1 AN APPARATUS AND METHOD FOR MONITORING REFRIGERATED CONTAINERS
TECHNICAL FIELD 5This invention relates generally to an apparatus and method Mr monitoring
refrigerated containers and relates more particularly, though not exclusively, to an apparatus and
method for monitoring operational parameters of refrigerated shipping containers. BACKGROUND
10A refrigerated container typically comprises a relatively standard freight container fitted with a
refrigeration system to keep cooI the contents of the refrlgerated contalner For a refrigerated shipping
container, power to £ 1B AlReAr Bty A . RECHAIET EDpply when
the refrigerated contalner isin port or from a Shlp S main power supply When the refrigerated container
is on the ship. 15 Refrigerated containers are us€dNd fxBNERSIt goods that need to be kept within a
particular range of operational parameters such as temperature and humidity. These may be food or
non-food items. The goods may be further categorized as frozen or chilled items. Chilled items are
often perishable items. For example, chilled fruits and 20vegetables continue to respire while they are

transported in reffidéNfetlcbhkdiRers from

5 This invention relates generally to an apparatus and method for monitoring refrigerated

containers and relates more particularly, though not exclusively, to an apparatus and

method for monitoring operational parameters of refrigerated shipping containers.

BACKGROUND

10 A refrigerated container typically comprises a relatively standard freight container fitted
with a refrigeration system to keep cool the contents of the refrigerated container. For a
refrigerated shipping container, power to operate the refrigeration system may be taken
from a shore power supply when the refrigerated container is in port, or from a ship’s
main power supply when the refrigerated container is on the ship.

15
Refrigerated containers are used to transport goods that need to be kept within a
particular range of operational parameters such as temperature and humidity. These may
be food or non-food items. The goods may be further categorized as frozen or chilled
items. Chilled items are often perishable items. For example, chilled fruits and

20 vegetables continue to respire while they are transported in refrigerated containers from
port to port and chemical reactions may continue to take place within the products
resulting in a continuous liberation of heat and gases. To prevent spoilage, the
refrigeration system must include evaporator fans to draw such heat away from the

cargo space motre quickly than it is generated.




port to port and chemical reactions may continue to take place within the products resulting in a
continuous liberation of heat and gases. To prevent spoilage, the refrigeration system must include
evaporator fans to draw such heat away from the cargo space more quickly than it is generated.
Considering that he cargo could be items of high value, such as blue-fin tuna or pharmaceutical
products, it is in the interest of the shipper, the freight agent, the shipping line and also the port
operator that such cargo is safely transported and arrives in good condition at the destination points.
To this end, it i$ nevdssapythotriienitogshe Bdper dtionalf paghmeterssofrefrigecatedtocontainers to ensure
that the contents maintained within an acceptable range of those operational parameters. With
monitoring, actigrmaygduétalkerdoatarestianleantmsiiestteabmayr affedi ¢hghtagiitioheof the contents.
This is especially important for chilled cargo as they are highly temperature sensitive, and the
acceptable temyperatogd irarmgel i sootraaly v aiaribat, edh c0gs G.sabGatgogamabarhayioccur with
small increases or decreases in temperature from a desired set-point temperature. Currently, the
operational paransetetsamadyibe andaulsiiimbeitoredibyl a teistmidiani ymakissepetiodieniouribtls on a ship
or at a port to visually inspect refrigerated containers 15located therein. The refrigerated containers
may be fittéd witbreedispiagepraneetrorh iwitigbrates euhininianteanswadhanthesd@towathe levels of the
operational parameters. Alternatively, the technician may carry a portable device to download data via
an interrogatiorgsHafitrsivEepeny aefejebitsancombihese Trrydtitmebprrioreisort Wigrovidedwith the
refrigeration system. It is normally a serial port connected to a data 20recorder. The data recorder
records the datéctiaizkey by thkcrefpigersbansyatemalivadking of aliedspheiedtoritiohs such as

temperature and humidity may be
contents. This is especially important for chilled cargo as they are highly temperature

sensitive, and the acceptable temperature range is normally very narrow, e.g., £ 0.5 °C.
10 Cargo damage may occur with small increases or decreases in temperature from a

desired set-point temperature.

Currently, the operational parameters may be manually monitored by a technician
making periodic rounds on a ship or at a port to visually inspect refrigerated containers
15 located therein. The refrigerated containers may be fitted with a display panel from
which the technician can read and take down the levels of the operational parameters.
Alternatively, the technician may carry a portable device to download data via an
interrogation port fitted to every refrigerated container. The interrogation port is
provided with the refrigeration system. It is normally a serial port connected to a data
20 recorder. The data recorder records the data tracked by the refrigeration system.
Tracking of atmospheric conditions such as temperature and humidity may be
performed by sensors located at various locations within the container box. Besides
temperature and humidity, the data may comprise other information such as cooling

rates and evaporator fan usage, and so forth.



