2 5 -3 Optimum
Loading area whose =2 -3 2 Actual Blend 4.0% 4.5% 8.0% 5.5%
equipment will be Deviation from +10% -15% +1.0% +.25%
waiting for vehicle Optimum
and time of wait 25 3 Actual Blend 3.0% 7.0% 8.0% 4.0%
Loading area at 5 Deviation from 0% +1.0% +1.0% -125%
which vehicle will Optimum
have to wait and
fime of wait 0 As loads are hauled, the computer 1554 has sufficient
information to compute the amount of each critical
In keeping with the invention, in order to provide a ingredient hauled to a particular dump area (n) (the
controlled blend of mined minerals, a Blend Ratio Bias- amount equals the tons of ore hauled multiplied by the
ing Time may be added to each of the load delays in percentage of each critical ingredient A, B, C or D).
order to bias selection of the vehicle dispatch to particu- 35  For each dump area (n), a record of the ore dumped
lar loading areas. More generally, “correction factors” at the area is kept by the computer 155d. The data may
may be added to the load delay for each load area (n)in  pe arranged for storage as illustrated by TABLE 4.
order that the various parameters may be weighed in  Data from each new load dumped by a vehicle 11 at the
the decision to dispatch a vehicle to a particular load particular dump area is added to TABLE 4 as the load
area. Beside blend ratio, some other hauling parameters 4C i delivered. Because each load may be from any one of
that may be considered are (1) cross pit travel biasing the loading areas (n) and probably has a different
times, (2) enhanced (dynamic) cross pit travel bias  weight than previous loads, the percentage of ingredi-
times, (3) specific loading equipment or pit biasing ents A, B, C and D may differ in total tons. In order to
times, (4) specific dump area biasing times, (5) stripping 45 keep an accurate record of the current composition of
ratio biasing times, (6) vehicle tire ton-mile-per-hour the ore at each dump area (n), the computer 1554 up-
(TMPH) biasing times, (7) minimization of vehicle dates the percentage of each ingredient at the dump
travel biasing times, and (8) vehicle queuing time bias- area with the addition of each new load. For example,
ing times. Each one of these biasing times may be suc- in TABLE 4 the first load to dump area (n) is from
cessively applied to the basic dispatch logic decision 0 loading area (1).
from TABLE 1 to arrive at a weighted dispatch deci- From the data in TABLE 3, the computer 1554
sion which takes the foregoing parameters into account. knows the actual blend for each of the ingredients.
The Blend Ratio Biasing Factors for load areas (1), From the on-board weighing device, the computer 1554
(2) and (3) are determined as set forth in the following 55 knows the total weight of the ore carried by the vehicle

particular example. As a beginning, the computer 1554
is provided with data of the various mineral percentages
desired for the ore being mined. In TABLE 2, the ingre-
dients A, B, C and D are provided with optimum values

and upper and lower limits.
TABLE 2
Ingredient
A B C D
Lower Limit 2.00% 5.65% 5.75% 4.50%
Optimum 3.00% 6.00% 7.00% 5.25%
Upper Limit 4.00% 6.35% 8.25% 6.00%

65

11. From this available data, each of the columns in
TABLE 4 can be completed. Specifically, for the first
load from the loading area (1), the size of the load is
indicated from the on-board weighing device to be 128
tons (column 1). Because this load is the first load to the
dump area (n), the “Running Total” is also 128 tons
(column 2). For each of the ingredients of interest—A,
B, C and D—a column is provided which sets forth the
tonnage of the ingredient in the current load, the run-
ning total of the ingredient at the dump area (n) and the
running total percentage of the ingredient with respect
to the running total of the ore hauled to the area.
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TABLE 4
Size of Running
Loads Total
Loading Sites Hauled  Hauled INGREDIENT
Hauled From Tons Tons A B C D

1 128 128 3.2/3.2 6.4/6.4 54/54  1.1/1.7
2.5% 5.0% 4.2% 6.0%

3 165 285 5.0/8.2 11.6/18.0 13.2/18.6 6.6/14.3
2.88% 6.32% 6.53% 5.02%

1 85 370 2.1/10.3  4.3/223 '3.6/222  5.1/194
2.78% 6.03% 6.00% 5.24%

2 115 485 4.6/149 52/27.5 9.2/314  6.3/25.7
3.07% 5.67% 6.47% 5.30%

2 80 565 3.2/18.1  3.6/31.1 6.4/37.8 4.4/30.1
3.20% 5.50% 6.69% 5.33%

3 175 740 5.3/234 1237434 14.0/51.8 7.0/37.1
3.16% 5.86% 7.00% 5.01%

1 135 875 3.4/26.8 6.8/50.2 5.7/57.5 8.1/45.2
3.06% 5.714% 6.57% 5.17%

2 110 985 4.4/31.2 5.0/55.2 8.8/66.3 5.5/50.7
3.17% 5.60% 6.73% 5.15%

With the running total percentage of each ingredient
known from TABLE 4, the actual percentage of each
ingredient at the dump area (n) can be compared with
the optimum percentage which is entered into the data
base of the computer 1554 and is shown in TABLE 2.

will tend to bring the content of the ingredient at the
dump site toward its optimum value by reducing the

