AN APPARATUS AND METHOD FOR MONI TORI NG REFRI GERATED CONTAI NERS TECHNI CAL
FI ELD This invention relates generally to an apparatus and nethod for

moni t or i ngorefwdogmsat ed cont ai ners and rel ates nore par cesicasdspooinough
not exclusively, to an apparatus and nmethod for nonitoring operational
paranmeters of refrigerated shipping containers. BACKGROUND A refrigerated
container typically conprises a relatively standard frei ght contai ner
fitted with a refrigeration systemto kelep cool the contents of the
refrigerated container. For a refrigerated shipping container, power to
operate the reAN ABPARAGUS ANIEMEENODE @R MONITORING REFRIGERASTER Uppl v
when the refrigerated container is in port, or froma ship's main power
supply when the refrigerated contaieNTAINBRS he ship. Refrigerated
containers are used to transport goods that need to be kept within a
particul ar range of operational paraneters such as tenperature and

hum dity. These may be food or non-food itens. The goods nay be further
categori ze chilled itenms. Chilled itens are often perishabl e
iterrg. For%m{@%fﬁﬁPed fruits and vegetabl es continue to respire while
they are transported in refrigerated containers fromport to part and
chex‘i ca rgg’ést‘i?lﬁ?@loﬁé?a@é BERGE ch@nta@p@ramsggé mgthad fer mepitorngreligerated ul t i ng
in a continuous |iberation of heat and gases. To prevent spoil age, the
refri ger at icontawestandhrelates mone partieulestpgheugharot exelusively,do awapparatubend away
fromthe

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 more quickly than it is generated.



cargo space nore quickly than it is generated. Considering that the cargo
could be itens of high value, such as blue-fin tuna or pharmaceuti cal
product s,wot2oioe08333t he i nterest of the shipper, the freipghmscagsnbozet he
shipping line and al so the port operator that such cargo is safely
transported and arrives in good condition at the destination points. To
this end, it is necessary to nonitor the operational paraneters of
refrigerated containers to ensure that tZhe contents are maintained within
an acceptabl e range of those operational paraneters. Wth nonitoring,

acti on nmay (masidakegthatthe cargecbuldrbe iensrofhighsvaleatudheas biid-f1 turiale condi ti on
of the contents. This is especially inportant for chilled cargo as they are

hi ghl'y t enmpandidéesti @Ep@idhéty,at isah thelitRreACSRRAE ShpfFer! BRTRAEH: dpént/ BBYE 1S
normal ly very narrow, e.g., 0.5 0C. Cargo damage may occur wth snall

| ncr eases Qﬁiﬁgﬁ%rlﬁé%ﬁa alsB thEFREEH b EbY éﬁ%ga:%g% £ﬁ?§i§%ﬁ'§§#ﬁg§%ﬁ& %?/Rrgé ature.

Currently, t perational parameters nay nua

techni ci an. ' riodi,c rounds on. hip or.af.a port to visually
napect it B SBandnb: deSBPe Bk, TP 8 sheBRbty i mennihe
containers may be fitted wig%h a di%EI ay .panel from which the technician can
read and t QREFaHORA PRIdmefeLy, of refrigeratetbeqriiainers foensirahatdhe cntents atet er nat i vel v,
the technician may carry a portable device to downl oad data via an

i nt er r ogat impintpined within ardacceptable range of thoge pperatipnabparaingters. Witlemonitoring,
interrogation port is provided with the refrigeration system It is
nor mal | y aastion mhy petaker trneverceshytanomatied that mapafieot theldvadiimhaftiecor der
records the data tracked by the refrigeration system Tracking of
at mospher i gofemd] Thi® RespetidllydmpbARREOALHNG &igh ME bicthifRY tdfperature
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 |ocated at various |ocations wthin the container box.
Besi des tenperature and humdity, the data may conprise other information
such as owol2origposases and evaporator fan usage, and so fPorisic2éismsest |y,
there are a handful of manufacturers of refrigeration systens for
refrigerated containers. Each manufacturer provides a proprietary data