performed by sensors located at various locations within the container box. Resides temperature and
humidity, the data may comprise other information such as cooling rates and evaporator fan usage,
and so forth. Presently, there are a handful of manufacturers of refrigeration systems for refrigerated
containers. Each manufacturer provides a proprietary data protocol module compatible for processing
only data obtained from a refrigeration system of its own manufacture. Various makes of refrigerated
containers having refrigeration systems made by the 5different manufacturers are handled together on
ships and at pdttspands, thersseigudiniiahed obmifstisyshe rdeigaieiionfsosicanlmiserisfestdgerated
containers of different manufacture have to be indicated for subsequent correct processing by their
respective confipalibietatz pheroesl#adelera0Asporoetashintianaingy bucable tomantjbelaptop
installed with compatible data protocol modules for manual on-site processing of data. from each
inspected refridefOgssHGEY. ©it phirashipgivsrtistaiers ey Exwemaenriagiesnd weather
conditions including or resulting in rolling, pitching, extreme cold and rain on deck. Therefore, carrying
a laptop to inspteifieT§akeenlgefHesudesheamieiacss et rmishiecratipRe YsenHicnadaRayhifstead carry a
hand-held device that connects to the interrogation port to only download and store data. The
hand-held YevitE R faterdurmeEes f Aesmpliertt tptoad ierBde ror dutelprocassiNgN Given the
small size of the hand-held device, only data from a limited number of containers may be obtained and
stored at the ofétinfEaiguiibere hotmciEnma munkesalarhi gatiteh wrtnmpiatb AiHye
20inspection of all the refrigerated containers. Consequently, hand-held devices are more commonly

used for maintErERLECHAR BRTRAR BctidicHieh iR sausaidosrstidnar patasadrs bt st Btated

containers. 4 i
compatible data protocol module.

10 At port, the technician may be able to carry a laptop installed with compatible data
protocol modules for manual on-site processing of data from each inspected refrigerated
container. On board ship, given that there may be extreme climatic and weather
conditions including or resulting in rolling, pitching, extreme cold and rain on deck.
Therefore, carrying a laptop to inspect tiers of refrigerated containers is not feasible.

15 The technician may instead carry a hand-held device that connects to the interrogation
port to only download and store data. The hand-held device is later connected to a
computer to upload the data for data processing. Given the small size of the hand-held
device, only data from a limited number of containers may be obtained and stored at the
one time, requiring the technician to make several rounds to complete a single

20 inspection of all the refrigerated containers. Consequently, hand-held devices are more
commonly used for maintenance rather than actual monitoring of the operational

parameters of refrigerated containers.




Currently, in a best case scenario, a typical cycle time of each manual inspection round is about four
hours. Under bad conditions at sea, at times, it may be altogether too hazardous for a technician to
venture out, so the refrigerated containers may go for long periods without monitoring. It will be
appreciated that visual inspection of refrigerated 5containers at port or on board ship may be an
arduous and hazardous process for the technician. In 4n alternative to obtaining data via the
interrogation port, a refrigerated container may be fitted with one or more additional sensor probes to
directly monitof-esisaifions a4 bestthesiniesivriof tHaieHtalses and elastshimimforhiatinstivitioutdapping
into the data recorder of the refrigeration system. However, inserting an additional probe or probes

requires furthefsrbelifiéaiorrtsa FeriRydredecondiitainat wadeistimesisivaasiwaltegcisetationally

prohibitive. 15In attempts to overcome the disadvantages attendant with visual inspection or installing
additional probe¥adProlie ksheisieptavsibaiofing BicadHeraiahsAbYIRcyiele sihierdenor
example, seconds or minutes, power line transmission systems have been proposed wherein data is
transmitted viaR$1&ean o owrBwpERse pbwaH bsisterisainiid shsbwisrs s iestige ltishisgsttash of the
refrigerated containers. By using the power cable, 20data transmission can take place in both
directions, fronf SH e detrietatddeartaitipmpyirerinel waitsbBisanl pugurecaspsiiéhdine modem
(slave modem) to be installed on every refrigerated container and at least one master modem installed
on board ship é%l“&ﬂ%rt. The refrigerated container slots on board ship or at port must also be
provided

In an alternative to obtaining data via the interrogation port, a refrigerated container
may be fitted with one or more additional sensor probes to directly monitor conditions
10 ofthe interior of the container and transmit information without tapping into the data
recorder of the refrigeration system. However, inserting an additional probe or probes
requires further modification to a refrigerated container and is intrusive as well as

operationally prohibitive.

15 In attempts to overcome the disadvantages attendant with visual inspection or installing
additional probes, to provide consistent live monitoring or a shorter monitoring cycle
time of, for example, seconds or minutes, power line transmission systems have been
proposed wherein data is transmitted via a standard three-phase power cable that also
powers the refrigeration system of the refrigerated containers. By using the power cable,

20 data transmission can take place in both directions, from or to the refrigerated container.