The comparison between the actual running total per- 25 wvalue of the “Pe.rgent Of Range”. For example, ingredi-
centage and the optimum or ideal percentage is illus- ent A has a positive 8.5 Percent Of Range. To reduce
trated in TABLE 5 for each important ingredient A, B, the pgrcen'tage amount of that.mgredxent, the compu}er
C and D. For example, ingredient A has a composite 1554 nc.lentlﬁes from the data in TABL.E 3 the loading
running total percentage of 3.17% from the last load to arca with the le:ast.percentagq of ingredient A. The data
the dump area (n) as can be seen from the last row in 30 In TABLE. 3 md.lcates loading area (1) has the least
TABLE 4. The variance of the percentage content of ~ 2mount of ingredient A—2.5%.
ingredient A from the optimum percentage (TABLE 2) l?ecaus; the dump area has too small of a percentage
is 0.17%. As indicated in TABLE 2, acceptable range of of mgr?dlent B, the computer 1554 finds the loadllng
the ingredient A is 2.0%. area _w1th the greatest percentage amount of tha.t in-
By dividing the actual percentage variance from the 3 gred;ent—-loadmg area (3). Fo_r mgrgdl?nt f:’ cither
optimum percentage content by the acceptable percent-  10ading area (2) or (3) may be given priority since both
age range of ingredient A, the percent of the total range ~ haVve 8.0 percentage of ingredient C. There is too little
represented by the variance can be determined. For the iosfll(l)lféiendgle::eaD,( ls)o the loading area to be given priority
Gamre n e b ths vl e b [P O 4y In TABLE I h dlay s o cach of the oding
0.17% variance represents 8.5% of the total range. But, areas 1 determlned‘m minutes. For dlspatc‘hmg'basctd
the variance of ingredient B represents 57.1% of the  OP minimum delay time, the computer 155d identifies in
total range for ingredient B. Because the optimum per- step 1440 of FIG. .21 thg loaqlng_ area w1th_ the least
centage of ingredient B is at the center of the acceptable dela){. In 0“?‘“ to bias this basic dispatch logic toward
range, the computer 1554 knows that the percentage of 45 certain loading areas so that the percentage of each
ingredient B at the dump area (n) exceeds either the mgredlept may be proug}xt closer to its optimum value,
upper of lower limit of the acceptable range for that a numerical value is ‘asmg.ned to ea.c}} delay (n) before
ingredient. Because the variance from optimum for  the computer 1554 identifies a minimum delay. The
ingredient B is a negative number, the composite run- __ 20solute magnitudes of these numerical values must be
ning total percentage is known to be less than the mini- 50 e'mplncally determined for ca ch mine site; but the rela-
mum percentage content of 5.65%. The same percent of tive magmtudt.:s are determined from the Percent Of
range calculations are made for ingredients C and D. Range values in TABLE 5. In TABLE 6, each o f the
absolute values for the “Percent Of Range” is divided
TABLE 5 by 100 and associated with the appropriate loading area.
INGREDIENT 55 Specifically, the —57.1% value for the “Percent Of
A B C D Range” becomes 0.57 and this latter value is associated
Composite Running 3.17% 5.60% 6.73% 5.15% with loading area (3) as a biasing factor. Ingredient C
Total Percentage Blend splits its biasing factor of 0.10 between loading areas (2)
Variance From +17% -40% -21% —.10% and (3). The biasing factors for ingredients A and D are
g:’::::g‘g ¢ Blend 60 both associated with loading area (1).
g;;ccm of 8.5% —57.1% —108% —6.67% TABLE 6
lngrigiem Loading 1 3 2/3 1 INGREDIENT LOADING SITE
Site Priority DESIGNATION #1 #2 #3
65 A 0%
From the percent of range numbers for each ingredi- ?; 05 (5);
ent, each ingredient is associated with a loading area (1), D 07
(2) or (3) whose actual percentage of that ingredient TOTAL .16 05 .62
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TABLE 6-continued

INGREDIENT LOADING SITE

DESIGNATION #1 #2 #3

BIASING FACTOR

From the total biasing factors for each loading area in
TABLE 6, it can be seen that loading area (3) has the
largest value for its total biasing factor. The total bias-
ing factor considers all the ingredients A, B, Cand D. In
order to bias the delay time toward loading area (3), the
highest total delay —0.62 for loading area (3) is used as
a base number from which the total biasing factor for
each loading area is subtracted. Of course, loading area
(3) is left with a zero resultant. But, load areas (1) and
(2) are left with values that are added to their delay
times calculated in TABLE 1, thereby making these
areas less likely to have the minimum delay time when
the computer 1554 identifies the loading area to dis-
patch a vehicle 11. Specifically, referring to TABLE 7,
the delays for loading areas (1) and (2) from TABLE 1
are added to the amounts 0.46 and 0.57, respectively.
The added delay for loading area (3)—the area we want
to bias most heavily toward—has a value of zero.

TABLE 7
LOADING AREA

1 2 3
SINGLE HIGHEST .62 .62 .62
BIASING FACTOR
BIASING —.16 -.05 —.62
FACTOR FOR
EACH AREA
ADDED TIME +.46 +.57 +0
DELAYS FROM -2 5 -3
TABLE !
BIASED DELAYS —1.54 5.57 -3

In the biased dispatch example illustrated by TA-
BLES 1-7, the computer 1554 will still choose loading
area (3) as the destination for the vehicle 11 leaving a
dump area (n). But it can be appreciated from the exam-
ple that the additional delay times generated from the
biasing factors may under certain circumstances cause
the computer 1554 to dispatch the vehicle 11 to a load-
ing area (n) whose true loading/delay time is actually
not the shortest time available. These additional delay
times can be factored as required to achieve meaningful
blending results—e.g., of 1.2, 1.4, etc.

Another example of a use for biased dispatch is in
open-pit mining operation where multiple pits are pres-
ent and where the mine operator wishes to limit cross-
pit dispatching of the vehicles. Specifically, without
biasing the dispatch decision, the computer 1554 may
dispatch a vehicle in pit A to a loading site in pit B.
Even though the vehicle may be loaded the fastest at
the loading site in pit B, the vehicle must travel a con-
siderably longer distance to arrive at the loading area.
Because the vehicles 11 represent a very large fraction
of capital expenses at an open-pit mining operation, as
previously discussed, an operator may wish to bias the
dispatching of the vehicle fleet to discourage cross-pit
travel. By minimizing cross-pit travel the mine operator
is sacrificing some ability to balance the use of the vehi-
cle fleet and loading equipment.

Referring to TABLE 8, the same delay values found
in TABLE 1 are repeated. Therefore, the loading area
with the least delay time is loading area (3) as before.
But, in TABLE 8 loading area (3) is in the south pit of
the mine site and for this example we assume the vehicle
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'to be dispatched has indicated in its downloaded data
that it is at 2 dump area (n) associated with the north pit.

