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Specification

Optimizing Vehicle Loading Operations

10 BACKGROUND OF THE INVENTION
This application relates to optimizing vehicle loading operations.

Efficiently loading goods onto transportation vehicles at a warehouse can be a
15 complex problem, especially if goods are to be transported to a large number of

locations with one vehicle on a single trip.

Typically, the goods are taken out from the warehouse by one person and placed
somewhere in a staging zone near the rear side of the vehicle which is designated
20  to transport the goods. The goods are then picked up and loaded onto the vehicle

by the same or another person.

Before reaching their respective ultimate destinations, the goods may be unloaded
at an intermediate location, and again loaded onto another means of transport for
25  being shipped towards the destination. These operations may be repeated several

times until the goods reach their ultimate destinations.

If the vehicle is not loaded efficiently, unloading the vehicle at the ultimate desti-
nation may become complicated especially if the vehicle has only one door, and

30  the goods are loaded such that they are not directly accessible at any time.
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A problem arises when there are several goods which have to be transported to

several different locations with one vehicle.

5 In that case, it is of importance how the goods are positioned in the vehicle.

SUMMARY OF THE INVENTION

In general, in one aspect, this invention provides methods and apparatus, includ-

10  ing computer program products,

The present invention allows selecting alerts from connected applications, to pro-

cess them, and to send alert notification messages to the intended recipients.

15  In one aspect, the invention provides a computer-implemented method of loading
goods stored in a warehouse on a vehicle for transporting and delivering to a
number of destination locations, whereby the destination locations are on a prede-
termined route, the method comprising the following steps:

receiving a number of delivery requests, each request specifying
20 the goods to be delivered, and
the destination locations of the goods to be delivered;
receiving data descriptive of the route which the vehicle has to travel for
delivering the goods at the destinations;
placing the goods to be delivered on a staging area associated with the ve-
25 hicle, the staging area defining a physical place where the goods are inter-
mediately put down and sequentially picked up from for being loaded on
the vehicle;
whereby the goods are positioned on the staging area in such a first spatial
sequence that they can be picked up there from and placed in the vehicle in

30 such a second spatial sequence that they can be unloaded from the vehicle

at the respective destination locations in the sequence of arriving at the

destination locations.
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Advantageous implementations can include one or more of the following features.

The staging area may be divided into a spatial sequence of staging bays, each
5  staging bay corresponding to a destination location such that goods to be delivered

at a destination are placed on the corresponding staging bay.

Hereby, one staging bay may correspond to several destination locations.

10  On the other hand, several staging bays may correspond to one destination loca-

tion.

The second spatial sequence may be equal to the first spatial sequence. Alterna-
tively, the second spatial sequence may be inverted with respect to the first spatial

15  sequence.

The staging area may be organized according to the LIFO principle. Alternatively,

the staging area may be organized according to the FIFO principle.

20  The staging area may be located spatially between the warehouse and a loading

area for the vehicle of transport.

The method may further comprise the following steps:
partitioning the route in a number of legs, each leg defining a segment of
25 ' the route on which the good is transported on one transport means,
for all legs,
associating with each stop on the leg a unique ID, the ID being rep-
resentative of a destination location on the leg;
the IDs having an order which is descriptive of the sequence of the
30 destination locations on the leg;
based on the order of the IDs, determining the spatial sequence in which

the goods are to be put down on the staging area.
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Herein, the first spatial sequence may be the same as the order of the IDs. Alter-
natively, the first spatial sequence may be inverted with respect to the order of the

IDs.

Hereby, the number of times which the order of the goods is inverted at the ends

of alegs of the routes may be further taken into account.

The route may be a fixed trip. The vehicle may a fixed-trip vehicle having a pre-

10  determined route to travel.

In particular, the invention comprises also computer systems for performing the

inventive methods.

15  Furthermore, the invention comprises computer-readable storage media compris-
ing program code for performing the inventive methods, when loaded into a com-

puter system.

The optimization of unloading the vehicle at the destinations of a given shipment
20 is based on the determination of the staging bay and loading of the truck at the

warehouse in a sequence given by the position the goods on the staging bays.

One of the advantages of the invention is that transport process is optimized in
such a way that unloading the goods at their respective destination locations can

25  be performed much easier and much faster.
BRIEF DESCRIPTION OF DRAWINGS

The accompanying drawings, which constitute a part of the specification, illustrate
30 embodiments of the invention, and may serve in connection with the description

to explain principles of the invention.
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In the drawings:
Fig. 1 gives an overview of the process of loading/unloading a vehicle;
Fig. 2 illustrates a symbolic layout of a warehouse;
Fig. 3 illustrates the method of loading a vehicle according to one em-
bodiment of the present invention;
Fig. 4 illustrates the LIFO principle of loading/unloading a vehicle;
Fig. 5 illustrates the FIFO principle of loading/unloading a vehicle;
Fig. 6 illustrates a route comprising several segments; and

Fig. 7 illustrates an algorithm of partitioning the route.