prot ocol nodul e conpati ble for processing only data obtained froma
refrigeration systemof its own manufactlure. Various makes of refrigerated
containers having refrigeration systens nade by the different manufacturers
ar e handl e®Presegty,ltbere are shind$ul af chaat fapturdrs phrefisgerafamssysams tforyrefriferaed

obt ai ned by the technician froma nunber of refrigerated containers of

di fferent rpntfRed Bach MamEfattardd Providbis aHrestidtay datapreos HhoR Efkpatible
processing by their respective conpatible data protocol nodule. At port,

the techni g od ¥18?%P{§b(ia?? bR afndl Fonfa }eﬁ@%é?ﬂidnr%/%t@gll §9ts Wi m @hicP! e data

pr ot ocol nod nual on-site processi ng ata fromeach I nspected

refrigerat cont ai ner board shi i.ven t.hat.there ma treme
1 by o andriga i snither SRl tahaapre e adtridn Ry mak oy i
pitching, extreme cold and rajn on deck. Therefore, carrying a laptop to
i nspect %t i éﬁéfer%t W@Wf?‘ﬁg@é?taéﬂh%@;ﬂﬁdatp&@h%f qnss%mﬁtanfi@%mrmrd& S¢RCARY-ci an
may i nstead carry a hand-hel d device that connects to the interrogation
port to onldatagibiainesihy thadeohnisian fiem a. nuiifber pnethigendtet chavdiness pEdiftztant
connected to a conputer to upload the data for data processing. Gven the
smal | si ze mdnufdeairb it thdledndieated tor satdeyueahcarréat procassirig byt thelir pespbetiveof
contai ners may be obtained and stored at the one time, requiring the

t echni ci an omphie da@\pestBtol motills to conplete a single

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.



i nspection of all the refrigerated containers. Consequently, hand-held

devi ces are nore commonly used for maintenance rather than actual

noni t or i goabioidessaeper at i onal paraneters of refrigerat e®#CT/SG2008/000261
containers.Currently, in a best case scenario, a typical cycle tinme of each
manual inspection round is about four hours. Under bad conditions at sea,

at tines, it nmay be altogether too hazardous for a technician to venture
out, so the refrigerated containers nmay 4o for |ong periods without
monitoring. It will be appreciated that visual inspection of refrigerated
cont ai ner s (Aurepdy+ingrbesircabosnenarithiapynieal clyele dimeaofthachimaamal ilspeetichrosngr ocess
for the technician. In an alternative to obtaining data via the

i nt er r ogat iivabauo faur haursetndag dad tendlit@itaakag bt timys, Xemiy bé febgeitehtoene or nore
addi ti onal sensor probes to directly nonitor conditions of the interior of
the contai hasardfe fof ReRhitiah 1 OértieioRt) shilid e gk ABPLATaih s %aé'gggy_ g
recorder of the refrigeration system "However, inserting an |t|on§I
probe or p j : . i fi j refri.gerat ed. container
a1 s 1t Paay A EfmibHh ERTREL Rl o b o B RN
overcong the di sadyantages.attendant with visual inspection or _installing
addi ti onal “BPEWEE “‘\{%’8‘*.(_‘)’%J 51 bftard Sipdnay b 4n ﬁ‘ff‘k}@lsr?ﬁﬂi%fffﬁw& Rypeess &idhe er
nonitoring cycle tine of, for exanple, seconds or mnutes, power |ine
transnissi&ﬁ¥§V§Pens have been proposed wherein data is transmitted via a
standard t hree-phase power cable that al so powers the refrigeration system
of the refrigerated containers. By using the power cable, data transm ssion
can take place in both directions, fromor to the refrigerated contai ner.

