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Abstract

To monitor goods (3) and/or containers (5) a method and a system

are proposed that comprises the following components.

@ FEach good (3) or container (5) 1s allocated a transponder (1) on
which influence wvariables on the good (3) or on the container (5)
are recorded by means of a sensor means (20). The transponders

(1) are wirelessly connected to each other, e.g. as an ad-hoc

network.

¢ One of the transponders (1, 9) transmits all of the recorded
influence variables (INFl) to an allocated communication unit
(4) .

In this way, a system 1s provided that automatically, and without

manual intervention, provides very early detection of impermissible

effects on the goods (3) to be stored or transported. In this way,

for example, a re-ordering can be activated before the impaired

goods (3) are delivered to the intended recipilient.

(Fig. 2)
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Method for monitoring goods

The invention relates to a method for monitoring goods and also to

a monitoring system for implementing the aforementioned method in

accordance with the characterising clause of patent claim 1.

The invention 1is concerned with the field o©of monitoring and

=

tracking of goods to be transported by transport means or also of

goods within an area.

pn

In order to provide information to recipients of the probable

arrival time of goods transported in containers, web~-based

information systems are known whereby a potential recipient can

enquire about the progress of the transport of hisg goods. These
systems are based, for trucks for example, on a location determined

by means of the global positioning system GPS. In this case, an

allocation of the contract or job number to the relevant truck 1is

stored 1n a database of a transport company. The allocation itself

can, for example, be made by means of a barcode reader. The truck

driver reads a barcode placed on a container by means of a device.

This 1information is transmitted tc the named central database by

means of a communication and locating unit on the truck. In this

case, the barcode is the code of a consignment note.

For acquiring the data in the manner of the aforementioned system,

a method 1s proposed in document DE 199 11 302 Al (Creutzmann,

Jochen, DE-Hamburg) whereby the required data 1is entered in a

storage device on the wvehicle when loading and unloading.

Transponders are provided for identification of the goods or

contaliner. By means of updated location information for the wvehicle

1t is also possible to determine a deviation from the transport

route and 1f necessary trigger a message to the ascociated

transport company by means of a transmitting device on the relevant

P

vehicle. If the cargo compartment is opened at an ilnappropriate

time, impairment of the aforementioned kind can also occur.

Therefore 1t 1s possible to direct intervention forces +to the




CA 02444152 2003-10-02

2002P13391

location of the relevant vehicle. The disadvantage with this system

is that the data acguisition must necessarilily take place during

loading and unloading of the goods.

Document DE 196 28 801 Al (Daimler-Benz Aerospace AG) discloses a

computer-aided goods management system whereby stationary or mobile

reading/writing equipment connected to transponders on the vehicles
is arranged along the planned route, in order to exchange data. The

onward journey of the relevant transport vehicle is permitted or

prevented depending on the results of the check of the exchanged

data.

el

“hat

For monitoring the goods to be transported, 1t 1is important
the receiver knows not only the exact location and the probable
arrival time but also, where necessary, the circumstances that
would pose a danger to the goods to be transported. This is

particularly important for ©perishable products. It 1s not

sufficient 1n this case to simply determine during unloading by

means of a logbook or log file that, for example, the transported
ice cream was temporarily exposed to a temperature greater than -

52C and when the normal temperature of -24°C was restored it

crystallised and therefore could no longef be sold. This
information should already be made accessible in advance to the
recipient and/or sender of the ice cream. In this way, a second
delivery could be activated without the recipient having to be
told.

The object of the 1nvention 1s therefore toc provide a monitoring
System for goods that without manual procedures monitors a number
of goods or goods containers with respect to the instantaneous
location and the relevant influence factors, so that intervention

based on the corresponding data is possible before delivery to the

destination.

This object is achieved by the features given in patent claim 1.
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By means of the process steps, 1n accordance with which

A influence variables on a good in each allocated transponder is

recorded with a connected sensor means,

B the transponder transmits the recorded influence variables to

each other wvia their transmitting/receiving modules,

C one of the transponders transmits, via its

transmitting/receiving module of the communication unit
allocated to the transport means, all of the influence

varliables recorded by the transponders,

a method 1s provided that autonomously and automatically records

influence wvariables on goods and makes this information accessible
to a communication unit for evaluation. The means reguired for

performing the method can be allocated in a simple manner to the

H

goods to be transported or stored thanks to radio communication of

the transponders with each other.