TABLE 8
LOADING AREA
_NORTHPIT __  SOUTHPIT
1 2 3

Number of trucks 3 4 2
enroute to each
loading area
DELAY -2 5 -3
FROM TABLE 1
(Plus)
Dump site/truck +0 +0 +5
location to
loading equipment
correction factor

TOTAL -2 5 +2

In order to discourage cross-pit travel of the vehicle
fleet, the computer 1554 adds a predetermined time
delay to the actual delays calculated for the loading
areas in the pit or pits which the vehicle to be dis-
patched is not in. In the example shown in TABLE 8,
the delay of loading area (3) is increased by five min-
utes. This heavy biasing of the loading area in the south
pit causes the computer 1554 to dispatch the vehicle to
loading area (1), even though loading area (3) would
provide the actual fastest load time.

As indicated earlier, the dispatch decision can be
biased to account for multiple hauling parameters. Ac-
cordingly, the actual delay may first be biased to ac-
count for a proper blend of ore as illustrated in TA-
BLES 1-7 and then biased to account for cross-pit
travel as illustrated in TABLE 8. Many other hauling
parameters may be factored into the dispatch decision
by weighting the delay times in a manner similar to that
illustrated in TABLES 1-8.

(B) Downloading to Implement Management of
Vehicle Useage Using Data Files

As evidenced by the foregoing dispatch function
using downloaded data, the communications link be-
tween vehicles 11 and the central station 155 is poten-
tially the basis for a total vehicle management system.
Downloading of all or selected portions of data gener-
ated by the vehicle sensor processing unit 101, allows
the central station 155 to function as a mine manage-
ment system. The following description of the function-
ing of such a system is intended as an outline of the
programming steps made possible by the organization
of memory in the central station 155 into a data base
with subfiles for each vehicle/loader combination and
primary files for each class of vehicle as described
herein and the downloading of data in addition to load
and dump data as previously discussed in connection
with FIGS. 154 and 15b.

As an alternative to or an extension of the foregoing
controlling of vehicle movement based on downloaded
data, the interaction of the vehicle 11 sensor processing
units 101 and the computer 1554 also provides the abil-
ity for data file management at a remote location. Spe-
cifically, information from each of the sensor processing
units 101 is downloaded to a master data file associated
with the computer 1554 where the data may be manipu-
lated in order to provide useful real time information to
management personnel. For example, from real time
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data the computer 1554 may analyze the average num-
ber of loads or tons loaded per hour by a particular
loader 160 and/or average number of loads or tons
hauled by a particular vehicle. From the foregoing
analysis, accurate projections for the best utilization of
the vehicles and loaders can be developed.

In addition to receiving the downloaded data and
dispatching vehicles 11 to proper loaders 160, dump
sites or designated sites, the computer 1554 maintains
data on tonnage loaded by particular loaders, tonnage
hauled by particular vehicles and total tonnage hauled
to each dumping area. The computer 1554 records the
out-of-service times for all vehicles 11 and loaders 160
and identifies the vehicles and loaders which are out of
service for the longest times in a predetermined time
period.

Mine management with this system can see what has
been done in terms of mine production and can make
extremely accurate projections, one month, six months,
possibly even 12 months down the road. With these
projections as to what total mine production can be,
e.g., anticipated tons of various material to be moved,
the mine operating personnel can make equipment as-
signments and changes to those equipment assignments
so that mine production does, in fact, meet mine pro-
duction projections.

For example, the computer 1554 cumulatively re-
cords ton-mile per hour data over a given time frame so
that as a vehicle accumulates ton-mile per hour figures
the cumulative figures for all trucks are compared and
the trucks with excessive ton-mile per hour numbers
can be dispatched to locations from which less ton-mile
per hour figures occur.

Additionally, the computer 1554 as well as the vehi-
cle sensor processing units 101 may analyze vehicle
component strain, such as engine operating tempera-
ture, hydraulic oil temperature, heat buildup in the tires,
etc. As a particular component on a vehicle approaches
a preset limit, the vehicle may on future haul dispatches
be dispatched to a haul that might be less trying on the
vehicle, i.e., for a mine with a multi-bench operation
vehicles may be rotated so that no one vehicle is contin-
ually hauling off of the lowest bench. This analyzation
of vehicle component strain obviously turns on the need
to add additional vehicle monitors to the vehicle and
provide data downloading transmission capabilities
from these monitors to the computer 1554,

As indicated by FIGS. 194-194, each of the four
primary files of the master data file may be separated by
loading equipment type, vehicle type and dump site,
e.g., make, model, size, type of body or type of material
to be hauled, whether it is ore, overburden, dual pur-
pose, etc. For example, data for 170-ton vehicles are
filed separate from data for 120-ton vehicles. Each class
of vehicle, loader and dump site combination has a
separate historical subfile to be used to determine how
long it should take a vehicle of that class to get from a
dump to loading site or vis versa. With respect to the
loaders 160, a similar subfile system exists for each class.
In addition, loader 160 has a subfile for each type of
vehicle it loads. These subfiles store historical data on
how long it takes the loaders 160 to load any particular
type of vehicle 11.

As a particular example of the data base and master
data file, if a mine has ten 170-ton Haulpak vehicles and
ten 120-ton Euclid vehicles, the computer 1554 has a
data base comprising a historical subfile for each vehi-
cle—i.e., 20 vehicle subfiles. Each subfile contains data
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for a particular vehicle relative to different loader/-
dump’ site combinations. Data from the ten Haulpak
subfiles are averaged together to comprise a master
Haulpak data file; likewise, a master Euclid data file is
created for the Euclid trucks. Then, as each respective
vehicle generates data, its corresponding historical sub-
file is updated. In response to downloading data for
updating of these historical subfiles for each vehicle, the
four primary files of the master data file for the vehicle
class (e.g., Euclid or Haulpak) are also updated.

(1) Estimate Load Cycle Time

At the same time that loader destination information
is transmitted to a vehicle 11, the central station 155
may review a historical data file of total haul cycle time
for that vehicle from the loader to which the vehicle has
been dispatched and identifies a median haul cycle time
to all possible vehicle dump locations. A percentage of
the median time is added to the median in order to
provide a time period within which the vehicle should
be expected to complete a haul cycle i.e., dumping
another load. For example, if the median haul cycle
were 12 minutes and the central station 155 is pro-
grammed to add 20% to this time, if dump data were
not registered as being downloaded from this vehicle
within this 12 minutes--20%, the central station then
would flash to its operator that the vehicle in question is
late in completing its haul cycle to a dump area; where-
upon, the operator of the central station 155 may
contact the vehicle 11 driver via conventional two-way
radio to see if there is a problem with the vehicle.