Power line transmissions require a power line modem (slave modem) to be installed on
every refrigerated container and at least one master modem installed on board ship and

at port. The refrigerated container slots on board ship or at port must also be provided




5 with special sockets that are typically integrated with the refrigerated container power outlets for
connecting with a signal cable for data transmission. The costs of fitting refrigerated containers with
power line modems and installing ships and ports with the power line transmission systems are
prohibitively high. Consequently, most shipping Dlines have not adopted a power line transmission
system, preferring to still rely on technicians to visuallysinspect and obtain data from refrigerated
containers on board ship or at a port yard. SUMMARY 10In general terms, it is proposed that
operational parairetpesinaydietatitonmati caly dbtdined-frahwigfrigerafe gecantatnets meitipouterequiring
modifications to existing refrigerated containers and without requiring a technician to go to a container
to visually readoot|devinicadndatangThighraaig rbat e docoisteeffactivesmonitbkrg sy steftitat can be
readily implemented for all makes of refrigerated containers with little capital 15investment and
installation. trueeéngktetehchoglthalaintmanitaring maydnes ackievedlagahgsulhdbessypbrtbbility of
the invention between truck, trailer, port yard and ship. "[he apparatus and method receive data from
the refrigeratedbowrtdime rtriasanstiter syg@atiorpopt@ntite ebftigeraten coptainer Moseshppangtus
includes a receiver for 70receiving data from refrigerated containers and a processor for processing
the data. Prefetatslyhtie proeessiod hap o plliraliaofateopreatsicol . medelesdnststiik dethierein and
automatically determines which of the plurality of data protocol modules is compatible for processing
data from a reftigpbratethsomtaiuelyArtspesritderbdaitodattioally sériderprotemgethetatentbanhonitoring
centre.

ship or at a port yard.

SUMMARY

10 In general terms, it is proposed that operational parameters may be automatically
obtained from refrigerated containers without requiring modifications to existing
refrigerated containers and without requiring a technician to go to a container to visually
read or download data. This may provide a cost-effective monitoring system that can be
readily implemented for all makes of refrigerated containers with little capital

15 investment and installation. True end-to-end cold-chain monitoring may be achieved as

a result of easy portability of the invention between truck, trailer, port yard and ship.

The apparatus and method receive data from the refrigerated container via an
interrogation port on the refrigerated container. The apparatus includes a receiver for
20 receiving data from refrigerated containers and a processor for processing the data.
Preferably, the processor has a plurality of data protocol modules installed therein and
automatically determines which of the plurality of data protocol modules is compatible
for processing data from a refrigerated container. A transmitter automatically sends

processed data to a monitoring centre.



6 A record of an interrogated refrigerated container and its compatible data protocol module is
preferably maintained in a register such that upon the processor receiving data from a previously
interrogated refrigerated container, its compatible data protocol module may be determined from the
register. S Preferably, the apparatus is provided with a multiplexer to receive data from a plurality of
refrigerated containers and to transmit received data té the processor.  Data transmission between
the refrigerated container, the apparatus and the monitoring 10centre may be performed via cable or
wirelessly. A firstraspdcrfismimtspisaraeds $6i gasiitbenoopsreribiacparaible daofrapiesdt one
refrigerated container, the at least one refrigerated container having an interrogation port, the
apparatus comprisiHg ia rselErabheowiifaiests rwaisictstabifbah wner hepropsasd«shtditer via the
interrogation port, a processor configured to process the data received from the at least one
refrigerated cofsnEpmandrataidmitterRuemdtshatRaRAEansTNiting sroepsdbly demne'@ebnitoring
centre. Another aspect is a method of monitoring operational parameters of at least one 20refrigerated
container, the rafriydearay o deagievs\iryratiatagis€srder and an interrogation port, the method
comprising receiving data from the data recorder of the at least one refrigerated container via the
interrogation port, processing the data, and automatically transmitting processed data to a monitoring

centre.
Preferably, the apparatus is provided with a multiplexer to receive data from a plurality

of refrigerated containers and to transmit received data to the processor.

Data transmission between the refrigerated container, the apparatus and the monitoring

10 centre may be performed via cable or wirelessly.

A first aspect is an apparatus for monitoring operational parameters of at least one
refrigerated container, the at least one refrigerated container having an interrogation
port, the apparatus comprising a receiver configured to receive data from the

15 refrigerated container via the interrogation port, a processor configured to process the
data received from the at least one refrigerated container, and a transmitter for

automatically transmitting processed data to a monitoring centre.

Another aspect is a method of monitoring operational parameters of at least one

20  refrigerated container, the refrigerated container having a data recorder and an
interrogation port, the method comprising receiving data from the data recorder of the at
least one refrigerated container via the interrogation port, processing the data, and

automatically transmitting processed data to a monitoring centre.




7 BRIEF DESCRIPTION OF 'THE DRAWINGS In order that the invention may be fully understood and
readily put into practical effect there shall now be described by way of non-limitative example only
exemplary embodiments, the description being with reference to the accompanying illustrative
drawings. In the drawings: FIG. 1 is an architecture diagram illustrating an apparatus for monitoring
data of at least one refrigerated container; 10FIG. 2 is & flowchart of a method of monitoring data of at
least one refrigerated container DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS As
shown in FIGSBREAJDE HerePisIprsviteddh Bga¥aliyé 20 and a method 90 for 15 receiving and
processing data from at least one refrigerated container 12 for subsequent transmission to a
monitoring centreotderAedis i FIGion indicked Pbssisierdiretton seofl dataufiovo PacHw@fridethted

container 12 is cooled by a refrigeration system 122. The refrigeration
there shall now be described by way of non-limitative example only exemplary

embodiments, the description being with reference to the accompanying illustrative

5 drawings.

In the drawings:
FIG. 1 is an architecture diagram illustrating an apparatus for monitoring data of at least
one refrigerated container;
10 FIG. 2 is a flowchart of a method of monitoring data of at least one refrigerated

container

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
As shown in FIGS. 1 and 2, there is provided an apparatus 10 and a method 90 for

15 receiving and processing data from at least one refrigerated container 12 for subsequent
transmission to a monitoring centre 14. Arrows in FIG. 1 indicate possible directions of

data flow.