Advantageous embodiments of the invention are given in further

claims.

By means of a communication link between the communication unit and
a remote centre, the recorded influence variables from a number of
transport means can be monitored and measures for intervention,
correction or help can be activated very early in the event of

deviations from the permissible wvalues of the influence variables

being detected. In this way, further damage to the transported

goods can be avoided in individual cases (patent claim 5).

The sensor means for recording the influence variables can also be
allocated to a container holding the goods, without this requiring
the method 1in accordance with the invention to be modified. 1In
particular, mixed operation is possible on one transport means with
some sensors belng- allocated to containers and others directly to

the goods (patent claim 2).
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The number of transponders on a transport means form an ad-hoc

network. This means that when Jloading & transport means with

-
amd

containers or goods there 1s absolutely no need to take account of

their spatial arrangement because these transponders autonomously

organise communication between each other (patent claim 3).

Messages output by the communication unit to the transponder at the
start of a transport are determined on the basis of acknowledge
messages of the particular transponder that transmits all of the
influence variables recorded by the transponders to Lhe
communication unit. This means that when lcocading no account needs

to be taken of the stacking of containers or goods or of the

allocation of transponders to containers or goods (patent claim 4).

The invention 1s explained in more detail using the following

drawings. These are as follows.

Figure 1 Arrangement on a ship of the components of the system in

accordance with the invention.

Figure 2 Arrangement on a train of the components of the system

in accordance with the invention.

Figure 3a Arrangement of a transponder on a container.

Figure 3b Block diagram of a transponder.

Figure 4 Block diagram of the functional components of a

transmitting/receiving unit on a means of locomotion.

Figure 5 Topological arrangement of transponders.

Figure 1 shows a ship with a ship's hold 8 as a transport means 2,

that holds containers 5 in a free and unordered manner, in which

the goods to be transported 3 are contained. A communication unit 4

is fitted, preferably on the deck of the ship. In this example of
an embodiment, each container 5 is provided with a transponder 1.

For reasons of clarity this 1s only partially shown in figure 1.
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Each of these transponders 1 1s connected to at least one sensor
means 20. Influence variables detected by the sensor means 20 are
recorded in the associated transponder 1. One or mnmore of the

following influence variables can be recorded by sensor means 20.
- Temperature within container 5 or outside container 5.
- Air humiditvy in container 5.

- Acceleration, e.g. impact, shock or wvibration.

- Electromagnetic field on container 5.

- Ionising radiation.

. Chemical composition of the ambient air.

- Opening of the container 5 or of the good 1 by means of a

contact.

A second arrangement of goods 3 transported 1in containers 5 1is
shown 1in figure 2 as a freight train. In particular, the
- transponders 1 do not need to be attached to a container 5, but can

instead be mounted directly on one of the goods 3 to Dbe

W

transported, as is shown on the second goods wagon in figure 2.

Figure 3a shows an example of the mounting of a transponder 1 on a
container 5. The transponder 1 1s mounted on the corrugated outer
wall 7 of a container 5 by means of a supporting element 6. The
preferred form of a transponder 1 1s as an "electronic ticket" such

as 18 disclosed 1in document WO 01/20557 Al (Siemens Transit

Telematic systems AG). A transponder 1 of this kind is typically

the size of a credit card. The supporting element 6 can preferably

be a plastic compound or a fabric pocket. If it is a fabric pocket,
this 1s preferably affixed to a predetermined point of a container
5 by means of a hook and eye closure. The fabric pocket itself can

also Dbe provided with a closure in orxder to hold a specific
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transponder within it in a simple manner. The sealing can also be
based on a hook and eye closure. Thanks to the small size of the
transponder, 1 1including the supporting element 6 1t can be
attached in a "valley" of the corrugated surface of the container
5. This minimises the danger of shearing off or pulling off, e..g.
during loading. A connection line can be pulled through to a sensor
means 20 within the container 5 through an opening in the outer
wall 7. By means of this sensor means 20, the air temperature

inside the container 5, for example, can be recorded. To record an

electromagnetic field, an 1onising radiation or acceleration such
as vibration, impact or shock, the sensor means can also be mounted
outside on the outer wall 7 of the container 5. The following are

further examples of influence wvariables to be recorded within a

container 5:

The chemical composition of the ambient air, such as the amount of

nitrogen N, or the presence of exhaust gases. Instead of the
aforementioned hook and evye closure, the attachment of the
transponder 1 can be such that the transponder 1 1is secured by a
wire 1loop that carries a current at the transponder end. The wire
loop 1s passed through the interface module 15, which is described
in more detail below. This enables unauthorised removal of a
transponder 1 from a container 5 or from a good 3 to be determined

and an alarm for the attention of intervention forces to Dbe

triggered 1f necessary.