If a vehicle driver parks the vehicle for a break or a
rest stop, the driver alerts the operator of the central
station 155 to that fact via conventional two-way radio.
In response to this received data, the operator of the
central station 155 calls up that vehicle number and
indicates that truck’s location and that no loads will be
hauled for a predetermined time period and that possi-
bly no data transmissions will be occuring over this
same time period. In some cases it is possible to commu-
nicate the same information via data downloaded
through an interrupt instituted by the vehicle driver’s
selection of an appropriate key of the keyboard 122.

When a vehicle goes out of service because of a
breakdown, driver rest or the like, the central station
155 dispatches new available vehicles to the loading
area previously transmitted to the parked vehicle and
then transmits to the parked vehicle a new updated
loading location. This procedure is repeated until the
parked vehicle is indicated as being back in service by
data indicating such things as the shifting of gears.

If no data has been received, at the end of the time
period selected by the vehicle driver as his break time
or down time, the central station 155 will flash the vehi-
cle number to the operator of the central station. The
central station operator may contact, via conventional
two-way radio, the vehicle driver to check on the vehi-
cle’s status. If the central operator finds the vehicle is
still down for whatever reason, he may call up the vehi-
cle number and indicate how many more minutes the
vehicle will be down. This process continues to be re-
peated by the central station 155 until the vehicle is
back in service or temporarily taken out of service.

With respect to vehicle travel from the dump area to
a loader, the central station 155 records the time of
vehicle dispatch and looks for that vehicle to arrive at
the designated loading area within a predetermined time
based on historical vehicle return time in a primary data
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file. If the vehicle is late in arriving at its designated
loading area, i.e., no data downloading to indicate ar-
rival, the vehicle number is flashed to the operator of
the central station whereupon he may radio, via con-
ventional two-way radio, the vehicle driver to check on
that vehicle’s status.

The central station 155 also follows the foregoing
steps when it detects a vehicle leaving a loading area
headed for a designated dump area. The central station
155 identifies in its data file the average haul travel time
it takes a like vehicle to get to the designated dumping
area. If further data is not detected by the central station
155 within this average time, then that vehicle number
is flashed to the operator of the central station where-
upon he may check on that truck’s status.

(2) Monitor Loaders

In addition to receiving downloaded data, monitor-
ing and dispatching vehicles 11 in the foregoing man-
ner, the central station 155 also identifies and monitors
the various loaders 160 by identifying 160a through
which vehicle 11 data is coming to the central station.
Accordingly, the central station 155, as data is down-
loaded to it, analyzes the average number of loads and-
/or tons loaded per hour by a particular loader 160 and
how many minutes occur between each load. As the
central station 155 monitors each loader 160 through
data downloading, if it detects a lack of load informa-
tion coming from a particular loading location, it flashes
to the operator of the central station the identity of that
loader. The operator of the central station 155 may
contact, via conventional two-way radio, the loader
operator and determine whether there is a problem with
that loader. If that particular loader 160 is down, the
loader operator may respond to the operator of the
central station 155 with an estimate of how long he will
be down. The operator of the central station 155 then
enters into the system an indication that this loader will
be down for a particular time period.

The central station 155 adds a percentage of this
particular time period to the estimated time period in
order to provide a buffer range. At the end of this in-
creased time period, the central station 155 checks the
status of loader 160 and determines whether loading
data is present. If no loading data is present from this
loader, the loader number is again flashed to the opera-
tor of the central station 155 whereupon he may again
check with the operator of that loader to see how much
longer the loader will be down. This additional time is
entered into the central station 155 and the steps are
repeated.

As soon as data is entered by the operator of the
central station 155 indicating that a particular loader
160 is down, the central station redispatches vehicles 11
away from this loader. For redispatching, the central
station 155 does not consider specific travel times;
rather, by way of simplification, it sets all travel times
equal for the loading locations to which the vehicles are
redispatched.

When that piece of loading equipment is supposed to
be back up, it can be automatically registered in the
central station 155. The computer 1554, depending on
programming, can automatically dispatch one or more
vehicles to that piece of loading equipment. Or, if so
programmed, the central station 155 can flash the re-
spective number of the piece of loading equipment to
the central station operator, whereupon he asks, via
conventional two-way radio, the loading equipment
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operator whether that piece of loading equipment is
again up and ready to run so that vehicles can be dis-
patched to it. If the answer is yes, the operator of the
central station 155 enters in on his keyboard that the
particular piece of loading equipment is again up and
running. The central station 155 then immediately takes
over automatic dispatching and dispatches the first
available vehicle to that piece of loading equipment.

(3) Excess Hauling or Loading Capacity

If the central station 155, through data being down-
loaded to it, determines there is either excess haulage
capacity or loading capacity, it signals the computer
operator. If excess haulage capacity is indicated, the
station 155 indicates which vehicle 11 is closest to a
required preventive maintenance period. A similar de-
termination is made for the loaders 160 when excess
loading capacity is indicated. As soon as the excess
vehicle 11 or loader 160 is identified and if maintenance
personnel are available, the central station 155 dis-
patches the identified vehicle or loader to the mainte-
nance shop for preventive maintenance work and/or
notifies maintenance personnel to work on the loader
160.