DETAILED DESCRIPTION

The overall-process of loading and (afterwards) unioading a vehicle can be illus-
trated as given in Fig. 1. According to Fig. 1, an outbound delivery request is re-
ceived at step 101. Then, the vehicle, the route, and the departure time are deter-

mined, on the basis of outbound delivery data, at step 102.

In step 103, the stop number of each one of the destination locations is deter-
mined. In step 104, the staging area and the exact staging bay for the respective
destination location are determined. Then in step 105, the goods (in general: han-
dling unit, HU) are moved from the storage location in the warehouse to the pre-
viously determined staging bays. There from, the goods are loaded into the vehi-

cle in the correct sequence as presented at the staging area.

The vehicle loaded in such a way is then moving towards to the destinations loca-
tions, step 107. At each destination location (i.¢., stop on the route), the respective
good can be unloaded directly, i.e., without further unloading and re-loading other

goods than the concerned one.

Steps 103 to 106 are developed in more detail in the following.
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Fig. 2 shows a symbolic layout of a warehouse 10 which comprises an area 100
where the goods are stored, e.g., racks 110, 120, or other kinds of storage spaces
(not shown). In a further area of the warehouse, packaging facilities 200 may be

5  provided where the goods are packed for the transport if necessary. In a further
zone 300, staging areas 310, 320, 330 are arranged. A staging area is a physical
space in the warehouse, generally near to the warehouse doors, to prepare goods
before loading them through the doors into vehicles (e.g., truck, tractor-trailer)
410, 420, 430, which are close to the staging bays.

10 In general, all the goods which are to be loaded onto one vehicle are placed on one
staging area. Therefore, the staging area 310 is associated with the one vehicle
410 at a time. However, depending on the volume of freight to be shipped by one

vehicle, more than one staging area may be associated with one vehicle at a time.

According to the invention, each staging area 310, 320, 330 is divided into several
15  staging bays 1, 2, 3, ..., 9 (Fig. 4 and 5). These staging bays define positions
where the goods are put down exactly such that they can be picked up sequentially
and loaded into the vehicle at the right place such that they can be unloaded in the
sequence the vehicle arrives at the respective destination locations. Loadmg a ve-
hicle in such a way avoids unloading and re-loading the vehicle partially if goods

20  are not directly accessible at a given location on the route.

As an example, if the vehicle has only one door through which its loading area is

accessible, the staging area is used such that goods which should be unloaded

from the vehicle first, are placed on the bay furthest away from the vehicle’s door.

In this way it is assured that the loader can take the goods sequentially from the
25  staging bays.

Thus, the goods are placed in the designated staging bay such that the loader of
the vehicle has to simply load the goods nearest to the door first and the furthest
goods last. The goods first loaded are placed in the front of the loading area of the
vehicle whereas the last goods loaded are placed backmost on the loading area.

30 Loading the vehicle in this way ensures that the goods which are first to be
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unloaded (i.e., at the first stop) can be accessed directly, without the need to

unload other goods.

In the same way, the goods to be delivered to the second destination on the route

can be directly accessed at the next stop.

5 It is to be understood that one staging bay may be designated to several stops
(destination locations), in particular consecutive stops. On the other hand, several

staging bays may be designated to one stop (destination location).

Fig. 3 illustrates the steps of the computer-implemented method of loading a vehi-
cles according to the invention. The method begins with step 10. In step 20, a
10  number of delivery requests are received. Each delivery request specifies at least

one good to be delivered, and the destination locations of the respective good.

In a next step, the means of transport for delivering the goods are determined, as
described above in connection with Fig. 1. In the following, it is assumed that for
all the goods specified by the number of requests, one vehicle is determined for
15  transport. In step 30, data is received which is descriptive of the route the vehicle
has to travel for delivering the goods. The route is such that the vehicle reaches all

the destinations.

In step 40, the goods are placed on a staging area associated w1th the vehicle of
transport. Within the staging area, the goods are positioned in such a first spatial

20  sequence that they can be picked up there from and placed in the vehicle in such a
second sequence that they can be unloaded from the vehicle, step 50. With step
60, the method ends.

- The placement of the goods in the vehicle is such that they can be unloaded at the
respective destination locations in the sequence of arriving at the destination loca-

25  tions.