Figure 3b 1s a block diagram of a transponder 1 showing the

following components.

e First recelving module 11 and second transmitting/receiving

module 12 with allocated antennas 18.1 and 18.2.

¢ Processor module 13 and memorv module 14.

¢ Interface module 1% to which at least one sensor means 1S

connection via the connecting link 19.

® Power supply nmodule 16 with Dbattery 17 (the electrical

connections are not shown).



CA 02444152 2003-10-02

2002P13391

The aforementioned modules 11, 12, 13, 14 and 15 are connected to

each other via a bus system 10.

There are wvarious ways in which communication with a transponder 1
can be realised. In this example, these are based on the method
disclosed 1in document WO 01/20557 Al. By means of the first
receiving module 11, the transponders 1 are wakened from sleep by a

signal, e.g. a 7.68 MHz signal. At a higher laver this signal

contains a message with various information fields. These also

contain information on the basis of which the second

transmitting/receiving module 12 18 switched to an intermittent
mode, with this second transmitting/receiving module 12 preferably
being operated at a substantially higher frequency, e.g. in the 868
MHz range. From the point of view of a transponder 1, one freguency

each 1s to be provided for the outgoing and incoming communication

link, e.g. 868.0 MHz and 868.5 MHz. It 1s also possible to have a

semi-duplex method on one single frequency. As an alternative to
the aforementioned method, the wake-up can be automatically
achieved by a device during the attachment of the ticket or

transponder 1 to a container 5 or during the loading of ship 2. To

do this, all that 1s regquired 1s for the communication unit 4 or

1ts antenna 47.3 to be positioned close to the loading opening for

the ship's hold 8 and switched to the T"wake-up" mode. The
transponder 1 has, in accordance with document WO 01/20557 Al, a
high degree of autonomy. With this application for recording
influence variables, the interval for the Dbi-directional
communication can be set to a loanger grid in a range of some

minutes or even more. This enables the autonomy to be further

increased. The transponders 1 each have their own identity. If

transponder 1 1s allocated to container 5 or transport good 1, this

1s to be recorded for subsequent evaluation and monitoring. This
can be carried out by using a mobile writing/reading device, the
data of which is later transmitted to a centre. By means of this
device, a transponder can also be wakened at a frequency of, e.g.
7.68 MHz by means of the method described in WO 01/20557 Al, or it
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18 also possible to transmit the data in the intermittent mode to

the relevant transponder 1 by means of an electrical connection.

The topological arrangement of a number of transponders 1 1in a

ship's hold 8 or on a railway train 2 (see Fig. 2) 1s shown in the
block diagram in Figure 5. Figure 2 with railway wagons connected
in line suggests a bus structure. This 1is not so Dbecause the

transponders 1 cannot detect any neighbouring structure. Therefore

the communication connections can be, or are, as a rule established
from one transponder 1 to several other transponders 1. In a
topology of this kind, these transponders form an ad-hoc network.
The operation of ad-hoc networks is, for example, given in document
DE 100 62 303 Al (7 lavers AG, DE-Ratingen). In figure 5 it 1is
assumed that transponder 9 functions as a master transponder 9. A
bi-directional communication with the communication unit 4

allocated to the transport means 2 takes place from this

transponder 9. As illustrated in figure 5, a mutual transmission of

the influence wvariables recorded 1in the individual transponders 1

takes place. A INF1l data structure, an example of which is shown in

the following table 1, 1s used for this purpose. Instead of the
term data structure, the term message structure 1s also used in

this context.
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INF1 information unit

|

ADDRESS1 Address of the transmitting transpoder 1.

' ADDRESS2 Address of transponder 1 on which the

1

|
|

ENVIRONMENT VALUES were recorded.

!

DATETIMEl - | Date and time. Time stamp of the
| cransmission to the receiving transponder 1.