(4) Vehicle Maintenance Using Code Entries

With reference to equipment maintenance, if so de-
sired by mine management, equipment maintenance can
be incorporated with the vehicle sensor processing unit
101 and the central station 155 data downloaded so that
as equipment maintenance occurs, equipment mainte-
nance costs can be accurately tracked, since the sensor
processing unit 101 and the central station 155, via data
downloading, will be tracking amount of equipment
operating time, it will conversely be tracking equipment
down time. As down time occurs, through the proper
use of the operator number function of the sensor pro-
cessing unit 101 and data downloading from this unit to
a central station 155 with the driver number function, it
is possible to identify why a piece of equipment is down
and through the proper use of operator number codes as
well as when a piece of equipment goes back into ser-
vice, and as this data is generated for downloading to
the central station 155 via the operator number code on
keypad 122, the cost of all parts and supplies used dur-
ing the time that the vehicle is out of service can be
entered directly into the central station 155 via the
operator of the central station, i.e., a vehicle is down for
transmission repair. The code for transmission repair is
entered, via the operator number code on keypad 122
into the sensor processing unit 101 for data download-
ing, when the vehicle goes back into service, the cost of
parts and supplies to repair the transmission is entered
into the central station via the operator of the station. If,
however, the actual cost of transmission repairs is not
immediately known as a vehicle goes back into service,
when they do become known, the operator of the cen-
tral station 155 can still enter the cost of parts and
supplies, what they were for, and during what time
period they were incurred so that the central station can
go back and allocate for each period of equipment
down time as identified from data downloaded from
sensor processing unit 101, the cost of repair parts and
supplies associated with that segment of equipment
down time.

From the foregoing it will be appreciated that the
on-board weighing device provides the sensor process-
ing unit 101 with raw data that can be downloaded to a



5,327,347

61
computer 1554 for storage and analysis and then be
refined to provide indications of vehicle and operator
efficiency. By analyzing the parameters based on this
downloaded raw data, the vehicle performance can be
improved, thereby reducing the substantial cost of oper-
ating off-road, heavy duty vehicles.

XX. The System as Applied to a Refuse Hauling
Vehicle

Turning now to an alternative embodiment of the
invention, signposts fixedly located throughout a work-
ing site may be implemented by passive devices such as
bar codes or RF transponders. In FIG. 25, a rear-load-
ing refuse vehicle 220 includes a laser bar code reader
222 strategically mounted to the vehicle body 224 so
when a dumpster 226 is lifted by a conventional loading
mechanism (not shown) and its contents dumped into
the body (as shown in dashed line), a bar code 228
mounted on the side of the dumpster is brought within
sensing distance of the laser bar code reader.

As in the embodiment of FIGS. 15¢-155, the location
data may be used in connection with other data re-
trieved from on-board sensors to establish a data base
from which vehicle commands may be generated and
vehicle performance may be evaluated. In FIG. 25, the
on-board weighing device of FIGS. 1z and 15 is placed
between the body 224 and the frame 230 of the vehicle.
Preferably, the fluid-filled tubing comprising the on-
board weighing device includes two sections 200 and
202 on each beam member 232 of the frame.

In as much that the side view of FIG. 25 only allows
illustration of one beam member 232 and one set of fore
and aft fluid-filled tubings 200 and 202, respectively, it
will be appreciated that the symmetrical nature of the
refuse vehicle provides for a mirror-image configura-
tion of the weighing device on the side of the vehicle
not shown in FIG. 25.

Preferably, the fluid-filled tubing extends along sub-
stantially the entire length of the interface between the
vehicle frame member 232 and body 224. For reasons
explained hereafter, the tubing is broken into fore and
aft sections 200 and 202. Preferably, the tubing supports
the entire weight of the body 224 on the frame members
232,

In rear-loading refuse vehicles such as the illustrated
vehicle 220, the loading mechanism typically extends
substantially beyond the end of the frame 230 of the
vehicle. Consequently, the center of gravity (CG) of the
body 224 is located toward the back of the vehicle body
as generally demarcated by the point CG in FIG. 25. In
order to prevent the pressure sensor assembly from
providing a distorted reading, the length of tubing sup-
ported on each beam member 232 of the frame of the
vehicle is divided into two sections. The length of the
forward section 200 is selected such that the center line
C_ for the section is always forward of the center of
gravity CG. In complementary fashion, and the center
line Cy. for the aft section 202 is always rearward of the
center of gravity CG. The foregoing restrictions on the
length of the two sections of tubing assures that transfer
of weight from the body 224 to the frame member 232
is distributed along the length of the tubings 200 and
202.

Because the center of gravity, CG, is located toward
the rear of the vehicle 220, the forward tubing 200 is
considerably longer than the aft tubing 202. But, it will
be appreciated that other configurations of bodies (such
as a front-loading body) may be characterized by loca-
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tions of the body’s center of gravity, CG, that alter the
length relationship between the forward and aft tubings
200 and 202, respectively. .

Because the forward tubing 200 is much longer than
the aft tubing 202 in FIG. 25, the pressure change for a
given change in weight is different for each length of
tubing. In order to relate the voltage changes in each
pressure sensor connected to each tubing (the pressure
sensors are the same type of sensors as pressure sensors
51a—c in FIG. 3), the ratio of the contact areas between
the tubing and the body for the two portions 200 and
202 is used to provide an adjusted voltage from the
pressure sensor associated with the shorter tubing
which is the aft tubing 202 in the illustration. The ad-
justed voltage may be expressed as

AVR (adjusted)=AVg-Pr (12)
where Pr equals the ratio of the contact areas of the
forward and aft tubings 200 and 202, respectively, and
AV R is the raw voltage from the pressure sensor associ-
ated with the aft tubing 202.

In order to determine the weight on the front and rear
axles, simple moment arm calculations are made about
each axle. For the situation shown in FIG. 25 where the
center line Cy of the aft tubing 202 is behind the rear
axle, the moment arm equations are that of a third class
lever arm. Therefore, the moment about the rear axle
may be expressed as,

(13)
D D
AVi(Front axle) = AVF-WLEF — AVg(adjusted) -WL:

§

where AV is the sum of the raw voltages from the
pressure sensors associated with the two forward tub-
ings 200 supporting the vehicle body 224 and AVpg
(adjusted) is the sum of the adjusted voltages from the
pressure sensors associated with the two aft tubings 202.
DRrris the distance between the rear axle and the center
line Cy of the foreward tubing 200 in FIG. 25, and Dgrr
is the distance between the rear axle and the center line
C of the aft tubing 202 in FIG. 25. Solving for AVjin
equation (5) will give the voltage that when converted
to weight is the weight on the front axle. The denomina-
tor value Wpg is the wheel base of the vehicle 220 as
indicated in FIG. 25.