As an example for the first and second sequence, if the vehicle has one door
through which the goods are loaded and unloaded, the first sequence is equal to
the second sequence, i.e., the order of the goods on the staging area is the same as
the order in the vehicle, see Fig. 4. In this case, the vehicle is loaded according to

30 the LIFO (last in-first out) principle, as illustrated in the Figure. The good to be
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unloaded last (labeled 9) is placed in the front of the trailer, thus loaded first. The
good which is to be delivered at the first destination (labeled 1) is loaded last, thus

just behind the door in the rear of the trailer.

In another case, if the vehicle has one door for loading and one door for unloading
5 (which is at the other end of the loading area), the vehicle would be
loaded/unloaded according to the FIFO (first in-first out) principle. In that case,
the second spatial sequence is inverted with respect to the first spatial sequence,

see Fig. 5.

The determination of the first spatial sequence i.e., the respective bay 1, 2, ..., 9
10 for the goods on the staging area may be more complex if the vehicle is changed
one or more times during the trip to the destinations, see Fig. 6. Then, there may
be an additional unloading/loading process at each location where the vehicle is
changed. Since with each unloading/loading process an inversion of the sequence
in the vehicle may be incurred, these unloading/loading processes may be taken
15  into account when determining the first spatial sequence at the initial loading site,

i.e., at the warehouse.

For dealing with that situation, an algorithm is proposed to determine the first
spatial sequence. First, the complete route as received by the route determination
program is partitioned into segments (legs) A, B, C on which one vehicle is driv-
20 ing. In Fig. 6, on the first segment (labeled A), there is a large tractor-trailer ravel-
ing while on the second segment B a normal-sized truck and the third segment C,

a small truck are traveling.

For all the segments (legs) A, B, C, the steps of the process according to Fig. 7 are
performed. The process is applied for associating unique numbers with each ac-
25  tual stop on the complete route (comprising all the legs) where a good is to be
delivered. With each stop (i.e., destination location for a good to be delivered) on
the respective leg where a good is unloaded, a unique ID is associated. All the IDs
of the legs have an order which is descriptive of the sequence of the respective
destination locations on the segment of the route. Thus, after application of this
30  process, the sequence of stops correspond to a sequence of increasing numbers,

beginning with 1, and ending with M, where M is the total number of stops.
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Again in Fig. 6, on segment A, the first stop may get an ID 1 associated, the sec-
ond stop 2, and the last stop 3. On segment B, the first intermediate stop is labeled
4, and the last stop is labeled 6. On segment C, the numbering of the stops is simi-
lar to that of the first leg, i.e., the begin gets an ID of 7, the intermediate stop an
5 ID of 8, the end stop an ID of 9. Then, the first spatial sequence is determined

based on the IDs associated with the stops on the route.

Several modifications of the algorithms are provided. The first sequence may have
to be inverted if there is an inversion of the sequence of the goods at a stop at the

end of a segment, due to a different way of loading/unloading a transport means.

10 At the end of each segment, there may be an unloading/loading process, where the

goods are unloaded from the one vehicle and loaded into another vehicle.

The route which the vehicle travels along may be fixed for that vehicle ("fixed-
trip"), or may be determined in each case. If it is a fixed trip, every staging bay of
a staging area may be associated permanently with a given stop on the route. If a
15  respective stop is not to be deserved on a particular trip, the corresponding staging

bay will remain void.

On the other hand, if the route is determined individually for each trip, the actual
association of the staging bays is determined for each trip again. It is to be noted
that for the determination of the route, there may be used known methods and

20  algorithms.

If there are several vehicles necessary for transporting the goods specified in the
number of requests, the goods are divided among several vehicles for transport,
and the step of determining a route is performed for every vehicle, as well as the

staging bay determination steps described above.

25  The present techniques can be implemented in digital electronic circuitry, or in
computer hardware, firmware, software, or in combinations of them. Apparatus of
the invention can be implemented in a computer program product tangibly em-
bodied in a machine-readable storage device for execution by a programmable
processor. Method steps according to the invention can be performed by a pro-

30 grammable processor executing a program of instructions to perform functions of
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the invention by operating on the basis of input data, and by generating output
data. The invention may be implemented in one or several computer programs
that are executable in a programmable system, which includes at least one pro-
grammable processor coupled to receive data from, and transmit data to, a storage
5 system, at least one input device, and at least one output device, respectively.
Computer programs may be implemented in a high-level or object-oriented pro-
gramming language, and/or in assembly or machine code. The language or code
can be a compiled or interpreted language or code. Processors may include gen-
eral and special purpose microprocessors. A processor receives instructions and
10  data from memories, in particular from read-only memories and/ or random access
memories. A computer may include one or more mass storage devices for storing
data; such devices may include magnetic disks, such as internal hard disks and
removable disks; magneto-optical disks; and optical disks. Storage devices suit-
able for tangibly embodying computer program instructions and data include all
15 forms of non-volatile memory, including by way of example semiconductor
memory devices, such as EPROM, EEPROM, and flash memory devices; mag-
netic disks such as internal hard disks and removable disks; magneto-optical
disks; and CD-ROM disks. Any of the foregoing can be supplemented by or in-

corporated in ASICs (application-specific integrated circuits).