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 of'the 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 tﬁe 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



Power line transm ssions require a power |ine nodem (slave nodem to be
installed on every refrigerated container and at | east one nmaster nobdem

i nst al | edwonrohwmmszizshi p and at port. The refrigerated ceoracners/oséets on
board ship or at port nust also be providedw th special sockets that are
typically integrated with the refrigerated container power outlets for
connecting with a signal cable for data transm ssion. The costs of fitting
refrigerated containers with power |ine35nodens and installing ships and
ports with the power line transm ssion systens are prohibitively high.
Consequent Iwith spesitl shkgpilngateitpsisalheintegrandd wilb fHeadfrizepaedcontding power
transm ssion system preferring to still rely on technicians to visually

i nspect  andufét &rtodddcling AR 4 ffkid] 98818t WafORidRIoh. Phe BOX Sk Rihp or at a
port yard. SUMVARY In general ternms, it is proposed that operational

bar amet er s r{R et AHAIRI &ith bywePif HEEknlY A ibEhhOShRL B SR DS

W t hout requi i ng no cations to existing refrige ners and
wi thout requiring a technician to go .a ntai ner to visually. read or
downl oad d f’g?r%tganrsrws o%)’?tﬁgls&reg%rgE‘I{Bbﬁvie@gtflg@eél%ﬁ‘i‘{eBﬁ?"rfB"%ﬁE‘PB’rﬂgt hat can
be readily _ inplenented for all nakes of refrigerated containers with little
capi t al 2 i n¥B88t havamohppiedsa paweing fransrpiston fsterp-Repigrring t@-stiH aely ofoni t or i ng
may be achieved as a result of easy portability of the invention between
truck, tr ait¢chniciapstq vigeally inspecisandmbtain data foar weftigeratad comaines andweid/e dat a
fromthe refrigerated container via an interrogation port on the
refriger at ehipeoat &psreyardThe apparatus includes a receiver for receiving
data fromrefrigerated containers and a processor for processing the data.

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 g0 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.



Preferably, the processor has a plurality of data protocol nodul es
installed therein and automatically determ nes which of the plurality of
dat a prot\gOap10/M98348es i s conpati bl e for processi ng dat aPCTE6G2e08/0684261 ger at ed
container. Atransmtter automatically sends processed data to a nonitoring
centre. A record of an interrogated refrigerated container and its

conpati bl e data protocol nodule is preferably maintained in a register such
that upon the processor receiving data f@oma previously interrogated
refrigerated container, its conpatible data protocol nodule nay be

det er mi ned A regsmd df@nrintgiregated reffn gerated bdntainehandapmngatibleidstagprotocoled with a
mul tiplexer to receive data froma plurality of refrigerated contai ners and

to transm tmdddeispesterdblyandiftaided i b eEESE0Such Bait apdr e prdeSIo FeclRlimgeen t he
refrigerated container, the apparatus and the nonitoring centre nay be

performed vig rahLor&liondy fitepdehiéd réiribbratld RRRGLRE, itstofpAPR LA HSEAN

noni toring operational pdaraneters of at |east one refrigerated container,

the at |ea e i having an interrogation port, the
Hodfeuh bt hehRhEl a6 R ARk

apparatus conpri'si a recerver con ured to receive data fromthe
refri geéat ed container via the interrogation port, a processor configured
to process the data received fromthe at | east one refrigerated container,
and a transmtter for automatically transmtting processed data to a
noni t or i ng Peefiarably, therpppiretus asprevided avith ampuliplexet tormsesivoddtafrompeplaralitnal
paranmeters of at |east one refrigerated container, the refrigerated
cont ai ner lfivifrigerated zbatamersaand éo tramumiareceived datagatheqmogassor, t he net hod
conprising receiving data fromthe data recorder of the at

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.



| east one refrigerated container via the interrogation port, processing the
data, and automatically transmtting processed data to a nonitoring

cent re. BRVERODDESERBPTI ON OF THE DRAW NGS I n order that PE#/SGAWSAPI2Z6h nay be
My understood and readily put into practical effect there shall now be
descri bed by way of non-limtative exanple only exenplary enbodi nents, the
description being with reference to the acconpanying illustrative draw ngs.
In the drawings: FIG 1 is an architectUre diagramillustrating an

apparatus for nonitoring data of at |east one refrigerated container; FIG

2 is a floWHEFIDESCRIPHHONAF JHEDRAWINGY data of at |east one
refrigerated contai ner DETAI LED DESCRI PTI ON OF EXEMPLARY ENMBODI MENTS As

shown in Fl&Grded thantheZnvention enaiybe by utizesteod anaprasdilyusut Iitto prattidalregfebod 90
for receiving and processing data fromat |east one refrigerated container