COMMAND | commands to the receiving transponer 1.

ENVIRONMENT VALUES Recorded influence variables. This entry can
also be omitted depending on the entry 1in
| the COMMAND field.

DATETIME?2 'Date and time. Time stamp of the recording
of the ENVIRONMENT VALUES field.

Table 1

Both the received and also the influence wvariables recorded on the

relevant transponder 1 are stored in a table in each transponder 1,

with the FILE data type being preferably used. This ad-hoc network

1s the basis whereby one of the transponders 1 succeeds in
establishing a bi-directional communication 1l1link with  the
communication unit 4 allocated to the transport means 2. This
transponder is shown in figure 5 by the reference designator 9 and

18 called a master transponder.

The "master transponder™ function 1S preferably allocated

dynamically. A special message can be transmitted from

communication unit 4 for this purpose. The transponder 1 receiving

this message acknowledges receipt of this message. Communication

unit 4 analyses which of the aforementioned transponders has the

best reception and transmission conditions. For this purpose, the
reception level and its time characteristic ("shape" of the

received signal) can, for example, be analysed using reflections.
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The basic reqguirement for this i1s that a connection on laver 1
(within the meaning of the 0OSI model) 1s always ensured. In the

aforementioned manner, the communication unit 4 can allocate the

"master transponder" 9 function to the selected transponder 1 by

transmitting a message to it.

Following successful reception of the information units INF1l with
the recorded influence variables transmitted from the master
transponder 9 to communication unit 4, communication unit 4
provides an acknowledgement. This deletes the influence wvariables

recorded in the aforementioned table or file. Master transponder S

then transmits a further information unit INF2 with a structure
comparable to that of INFl. An indication to delete the relevant
information unit in the receiving transponder 1 is in this case
éontained in the COMMAND field. A distinction can now be made

petween two cases, as follows.

® The relevant information unit INFl originates from the receiving

transponder. The procedure 1s ended.

Lo

e The relevant information unit INF1l origlnates from a different

transponder than the receiving transponder. A transmission of a
further information unit INF2 then takes place. The address of
the receiving transponder 1 is known at the same time, refer to
the ADDRESS1 field.

If a transponder 1 receives an information unit INF2 not meant for

1it, 1t is preferably rejected.

To explain the further processing of the influence variables

transmitted from the master transponder 9, the functional units of

a communication unit 4 are first explained using figure 4.

Figure 4 shows a communication wunit that in this construction

contains the following.

¢ Sending/transmitting unit 42 for communication with a remote

centctre.

¢ Sending/transmitting unit 43 for communication with  the

transponders and the master transponder 9.



CA 02444152 2003-10-02

2002P13391
11

e Locating unit 41, e.g. a GPS receiver.

¢ Processor unit 44 and memory unit 45.

¢ Antennas 47.1, 47.2 and 47.3 for locating units 41 and for
transmitting/receiving units 42 and 43.

¢ Power supply unit 46.

e Bus system 40 for connection of the aforementioned units.

The influence variables, including at least one time stamp,
communicated via the master transponder 9 to the communication unit

4, are stored in the memory unit 45, e.g. as a FILE data type. To

determine and assess the reliability of the recorded influence
variables using the method in accordance with the invention, a
communication 1link is established between the communication unit 4

and a remote centre. The transmitter/receiving unit 43, which for

example 1s part of the trunk radio system such as TETRA or TETRAPOL
or a cellular mobile communication system such a GSM i1s used for
this purpose. When the recorded influence variables are transmitted
they are advantageously provided with location information. The

location information can be taken from the locating unit 41.

Depending on the type of transported goods 3, it can also be

provided that the location information is stored relative to a time

grid, e.g. at 1intervals of 30 s. Because the recorded influence
variables are also provided with a time stamp, 1in this way the
particular relevant location information can be allocated at the
centre during transmission. In this way, an impermissible effect
can be reconstructed 1f necessary using post-processing. This is
significant, particularly for transport by truck. Be means of post-
processing, any missing recording can also be detected, which for

example could occur due to & parallel run of two freight trains.

The aforementioned antennas 41.1, 47.2 and 47.3 need not Dbe
connected directly to communication unit 4, but instead can be
advantageously arranged remotely, SO that optimum
transmitting/receiving conditions can be achieved. If necessary,

there can also be several antenna 47.3 in or at a ship's hold.
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The invention 1is not, for example, limited to the aforementioned

embodiment.