For the weight over the rear axle, a simple moment
arm equation is set up about the front axle, and it may be
expressed as,

Drr (14

AVr(Rear axle) = AV Bi — AVg(adjusted) » ==—
2 = F B 4] Wg

W

where Dgr is the distance from the center line Cr of
forward tubing 200 to the front axle of the vehicle 220
in FIG. 25, and Dgg is the distance from the front axle
to the center line Cg of the aft tubing 202. Solving for
AV; gives a voltage that when converted to weight is
equal to the weight on the rear axle.

It will be appreciated that the foregoing moment
equations are for a third class lever since the center of
the aft tubing 202 is behind the rear axle of the vehicle
220 in FIG. 25. IF the center line Cr, of the aft tubing
202 is forward of the rear axle, the system is modeled as
a second class lever and the equations should be modi-
fied accordingly.



5,327,347

63

The total weight of the body 224 can be found by
summing the voltages representing the weights over the
front and rear axles

Vr=AV1+AV, Qas)
and converting the total voltage Vrto a weight mea-
surement.

In order to provide front and rear axle weight read-
ings and total weight readings in accordance with equa-
tions 12 through 15, a circuit made up of discrete opera-
tional amplifiers is preferably used if data recording or
downloading is not required. Such a circuit is shown in
FIG. 26. If data is to be recorded and downloaded to
the central station 155, the sensor processing unit 101 in
FIG. 12 is used in place of the op-amp circuitry as
shown in FIG. 26.

Turning first to FIG. 26, each of the on-board weigh-
ing devices 200 and 202 on each side of the vehicle 220
is assumed to have one pressure sensor associated with
it. Specifically, the two front on-board weighing de-
vices 200 (only one of which is shown in FIG. 25) have
one corresponding pressure sensor (they are not tied
together) that provides one voltage to the circuitry of
FIG. 26. Likewise, the two rear on-board weighing
devices 202 have two corresponding pressure sensors
that provide two voltages to the circuitry of FIG. 26.
The particular operational amplifier circuit illustrated in
FIG. 26 is for the situation where the forward and aft
tubings 200 and 202 are of equal lengths. Certain obvi-
ous design modifications would be required for tubings
of different lengths.

The voltage from the front sensor is received by
operational amplifier 301 in a buffer or unity-gain ampli-
fier configuration. Operational amplifier 305 is in com-
parator configuration and receives the unity-gain out-
put from the op-amp 301, respectively. A reference
voltage (MIN) is provided to the comparator 305 in
order that a green LED mounted to the housing for the
circuit of FIG. 26 is always lit when the voltage from
the front sensor is greater than a predetermined mini-
mum voltage. By providing a check for minimum volt-
age from the front sensor, the vehicle driver can easily
verify the front sensor is correctly functioning when the
green LED is lit.

The foregoing arrangements of operational amplifiers
is duplicated for the voltages from the sensors for the
rear on-board weighing devices 202. Specifically, oper-
ational amplifiers 309 and 311 are configured as unity-
gain amplifiers or buffers that receive the voltages from
the rear sensors in a conventional manner. Operational
amplifiers 313 and 315 are configured as comparators in
order to determine if the voltage from the two rear
sensors exceeds a minimum predetermined value. A
green LED is also provided for the rear sensors.

The voltages Vpy, Vgiand Vg at the outputs of each
of the buffer op-amps correspond to the voltages from
the load sensors associated with the four fluid-filled
tubings 200 and 202. By summing these voltages in a
manner corresponding to the moment equations (12)
through (15), a value for front and rear axle weight and
total weight may be calculated. In order to implement
the equations, the values of resistors Rj through Ry
should correspond to the following load dimension
ratios:

Ri1=Front axle load/total load

Ry=Rear axle-load/total load

64
R3 and Re¢=Distance from Cy of aft tubing 202 to
front axle/wheel base
R4 and Rs=Distance from Cy of aft tubing 202 to
rear axle/wheel base
R7 and Rjp=Distance Cy. of forward tubing 200 to
rear axle/wheel base
Rs and Rg=Distance from Cp of forward tubing 200
to front axle/wheel base
Depending on whether the system is a second or third
class lever as discussed above, the jumper connection
317 is strapped to either the plus or minus input of a
summing amplifier 319 in order to provide the voltage
Vi (equation 13), corresponding to the weight of the
front axle. For the voltage V2 corresponding to the
weight over the rear axle (equation 14), summing ampli-
fier 321 receives the voltage Vg, VR and Vg via
resistors Ry, R¢ and Rg, respectively. Because the mo-
ment equation about the front axle is the same for both
second and third class levers, there is no need for a

20 jumper connection similar to that associated with sum-
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ming amplifiers 319.

A pair of operational amplifiers 323 and 325 in com-
parator configurations compare the voltage V; with
predetermined reference voltages in order to activate
LEDs 327 and 329 mounted on a panel display 331
inside the cab of the vehicle 220. The LEDs 327 and 329
indicate when the load over the front axle has reached
90% and 95% of maximum allowable load. Similarly,
operational amplifiers 333 and 335 are in comparator
configurations for comparing the voltage V, with pre-
determine voltages representing 90% and 95% of the
maximum load for the rear axle. LEDs 337 and 339 are
provided on the panel display 331 and are responsive to
op-amps 335 and 333.

Finally, summing amplifier 341 receives the voltages
Viand V;and provides an output voltage V rthat cor-
responds to the total weight of the body 224. As with
the front and rear axle weights, comparators 343 and
345 provide indications of when the total weight ex-
ceeds predetermined maximum total weights (e.g., 85%
and 95% in FIG. 26). LEDs 347 and 349 provide a
visual display on the display panel 331.

For a system according to the invention wherein the
location data retrieved from the bar codes is used in
connection with front and rear axle and total weight
measurements in order to generate a data base from
which command signals may be generated, the sensor
processing unit 101 of FIG. 3 is fed by the circuit of
FIG. 26. FIG. 27 illustrates a block diagram of the
hardware necessary to implement the invention on the
refuse vehicle 220 of FIG. 25.