Each refrigerated container 12 is cooled by a refrigeration system 122. The refrigeration
20  system 122 is made by any one of a number of refrigeration system manufacturers M; to
M,). Each manufacturer M, to M,, provides a proprietary data protocol module Py to P,

for processing data from a refrigeration system 122 of its own manufacture.



20 system 122 is made by any one of a number of refrigeration system manufacturers M, to MO. Each
manufacturer M, to M,, provides a proprietary data protocol module P1 to PH for processing data from
a refrigeration system 122 of its own manufacture. 8 The refrigeration system 122 includes sensors
that monitor the atmospheric conditions of the interior of the refrigerated container 12 for information
such as temperature and humidity. A data recorder in the refrigerated container 12 stores data
comprising information from the sensors as well as other information of the refrigeration system 122,
such as cooling rates asttvapysiter F3A ushglss Bashnetfiyenatethcintainespieals odndgians
interrogation port 124 located on its exterior. The interrogation port 124 comes with the refrigeration
system 122 andifitheyipicaity af sheizticmentianiceniomport. Datalaomtprefvigeratethpontiaindnthay thus
be downloaded via its interrogation port 124 to an external device for processing. 10 The apparatus 10
preferably comiptisekta dofsputeerddr havheg diteewivedrcooB e idcsivieiddttathamthe refrigerated
containers 12, 901 and a processor 108 for processing the received data 905. Preferably, the
apparatus 10 infodes ianditiplareenorsHanred am ot eioamatprof fog relEtoiAdoaais§8wnloaded
from a plurality of 15refrigerated containers 12 and for sending interrogation signals from the
apparatus 10 td3Resvehifetedin conesineds 1apTsicianiviase rbeoh 1sipeaatapigomaaeia) 2 also
communication with the plurality of refrigerated containers 12. Serial communication cables 18 may be
provided, eachhgédaliisiingatiaton tablewitdpestinasttaarto An INRFRIGHRBIP POt 2PN to the
multiplexer 102. Similarly, an output channel 103 of 20 the multiplexer 102 is preferably in serial
communicatioriifitihhecfeeeivbpn o6 tatel feceidep 106cbyATe i seprantaHnsinideibPRiput port, a
USB port, or any other port suitably adapted for receiving serial input. 9 Al natively, there may be
provided a wirdless aarigsraed sep s aintdheRRioeVpdreslad rito iy irdrsesrtinmronitidate or
interrogation signals between the refrigerated containers 12 and the receiver 106. Medium Access
Control (MAC) Bretdetrisisrise b 0sedBg: the receiver 106 to receive such wireless transmissions.
Communication between the refrigerated containers 12 and the multiplexor 102, or between the
multiplexép 102 and the receiver 106, may also be performed wirelessly. Preferably, the processor 108

is configured to automatically periodically interrogate _ .
The apparatus 10 preferably comprises a computer 104 having a receiver 106 for

receiving data from the refrigerated containers 12, 901 and a processor 108 for
processing the received data 905. Preferably, the apparatus 10 includes a multiplexer
102 having an input channel 101 for receiving data downloaded from a plurality of

15 refrigerated containers 12 and for sending interrogation signals from the apparatus 10 to
the refrigerated containers 12. The multiplexer 102 is preferably in serial
communication with the plurality of refrigerated containers 12. Serial communication
cables 18 may be provided, each serial communication cable being connected to an
interrogation port 124 and to the multiplexer 102. Similarly, an output channel 103 of

20 the multiplexer 102 is preferably in serial communication with the receiver 106. The
receiver 106 may be a serial communication input port, a USB port, or any other port

suitably adapted for receiving serial input.




each of the plurality ofcrated containers 12, 900 by sending an interrogation 10signal through the
receiver 106 to the interrogation port 124 of each refrigerated container 12. In this way, data from the
refrigerated containers 12 may be regularly obtained. The period of interrogation may be as frequent
as a matter of seconds, or may be several minutes, depending on the number of refrigerated
containers 12 in electronic communication with the apparatus 10. Under exception handling, a specific
request can 15be made to poll a particular container 12 for information, Monitoring of the refrigerated
containers 12 méyralso bg.cbaduotedbbased dnl predetessrinan datedticheo§ ttingsronbica
predetermined number of interrogations for each trip of a refrigerated container 12. Monitoring may
alternatively bepagtivateth byizlasdy throsigh dataonitoking seimeitdalicbatvhec tequéstsfoednformation.
Activation may be made with a mouse click, by 20pressing a button, by keying in a specific request for
information, or emjadtkksr 12 riatecaivtivaion ¥adhan Kbeepr 6sessdr(VO8@midoe hiemory
associated with the processor 108 preferably has a 10 Pi to P" is the proprietary data protocol module
provided by therelarabfactsedhbviilte Wcciokn refrigeration systenirédissoreimessiensd is compatible for
processing only data obtained from a refrigeration system of each manufacturer .N41 to M. The
processor 108 {soprafarssoadidfigaradie Winematicalip teterminandhieh ronkipetee Hidrality of data
protocol modules P1 to Pr, is compatible for processing data downloaded from a particular refrigerated
container 12. Fretfseabliicanubienlsroprictannd sha isesivedl Ao il slspdvidedioymstl thsalsasitifacturers of
refrigeration systems for containers are installed in the processor 108. In this way, the processor 108
can process data received from any make of refrigerated container that is in electronic communication

with the 10apparatus 10.
Preferably, the processor 108 is configured to automatically periodically interrogate

each of the plurality of refrigerated containers 12, 900 by sending an interrogation