It 1s also possible to use a wireless network already in a
transport means as a transport medium, e.g. a private wireless
LAN or a public wireless LAN.

The invention can also be used in a warehouse 2 or a storage area

2, where a number of goods have to be monitored with regard to

the effects of envirommental influences and their presence. The

specification of the master transponder 9 function can in this

case take place within a fixed time grid. This function then has
to be re-specified if the relevant good 3 was moved out of the

storage area. During this process, either transponder 9 can be

left on good 3 or deliberately deactivated by means of a manual

intervention using the mentioned read/write device.
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Transponder

Good
Communication unit
Contaliner

Supporting element
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Master transponder

Bus system on transponder 1

First receiving module
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warehouse,

storage area

Second transmitting/receiving module

Processor module
Memory module
Interface module
Power supply module

Battery

Antenna for first sending/transmitting module

Antenna for second sending/transmitting module

Connecting link to a sensor means

Sensor means

Bus system on transmitting/receiving unit

Locating unit

Transmitting/receiving module for a

remote centre

43

44
45
46

4°7 .
&7 .
477 .

w N R

connection to a

Transmitting/receiving module for communication with the

transponders
Processor unit
Memory unit

Power supply unit

Antenna for locating unit

Antenna for transmitting/receiving module 42

Antenna for transmitting/receiving module 43
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GPS Global Positioning System

GSM Global System for Mobile Communication
LAN Local Area Network

OSI Open System Interconnection

TETRA Trans-European Trunked Radio System
TETRAPOL "PTRErrestrial Trunked RAdAi0 system for POLaice"
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Patent claims
1. Method for monitoring goods (3) with each good (3) being

allocated a transponder (1) having a transmitting/receiving module
(11, 12) and a communication unit (4) being provided for one of the

transport means (2), that serves a wireless Dbi-directional

communication with transponders (1),

characterised by the following procedural steps.

b

fluence varliables on a good (3) are recorded 1in each

A In:
allocated transponder (1) with a connected sensor means (20).

B The transponders (1) communicates the recorded influence

variables to each other through theilr transmitting/receiving

modules (11, 12).

C One o©f the transponders (9} transmits all of the influence

varlables recorded by the transponders (1) to an allocated

communication unit {(4) through its transmitting/receiving

module (11, 12).

2 . Method in accordance with claim 1,

characterised 1n that,

individual goods (3} are 1located 1in containers (5) and a

transponder (1) allocated to a container (5) and in procedural step

A the influence variables on the container (5) and/or on the goods

(3) contalned in container (5} are recorded.

3. Method 1n accordance with claim 1 or 2,

characterised in that,

1n procedural step B the transponders (1) form an ad-hoc network.

4. Method in accordance with one of claims 1 to 3,

characterised in that

for the procedural step C the transponder (1, 9) that communicates

to the communication unit (4) all of the influence variables

recorded by the transponders (1) is determined from messages (INF1,

INF2) transmitted from the communication unit (4) Co the
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transponders (1) on the basis of the acknowledgment messages (INF1,

INF2) generated by these.

5. Method in accordance with one of claims 1 to 4,
characterised in that by a procedural step D following procedural

step C, according to which

the allocated communication unit ((4) transmits all of the

influence wvariables communicated from one transponder (9) to

a remote centre.

6. Method in accordance with one of claims 1 to 5,

characterised in that,

the current time is additionally recorded in procedural step A.

7. Method in accordance with claim 5 or 6,

characterised in that,

in procedure D location information originating from a locating

unit (41) is additionally communicated.

8. Method in accordance with claim 6 or 7,
characterised 1n that,
the particular locating information is stored in time intervals in

the communication unit (4, 45) and in that in procedural step D the

relevant locating information is communicated on the basis of the
time allocation during the transmission of the complete influence

varilables.

9. Method in accordance with one of claims 1 to 8,

characterised in that,

r\b

in procedure step C, after successful transmission of all of the

recorded 1nfluence variables one transponder (1, 9) sends a message

to the other transponders {(1l) on the basis of which the influence

variables still recorded in the transponders (1) are deleted.

10. Method 1n accordance with one of claims 1 to 9,

characterised in that,
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