Referring to FIG. 27, the system for downloading
data from the refuse vehicle 220 is identical to the sys-
tem shown in FIG. 17, except the IR transceivers are
replaced by the bar code 228 and the laser bar code
reader 222 or RF transponder 228 and RF transponder
antenna 222. In a similar manner as the sensor block 350
in FIG. 17, sensors 351 include the same type of sensors
shown in FIG. 3. In addition, the circuit of FIG. 26 may
be included in the sensor block 351 in order to provide
additional analog data to the sensor processing unit 101.
This data, plus location data from the bar code reader
222, are organized by the sensor processor unit 101 and
transferred to an on-board RF transceiver 150 via a
modem 352.

As in FIG. 17, the link between each on-board sensor
processor 101 and the central station 155 is provided by
a data link similar to the Telxon RF/FM Data Commu-
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nication System of Telxon Corporation, 3330 W. Mar-
ket St., Akron, Ohio 44313. At the central station 158,
the transceiver 1552, modem 1556 and controller pro-
gram 155¢ are the same as those in FIG. 17. The com-
puter 155d executes software for monitoring and con-
trolling the refuse vehicles in a manner similar to the
flowchart diagrams of FIGS. 20-24 for the open-pit
mining environment. Unlike the open-pit mining envi-
ronment, the dispatch decision is considerably simpli-
fied since most refuse vehicles follow a predetermined
route. But, it will be understood that the tracking of
vehicle location and the execution of exception report-
ing steps are similar to that of the open-pit mining envi-
ronment.

It will be appreciated from the foregoing description,
that the invention correlates values of predetermined
operating parameters recorded by sensors on-board a
haulage vehicle so as to provide historical data bases
such as the four primary files of FIGS. 19¢-194. From
these files, each vehicle can be managed to achieve a
desired management goal at a level of attainment here-
tofore not possible. Data bases may be kept on-board
each vehicle or downloaded to a central station to be
combined and compared with data from other vehicles.
Downloading data provides management an opportu-
nity to make decisions within a time frame which ap-
proaches a ‘real-time” response—i.e., an immediate
response to any condition. For example, a central sta-
tion that receives data from each vehicle can monitor
certain operating parameters and report to an operator
when values for these parameters are outside a range of
accepted values. By providing such “exception report-
ing”, the operator is immediately alerted to situations
that if left uncorrected may potentially damage the
vehicle. As a further use of the “real-time” feature of
downloading data, dispatching of vehicles can be
achieved so that the alternative routings of a vehicle are
evaluated by using the historical data base and com-
mands are issued to the vehicle for its most efficient
route given the hauling conditions at that time as re-
flected by the data base.

In summary, the on-board sensors and the historical
data bases of the invention provide a broad range of
options regarding the monitoring and contro!l of haul-
age vehicles. In its simplest form, the data base is merely
collected on-board the vehicle and manually “down-
loaded” to management either by way of a printed re-
port from the on-board printer 117 or a machine-read-
able report contained in a magnetic storage device (e.g.,
tape cassette). By adding a data link to a central station,
the data bases from the various vehicles in a fleet can be
downloaded automatically either on a virtual real-time
basis or at a particular time of day such as an end of
shift. Exception reporting can be implemented by man-
agement by analyzing the collected data and flagging
occurrences of hauling parameters falling outside a
range of values which have been predetermined as ac-
ceptable. If data is collected continuously, management
can be alerted to these occurrences as they happen,
thereby allowing an operator of the central station to
contact the operator of the vehicle in order to correct
or control the situation. Finally, real-time downloading
can be used in a fully automated control scheme where
each vehicle is routed by a centrally located computer
which analyzes the collected data in accordance with
algorithms developed to implement a management goal.

What is claimed is:
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1. A system for acquisitioning and accumulating data
indicative of haul cycles executed by a haulage vehicle
moving between load and dump sites, where each haul
cycle is a complete round trip from a load site to a dump
site and back to a load site or from a dump site to a load
site and back to a dump site, the system comprising:

first means mounted to the vehicle for providing a

first set of data whose value is indicative of a load-
ing or unloading of material into or from a body of
the vehicle during each of the haul cycles;

second means for sensing a haulage parameter related

to the efficiency of work done by the vehicle
whose value varies during each of the haul cycles
and providing a second set of data indicative of the
value;

an electronic processor on-board the vehicle for ac-

quiring the first and second sets of data, processing
the data to detect a change in the value of either the
first or second sets of data and providing a third set
of data quantifying the change, which thereby
defines a haulage event executed by the vehicle
during a haul cycle; and

a storage medium for accumulating the third set of

data from the electronic processor so as to create a
historical record of the haulage events.

2. The system as set forth in claim 1 wherein the
second set of data is indicative of a direction of move-
ment of the vehicle.

3. The system as set forth in claim 2 wherein the
second means is a compass.

4. The system as set forth in claim 1 wherein the
second means includes a device for detecting a forward,
neutral or reverse status of a drive train associated with
the haulage vehicle.

5. The system as set forth in claim 1 wherein the first
means includes a sensor for detecting the raising of the
body for unloading of the material in the body.

6. The system as set forth in claim 1 including a third
means for processing the historical record to provide
control data for routing the vehicle to selected loca-
tions. )

7. The system a set forth in claim 1 including a third
means responsive to the electronic processor for down-
loading the third set of data to a remote site which
includes the storage medium.

8. The system as set forth in claim 7 wherein the
remote site includes a central processing unit responsive
to the downloaded third sets of data comprising the
historical record of haulage events for providing con-
trol data for use in directing a future operation of the
vehicle.

9. The system as set forth in claim 7 including a fourth
means for providing a fourth set of data indicative of the
geographic location of the vehicle and delivering the
fourth set of data to the electronic processor for inclu-
sion in the third set of data.

10. The system as set forth in claim 1 wherein the
haulage vehicle is loaded by a bucket of a loading equip-
ment and the third set of data includes a determination
of when material carried by the bucket is loaded into
the body.

11. The system as set forth in claim 1 wherein the
third set of data includes a determination of an elapsed
time of the haulage event of loading the body of the
vehicle, where the elapsed time is measured from the
loading of a first bucket in a load to the loading of a last
bucket in the load.
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12. The system as set forth in claim 1 wherein the
haulage vehicle is loaded by loading equipment and the
second means is a detector for uniquely identifying the
loading equipment.