10 signal through the receiver 106 to the interrogation port 124 of each refrigerated
container 12. In this way, data from the refrigerated containers 12 may be regularly
obtained. The period of interrogation may be as frequent as a matter of seconds, or may
be several minutes, depending on the number of refrigerated containers 12 in electronic
communication with the apparatus 10. Under exception handling, a specific request can

15 be made to poll a particular container 12 for information. Monitoring of the refrigerated
containers 12 may also be conducted based on predetermined date/time settings, or by a
predetermined number of interrogations for each trip of a refrigerated container 12.
Monitoring may alternatively be activated by a user through a monitoring centre 14 via
ad hoc requests for information. Activation may be made with a mouse click, by

20 pressing a button, by keying in a specific request for information, or any other

appropriate activation format.

The processor 108 and/or a memory associated with the processor 108 preferably has a

plurality of data protocol modules P; to P, installed therein. Each data protocol module



When data from a particular refrigerated container (for example container 12-2 having a refrigeration
system made by a manufacturer NI, ) is received for a first time in a first interrogation by the processor
108, 901, in order to determine which one of the plurality 150f proprietary data protocol modules PI to
P" is compatible for processing that data 903, a processor 108 in the processor 108 may poll the
plurality of data protocol modules P1 to P" for a matchl With the data received from the refrigerated
container 12-2. Preferably, the poll is conducted sequentially. For example, upon finding that
proprietary dat& profacekimpdopei &tz dab cootpat oo dvth phe dathiyche themehigeratdtl coMainer
12-2, 20the processor moves on to poll proprietary data protocol module P2. Upon finding a match, a
record of the reffigeshigdradrmaiyend® eprdaisecoandasioerdatsbpr 6o codeasrdugeoPlyidasreferably
maintained in a register 109, 904. Data from the refrigerated container 12-2 is then automatically
processed by itdompdtivieadsial protocosmbuule Phoosnufenratidélyo ddia fhemitvesefrifetated
container 12-2 maybe processed prior 11 to or concurrently with maintaining a record of the
refrigerated cofitafiséribly apafigtshipatibiedaal yréesustinrodbiebrinpefithg pibtabtplorditg of data
protocol modules P1 to P, for a match with a particular container 12 may be performed in parallel
instead of sequentesly nMdinesiRing Birigistapatdesise cignsesinbidrtoAevarleadgsidralitg of data protocol
modules P1 to P" is compatible with which refrigerated container 12 is made possible by each
refrigerated contaiisettiacingaaequativestifitalisteedde. athikcamows cheyréftigpieieacontainer to be
identified and "remembered" by the processor 108 together 10with its compatible data protocol
module. In thistlplegFeioxidest btk Byanenvdrcaurersigé rafe decatiaineransdind Wetestion Bt its
compatible data protocol module by the processor 108, for subsequent interrogations of that
refrigerated coftéiritadiin thy neetdpigiuplthdn dijisvesyl 09 poscHber pHSceBspiotos dat iisrpiaedately call
up its compatible protocol module to process the data 905. In this way, the processor 108 may 15skip

the step of pollfftibuBiaiheieraseysidenaiprtodst de aledoni¢rmayaigation with the
10 apparatus 10.

When data from a particular refrigerated container (for example container 12-, having a
refrigeration system made by a manufacturer M, ) is received for a first time in a first
interrogation by the processor 108, 901, in order to determine which one of the plurality
15 of proprietary data protocol modules P to P, is compatible for processing that data 903,
a processor 108 in the processor 108 may poll the plurality of data protocol modules Py
to P, for a match with the data received from the refrigerated container 12-,. Preferably,
the poll is conducted sequentially. For example, upon finding that proprietary data
protocol module P; is not compatible with the data from the refrigerated container 12-,,
20 the processor moves on to poll proprietary data protocol module P,. Upon finding a
match, a record of the refrigerated container 12-; and its compatible data protocol
module P, is preferably maintained in a register 109, 904. Data from the refrigerated
container 12-; is then automatically processed by its compatible data protocol module

P,, 905. Alternatively, data from the refrigerated container 12-, may be processed prior



For every interrogation of a refrigerated container 12, therefore, the processor 108 preferably first
checks if that particular refrigerated container 12 has been previously interrogated 902, so that polling
of the plurality of data protocol modules is performed only for refrigerated containers that have not
previously been interrogated. 20 After the data from a refrigerated container 12 has been processed
by the processor 108, the processed data is automatiddlly transmitted to a monitoring centre 14, 907
via a transmitter 107 on the apparatus 10. The processor 108 preferably comprises application
modules lin- presenting the:itgceskechdatdningd ayoutl appitopridte fortctisplagiacthie -1 2ndhdsitoring
centre 14. 'The application modules may be integral with the proprietary data. protocol modules Pi to
P. The processamif8imaydtagnataiv fonal pieBet e liog @0Beysfordiintel fogrprigcanbtheduwestiie same
refrigerated container 12. Preferably, the transmitter 107 also channels interrogation requests from the
monitoring centerPl4aoaStiectefrigieratedi containets 2 | Trans essiolosthedieparaliel appesdtls 10 and
the monitoring centre 14 may be via cable connection between the transmitter 107 and the monitoring
centre 14, or theegraemsialitter 107 may be a wireless device for wireless transmissions between the
apparatus 10 and the monitoring centre 14. 10At the monitoring centre 14, if the processed data
transmittec from the processor 108