20  The computer systems or distributed computer networks as mentioned above may
be used, for example, for producing goods, delivering parts for assembling prod-
ucts, controlling technical or economical processes, or implementing telecommu-
nication activities.

To provide for interaction with a user, the invention can be implemented on a

25  computer system having a display device such as a monitor or LCD screen for
displaying information to the user and a keyboard and a pointing device such as a
mouse or a trackball by which the user can provide input to the computer system.
The computer system can be programmed to provide a graphical or text user inter-

face through which computer programs interact with users.

30 A computer may include a processor, memory coupled to the processor, a hard

drive controller, a video controller and an input/output controller coupled to the

10
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processor by a processor bus. The hard drive controller is coupled to a hard disk
drive suitable for storing executable computer programs, including programs em-
bodying the present technique. The I/0 controller is coupled by means of an I/O
bus to an /O interface. The I/O interface receives and transmits in analogue or
5 digital form over at least one communication link. Such a communication link
may be a serial link, a parallel link, local area network, or wireless link (e.g. an
RF communication link). A display is coupled to an interface, which is coupled to
an I/O bus. A keyboard and pointing device are also coupled to the I/O bus. Alter-
natively, separate buses may be used for the keyboard pointing device and /O

10  interface.

Other embodiments are in the scope of the following claims.

11
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Claims

1. A computer-implemented method of loading goods stored in a warehouse
on a vehicle for transporting and delivering to a number of destination lo-
5 cations, whereby the destination locations are on a predetermined route,
the method comprising the following steps:
receiving a number of delivery requests, each request specifying
the goods to be delivered, and
the destination locations of the goods to be delivered;
10 receiving data descriptive of the route which the vehicle has to travel
for delivering the goods at the destinations;
placing the goods to be delivered on a staging area associated with the
vehicle, the staging area defining a physical place where the goods are
intermediately put down and sequentially picked up from for being
15 loaded on the vehicle;
whereby the goods are positioned on the staging area in such a first
spatial sequence that they can be picked up there from and placed in
the vehicle in such a second spatial sequence that they can be unloaded
from the vehicle at the respective destination locations in the sequence

20 of arriving at the destination locations.

2. The method of claim 1, wherein the staging area is divided into a spatial
sequence of staging bays, each staging bay corresponding to a destination
location such that goods to be delivered at a destination are placed on the

25 corresponding staging bay.

3. The method of claim 2, wherein one staging bay corresponds to several

destination locations.

30 4. The method of claim 2 or 3, wherein several staging bays cotrespond to

one destination location.

12
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5. The method of one of the preceding claims, wherein the second spatial

sequence is equal to the first spatial sequence.

5 6. The method of one of claims 1 to 4, wherein the second spatial sequence is

inverted with respect to the first spatial sequence.

7. The method of one of the preceding claims, wherein the staging area is
organized according to the LIFO principle.
10
8. The method of one of claims 1 to 6, wherein the staging area is organized

according to the FIFO principle.

9. The method of one of the preceding claims, wherein the staging area is
15 located spatially between the warehouse and a loading area for the vehicle

of transport.

10.  The method of one of the preceding claims, further comprising the follow-
ing steps: partitioning the route in a number of legs, each leg defining a
20 segment of the route on which the good is transported on one transport
means;
for all legs,
associating with each stop on the leg a unique ID, the ID being rep-
resentative of a destination location on the leg;
25 the IDs having an order which is descriptive of the sequence of the
destination locations on the leg;
based on the order of the IDs, determining the spatial sequence in which

the goods are to be put down on the staging area.

30 11, The method of claim 10, wherein the first spatial sequence is the same as

the order of the IDs.

13
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The method of claim 10, wherein the first spatial sequence is inverted with

respect to the order of the IDs.

The method of one of claims 10 to 12, further taking into account the num-
ber of times which the order of the goods is inverted at the ends of a legs

of the routes.

The method of one of the preceding claims, wherein the route is a fixed

trip.

The method of one of the preceding claims, wherein the vehicle is a fixed-

trip vehicle having a predetermined route to travel.

A computer system for performing the method according to one of the

preceding claims,
A computer-readable storage medium comprising program code for per-

forming the method according to one of claims 1 to 15, when loaded into a

computer system;.:

14
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jnventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter 11 procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guideline C-VI, 8.5),
should the problems which led to the Articie 17(2) declaration be
overcome.
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