13. The system as set forth in claim 12 wherein the
detector includes means for delivering to the electronic
processor data uniquely identifying the loading equip-
ment for incorporation by the processor into the third
set of data and the historical record of haulage events.

14. The system as set forth in claim 1 wherein the
second means monitors time and the third set of data
includes the first set of data marked with an indication
of the elapsed time between various changes in the
value of the first set of data being collected.

15. The system as set forth in claim 1 wherein the
second set of data is indicative of the geographic loca-
tion of the vehicle.

16. The system as set forth in claim 1 including third
means mounted to the vehicle for providing a fourth set
of data indicative of the stopping of the vehicle and
delivering the fourth set of data to the electronic pro-
cessor to be incorporated into the third set of data.

17. The system as set forth in claim 1 wherein the first
means includes a weighing device for continuously
monitoring the weight of a load of material.

18. The system as set forth in claim 17 wherein the
haulage vehicle is loaded by a bucket of a loading equip-
ment and the electronic processor includes means for
determining the weight of a load carried by the bucket
in response to the first meéans and the third set of data
includes the weight of the load carried by the bucket.

19. A system as set forth in claim 1 wherein the body
of the vehicle is a dump body that pivots between load
and dump positions and the second set of data is an
indication of the pivoting of the dump body into a dump
position.

20. A system as set forth in claim 1 wherein the sec-
ond set of data is an indication of a distance traveled by
the vehicle during each segment of a haul cycle.

21. A system as set forth in claim 1 wherein the sec-
ond set of data is an indication of a forward, neutral or
reverse direction of movement by the vehicle during
the haul cycles.

22. A system as set forth in claim 21 including:

a third means for providing an indication of a relative

elapsed time between events of the haul cycle; and
the electronic processor being responsive to the third
means as well as the first and second means for
incorporating into the third set of data the indica-
tions of the events of loading or unloading of mate-
rial, the events of forward, neutral or reverse direc-
tion of movement by the vehicle and the indication
of the relative elapsed time between these events.

23. A system as set forth in claim 1 wherein the sec-
ond set of data is an indication of a relative elapsed time
for each event of loading or unloading detected by the
first means.

24. A system as set forth in claim 1 wherein the sec-
ond set of data is an indication of a geographic location
of the vehicle. .

25. A system as set forth in claim 1 wherein each haul
cycle includes a plurality of load sites.

26. A system as set forth in claim 25 wherein the
haulage vehicle is a refuse vehicle, the second means is
a means on-board the vehicle for interrogating a device
mounted to a refuse container and, thereby, identifying
the container.
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27. A system as set forth in claim 1 wherein each haul
cycle includes a plurality of dump sites.

28. A system as set forth in claim 1 wherein each haul
cycle includes only a single load site.

29. A system as set forth in claim 28 wherein the
haulage vehicle is an off-road vehicle having a pivotable
dump body.

30. A system as set forth in claim 1 wherein each haul
cycle includes only a single dump site.

31. A system as set forth in claim 1 wherein the third
set of data includes an indication of a relative time of the
loading of the material sensed by the first means.

32. A system for acquisitioning and accumulating
data indicative of haul cycles executed by a haulage
vehicle moving between load and dump sites, where
each haul cycle is a complete round trip from a load site
to a dump site and back to a load site or from a dump
site to a load site and back to a dump site, the system
comprising;:

first means mounted to the vehicle for providing a
first set of data whose value is indicative of a load-
ing or unloading of material into or from a body of
the vehicle during each of the haul cycles;

second means for providing a second set of data
whose value uniquely identifies the vehicle;

an electronic processor on-board the vehicle for ac-
quiring the first and second sets of data, detecting a
change in the value of either the first or second sets
of data and providing a third set of data in response
to the change, where each third set of data defines
a haulage event; and

a storage medium for accumulating the third set of
data from the electronic processor so as to create a
record of the haulage events.

33. The system as set forth in claim 32, further includ-

ing:

a third means mounted to the vehicle and responsive
to said electronic processor for downloading the
third set of data to a remote site;

said remote site including a central processing unit
(CPU) for receiving the third set of data, the CPU
including the storage medium for accumulating the
third set of data.

34. The system as set forth in claim 32 including a
third means mounted to the vehicle for downloading
the third set of data to a remote site.

35. A system for tracking the time of a haul cycle for
a haulage vehicle moving between load and dump sites,
where each haul cycle is a complete round trip from a
load site to a dump site and back to a load site or from
a dump site to a load site and back to a dump site, the
system comprising:

means mounted to the vehicle for sensing the loading
and unloading of a load carried by the vehicle
during each of the haul cycles and providing data
in response thereto;

an electronic processor on-board the vehicle respon-
sive to the data for determining an elapsed time of
each of the haul cycles for the vehicle; and

a storage medium responsive to the electronic proces-
sor for creating a historical record of the elapsed
times of the haul cycles and processing the record
to derive control data for commanding the routing
of the vehicle to selected load and dump sites.

36. The system as set forth in claim 35 including a
second means for providing an identification code for
the vehicle and the electronic processor including
means for marking the elapsed time of a haul cycle with
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the identification code so that the elapsed time of each second means for providing a second set of data
of the haul cycles is identified with the vehicle in the whose value uniquely identifies an entity control-
historical record. ling the vehicle;

37. A system for acquisitioning and accumulating an electronic processor on-board the vehicle for ac-
data indicative of haul cycles executed by a haulage 5 quiring the first and second sets of data, detecting a
vehicle moving between load and dump sites, where change in the value of either the first or second sets
each haul cycle is a complete round trip from a load site of data and providing a third set of data in response
to a dump site and back to a load site or from a dump to the change, where each third set of data defines
site to a load site and back to a dump site, the system a haulage event executed by the vehicle during a
comprising: 10 haul cycle; and

first means mounted to the vehicle for providing a a storage medium for accumulating the third set of

first set of data whose value is indicative of a load- data from the electronic processor so as to create a
ing or unloading of material into or from a body of historical record of the haulage events.
the vehicle during each of the haul cycles; A A
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