Maintaining a register 109 specifying which one of the plurality of data protocol
modules P; to P, is compatible with which refrigerated container 12 is made possible by
each refrigerated container having a unique identification code. This allows the
refrigerated container to be identified and “remembered” by the processor 108 together

10 with its compatible data protocol module. In this way, after a first interrogation of a
refrigerated container 12 and detection of its compatible data protocol module by the
processor 108, for subsequent interrogations of that refrigerated container 12, by
looking up the register 109, 906, the processor 108 can immediately call up its
compatible protocol module to process the data 905. In this way, the processor 108 may

15  skip the step of polling through the plurality of data protocol modules P; to P, again.
For every interrogation of a refrigerated container 12, therefore, the processor 108
preferably first checks if that particular refrigerated container 12 has been previously
interrogated 902, so that polling of the plurality of data protocol modules is performed
only for refrigerated containers that have not previously been interrogated.

20
After the data from a refrigerated container 12 has been processed by the processor 108,
the processed data is automatically transmitted to a monitoring centre 14, 907 via a
transmitter 107 on the apparatus 10. The processor 108 preferably comprises application

modules for presenting the processed data in a layout appropriate for display at the



indicates that any of the operational parameters of a refrigerated container 12 has deviated from an
acceptable value, an alarm may be triggered. Various threshold values may be preset for each
refrigerated container, preferably at the monitorin.g centre 14, so that processed data received by the
monitoring centre 14 may be checked against these 15threshold values to determine if an alarm
should be triggered. Processed data received by the mdnitoring centre 14 may be displayed on a user
interface at a terminal at the monitoring centre 14. The monitoring centre 14 may be in a control room
on a ship, at pongrotositngristiier 0ldbatipplitaphur atiod dEsnomitbeing ceatresil thenaybeprovaed if
desired. Processed data sent to the monitoring centre 14 may further be made accessible via Internet
16. In this way parigealithofised Peisdn dihpersopsma)Simplyhaseraryoompeter (£9ihd 0ty an Internet
connection to go online to track that goods being shipped in a refrigerated container 12 that is being
monitored by tihefapspatarszatnanariwthooionsarecvairgeinied coBtentbin 2ddesitadity cdaditions. 'lle
invention may also be configured to track the location of a particular container 12 using its unique
identification cé@esOiHiphd Yratikinghanesls apermstanpadantstbiena e Ivoationed ecrétridériated

container 12 may be provided by shipping lines and/or port operators a. premium setrvice to their
customersd  the refrigerated containers 12. Transmissions between the apparatus 10 and the

monitoring centre 14 may be via cable connection between the transmitter 107 and the
monitoring centre 14, or the transmitter 107 may be a wireless device for wireless

transmissions between the apparatus 10 and the monitoring centre 14.

10 At the monitoring centre 14, if the processed data transmitted from the processor 108
indicates that any of the operational parameters of a refrigerated container 12 has
deviated from an acceptable value, an alarm may be triggered. Various threshold values
may be preset for each refrigerated container, preferably at the monitoring centre 14, so
that processed data received by the monitoring centre 14 may be checked against these

15 threshold values to determine if an alarm should be triggered. Processed data received
by the monitoring centre 14 may be displayed on a user interface at a terminal at the

monitoring centre 14.

The monitoring centre 14 may be in a control room on a ship, at port, or at another

20 location. A plurality of monitoring centres 14 may be provided if desired. Processed
data sent to the monitoring centre 14 may further be made accessible via Internet 16. In
this way, any authorised person or persons may simply use any computer 19 having an
Internet connection to go online to track that goods being shipped in a refrigerated

container 12 that is being monitored by the apparatus 10 and method 90 are maintained



5Alternatively, the monitoring centre 14 may be connected to an intranet or other appropriate networks
as user requirements may determine. Being of a portable size, the apparatus 10 may be readily
provided at various points of container handling. These include locations of cargo loading and
unloading, on trucks 10or trailers; on ships, and at ports. By providing a portable apparatus 10 that can
obtain information generically from all makes of refrigérated containers 12 using existing hardware
provided on the refrigerated containers, true end-to-end cold chain monitoring of refrigerated
containers 12 mafiibaechiebte witkditiorsqling valicnevives 1o brcattiadred thdrpskitherendioontainers
or expensive infrastructural installations to be made to 15ships or ports. In future, a standardized
protocol modulefihagt beukisleows Pret S diagifromi aieritsrE s oftietrigdeated! tritaiers. dhthefurther
exemplary embodiment of the invention for monitoring operational parameters of refrigerated

containers, thedieaiigsel DEapBiBCEss Hcadgrd tiefhigiried comairsprdfasathy peskagbysuch that
the apparatus 10 is compact enough to plug directly into the interrogation port 124 of a refrigerated
container 12 vigtABIRECEITEANYB! DAt RYIH e tSREEPHBHSEBrESiHRFER SHE8B® Fom the
interrogation port directly to the receiver 106 and is automatically processed by the processor 108
using the standbl@rzatvstotdeonapBaethetalied fiRs biseaseded bBamntmtss<ibetata is then
automatically transmitted by the transmitter 107 to the monitoring centre 14. Preferably, the transmitter
107 is wirelessH#SeBHMHGoNHAIES SRS HRTBUISAS o MAhE4pipdRstus 10 located at the interrogation
port of the refrigerated container 12 to the monitoring centre 14. Whilst there has been described in the
foregoing description exemplary embodiments of the present invention, it will be understood by those

skilled in the technology concerned that many variations in details of design, construction and/or
operation may Beipgsge portable size, the apparatus 10 may be readily provided at various points of

container handling. These include locations of cargo loading and unloading, on trucks

10 ortrailers, on ships, and at ports. By providing a portable apparatus 10 that can obtain
information generically from all makes of refrigerated containers 12 using existing
hardware provided on the refrigerated containers, true end-to-end cold chain monitoring
of refrigerated containers 12 may be achieve without requiring new devices to be added
to the refrigerated containers or expensive infrastructural installations to be made to

15 ships or ports.

In future, a standardized protocol module may be able to process data from all makes of
refrigerated containers. In a further exemplary embodiment of the invention for
monitoring operational parameters of refrigerated containers, the receiver 106,

20  processor 108 and transmitter 107 are preferably packaged such that the apparatus 10 is
compact enough to plug directly into the interrogation port 124 of a refrigerated
container 12 via the receiver 106. Data from the refrigerated container 12 passes from
the interrogation port directly to the receiver 106 and is automatically processed by the

processor 108 using the standardized protocol module installed in the processor 108.




without departing frotn the present invention. For example, wireless transmissions 10between a
refrigerated container, the apparatus and the monitoring centre may be via WiFi, WIMAX, or satellite
transmissions. Connection of the monitoring centre with the Internet may be wired or wireless. The
apparatus may be placed near refrigerated containers being monitored, by cabling together the
refrigerated containers and the apparatus on a ship's theck or at a port yard. Alternatively, using
wireless transmissions, 15the apparatus may be located in a control room of the ship or port. In future
where a standdhsieadedrdaoctl todulematycpliydessdatadioniteal trmakestef Fefrigateted containers, the
apparatus 10 may be placed at the interrogation port of each refrigerated container. MC L.LP 15
CLAIMS I. An apparatug fenfrohtoPiedeopeyaticrabparatmetéisi pfatdeastarreneimigenattdcontainer,
the at least one refrigerated container having an interrogation port, the apparatus comprising: a
receiver configrredniosseresive datze fronatiiesréfrigerttd di cbniaineo gidi thepinterf dgatidngsorted  a
processor configured to process the data received from the at least one refrigerated container; and
container 12 to the monitoring centre 14.

Whilst there has been described in the foregoing description exemplary embodiments of
the present invention, it will be understood by those skilled in the technology concerned
that many variations in details of design, construction and/or operation may be made
without departing from the present invention. For example, wireless transmissions

10 between a refrigerated container, the apparatus and the monitoring centre may be via
WiFi, WIMAX, or satellite transmissions. Connection of the monitoring centre with the
Internet may be wired or wireless. The apparatus may be placed near refrigerated
containers being monitored, by cabling together the refrigerated containers and the
apparatus on a ship’s deck or at a port yard. Alternatively, using wireless transmissions,

15  the apparatus may be located in a control room of the ship or port. In future where a
standardized protocol module may process data from all makes of refrigerated
containers, the apparatus 10 may be placed at the interrogation port of each refrigerated

container.




a transmitter for automatically transmitting processed data to a monitoring 10centre, and further
comprising a plurality of data protocol modules therein, one of the plurality of data protocolymadyles
being compatible for processing the data received from the at least one refrigerated container, the
processor being configured to automatically determine the compatible one of the plurality of data
protocol modules. 15 2. The apparatus of claim 1, whétein each of the plurality of data protocol
modules is a proprietary data protocol module ol a refrigeration system manufacturer, each proprietary
data protocol nidatiléeing able to process only data from a data recorder of a refrigerated container
installed with a refrigeration system from that 70manufacturer. 3. The apparatus of claim 1 or claim 2,
wherein the prdcedsbanpasehfidoredcolvranstaiisratienibrarspetifyinbaisish orerofitbergshdrality of data
protocol modules is MCSL LP 16 compatible for processing data. received from a particular one of a
plurality of refrigriraiadrctistaiiedst one Téfel gppiacaeastahgniaoneehthdepregetingetaithe, further
comprising a wireless Sadaptor for connection to the interrogation port for wireless transmission of
data apparatus comprising:
5 a receiver configured to receive data from the refrigerated container via the
interrogation port;
a processor configured to process the data received from the at least one
refrigerated container; and
a transmitter for automatically transmitting processed data to a monitoring
10 centre, and further comprising a plurality of data protocol modules therein, one of
the plurality of data protocol modules being compatible for processing the data
received from the at least one refrigerated container, the processor being configured
to automatically determine the compatible one of the plurality of data protocol
modules.
15
2. The apparatus of claim 1, wherein each of the plurality of data protocol modules is a
proprietary data protocol module of a refrigeration system manufacturer, each
proprietary data protocol module being able to process only data from a data

recorder of a refrigerated container installed with a refrigeration system from that

20 manufacturer.

3. The apparatus of claim 1 or claim 2, wherein the processor is configured to maintain

a register specifying which one of the plurality of data protocol modules is



from the refrigerated container. 5. The apparatus of any one of the preceding claims, further
comprising a multiplexer for receiving data from a plurality of refrigerated containers and for; gy 1 p
transmitting the 10data from each of the plurality of refrigerated containers to the processor. 6. The
apparatus of claim 5 when dependent on claim 4, wherein the multiplexer comprises a wireless input
channel for receiving wireless transmissions from the ¥ireless adaptor. IS 7. The apparatus of claim 5
or claim 6, wherein the multiplexer comprises a wireless output channel for wireless transmission of
data from each of taepiiitit{osprasaseratdateeniivis & eonthdaeieiias omos, Tpuahpagatus of any one
of the preceding claims, wherein the receiver is a wireless receiver for receiving wireless transmissions
of data. MCS L L’r‘afirgﬁg‘?tFﬁé%{ﬁwﬁéi@us of any one of the preceding claims, wherein the transmitter is
a wireless transmitter for wireless transmission of processed operational data to the monitoring centre.
510. The apparatus of any one of the preceding claims, wherein the monitoring centre is configured to

be accessible via Internet. _ ) o _
4. The apparatus of any one of the preceding claims, further comprising a wireless

5 adaptor for connection to the interrogation port for wireless transmission of data

from the refrigerated container.

5. The apparatus of any one of the preceding claims, further comprising a multiplexer
for receiving data from a plurality of refrigerated containers and for transmitting the

10 data from each of the plurality of refrigerated containers to the processor.

6. The apparatus of claim 5 when dependent on claim 4, wherein the multiplexer
comprises a wireless input channel for receiving wireless transmissions from the
wireless adaptor.

15

7. The apparatus of claim 5 or claim 6, wherein the multiplexer comprises a wireless

output channel for wireless transmission of data from each of the plurality of

refrigerated containers to the receiver.

20 8. The apparatus of any one of the preceding claims, wherein the receiver is a wireless

receiver for receiving wireless transmissions of data.



11 A method of monitoring operational pc rameters of at least one refrigerated container, the
refrigerated container having a data recorder and an interrogation port, the 10method com@)ﬂsqg p
receiving data from the data recorder of the at least one refrigerated container via the interrogation
port; automatically determining which one of a plurality of data protocol modules is compatible for
processing the data ; 15processing the data; and autdmatically transmitting processed data to a
monitoring centre. 12. The method of claim 11, wherein the determining includes polling the plurality
of data protocd!- mbbeRRPisH BSREIEN BaesdaiedrieceditechiupalitylsteiatdpfEtoesitnicdules and the
received data. 13. The method of claim 11 or claim 12, further comprising maintaining a register
specifying which oVEd¢thEapeipaltey &rdatﬁlﬁﬁéﬂéwrmw@ Heswisdimersspldaa todbes

processing data received from a particular one of a plurality of refrigerated containers.
monitoring centre.

5 10. The apparatus of any one of the preceding claims, wherein the monitoring centre is

configured to be accessible via Internet.

11. A method of monitoring operational parameters of at least one refrigerated container,
the refrigerated container having a data recorder and an interrogation port, the
10 method comprising:
receiving data from the data recorder of the at least one refrigerated container
via the interrogation port;
automatically determining which one of a plurality of data protocol modules is
compatible for processing the data ;
15 processing the data; and

automatically transmitting processed data to a monitoring centre.

12. The method of claim 11, wherein the determining includes polling the plurality of
data protocol modules for a match between one of the plurality of data protocol

20 modules and the received data.

13. The method of claim 11 or claim 12, further comprising maintaining a register

specifying which one of the plurality of data protocol modules is compatible for



14. The method of any one of claims 11 to 13, wherein the receiving includes receiving 5data from a
plurality of refrigerated containers using a multiplexer and communicating the data from themyltiplexer
to the processor. 15. The method of claim 14, wherein the communicating is performed wirelessly.
1016. The method of any one of claims 11 to 15 ‘herein the receiving is performed wirelessly. 17. The
method of any one of claims 11 to 16, wherein the trah$mitting is performed wirelessly. IS. The method
of any one of the preceding claims, further comprising accessing the monitoring centre via Internet for
online monitoring Bfaasreided predesddpdetaparticular one of a plurality of refrigerated

containers.

14. The method of any one of claims 11 to 13, wherein the receiving includes receiving
5 data from a plurality of refrigerated containers using a multiplexer and

communicating the data from the multiplexer to the processor.

15. The method of claim 14, wherein the communicating is performed wirelessly.

10 16. The method of any one of claims 11 to 15, wherein the receiving is performed

wirelessly.

17. The method of any one of claims 11 to 16, wherein the transmitting is performed
wirelessly.
15
18. The method of any one of the preceding claims, further comprising accessing the

monitoring centre via Internet for online monitoring of transmitted processed data.

20