12 for subgegssiill dowPhedeseibQIby RaPolMMUALALtARG éiﬁﬂl?)[e?orﬁﬂex d;slews in FIG 1
i ndi cate possible directions of data flow Each refrigerated container 12

i s cool ed i geratlan. . ri ' s 122 is
made. by angQdEats, B RberoRbEh e Wibrorerdil ) e d ASRB A USEERE 1%, (%)
. Each nuf acturer ML to Mh provides a proprietary data protocol nodule P1
to Pn fg‘rEl afaé”@ﬁgssi ng data froma refrigeration system 122 of its own

manuf acture. The refrigeration system 122 i ncludes sensors that nonitor the

at nospheric conditions

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 leasf 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 P, to P,

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



of the interior of the refrigerated container 12 for information such as
tenperature and humdity. A data recorder in the refrigerated container 12
stores dawve 20mmps3ssi ng i nformation fromthe sensors as welrlscassmbiéret
information of the refrigeration system 122, such as cooling rates and
evaporater fan usage. Each refrigerated container 12 al so has an
interrogation port 124 |located on its exterior. The interrogation port 124
comes wWith the refrigeration system1228&nd is typically a serial

comuni cation port. Data froma refrigerated container may thus be

downl oaded Theaefirigsration eysteny a2 oielydes senddr that nevnitex therafAdsplend eonditiuns
processi ng. The apparatus 10 preferably conprises a conputer 104 having a

recei ver 1Q@tHeahteHBESS the RerigathRd icbRtMideh €2 FatfiffoRBARIEGcE 9 etipefinie hdd 901
and a processor 108 for processing the received data 905. Preferably, the

appar at us I d L1 ] . J I | 101 for
recei vi ng égﬁéﬁgjoanﬁ%%gg}aé gﬁ#‘?ﬁ‘%‘%ﬁf&?? gx HSP% g??tlk)%glrdgttaegﬂlggg?gi ners 12
and for sending .nterrggation si |s fromthe.a at 10.to the

o 11 ger ar dbfoRTiH i 8SsnSEh &5 HER bF wheCBFO g0 BPR et Bl NG | o
comuni cation with the plurality of refrigerated containers 12. Seri al
communi eat il8# ughpeooligs satgs ad gyiaporates fan wsash Eaeh redrigarated gontaiaer bhalsapl e
bei ng connected to an interrogation port 124 and to the nultipl exer 102.
Si mi | arl y, hanharminterragatérapore 24 8ated on fits ertetivr. Jhe xgerrdga®ion popridf eombs y i n
serial comunication with the receiver 106. The receiver 106 may be a
serial conwuth thatdfdperhtigilidysiad 122 anddSB/piillly,a sefialagoyhmidi€tion Poit. Bhfiat abl y
adapted for receiving serial input.Aternatively, there nay be provided a
wirel ess adpl ffefAbersd ComthinkPfal B He@@RnldAled via its interrogation port 124 to

an external device for processing.

10
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.



ports 124 to wirelessly transmt data or interrogation signals between the
refrigerated containers 12 and the receiver 106. Medi um Access Control

(MAC) pr owoeolo/dossspr ef erably used by the receiver 106 tecrsceios@osdch

wi rel ess transm ssions. Conmuni cation between the refrigerated containers
12 and the nultiplexor 102, or between the nultiplexor 102 and the receiver
106, may al so be perfornmed wirelessly. Preferably, the processor 108 is
configured to automatically periodically interrogate each of the plurality
of refrigerated containers 12, 900 by sending an interrogation signal

t hr ough t heAlteroativeby, tHeEmhyp bt peovided erwiog edsiadaptpoatteat? 4f thik istarbgatohr i ger at ed
container 12. In this way, data fromthe refrigerated containers 12 may be

regul arly qietailngeh wirBRsIeirhRehiOdath bF BErRGASIOghBY bOIY eas tHe B RedS a

matter of seconds, or nmay be several m nutes, depending on the nunber of

refrigerat ecgnﬁ%}saii"ﬁgdrs]tg%?ecieﬂeﬂ(%%\ﬁéﬁ' iy ACQBIR NGl 'M%\g%go&ms appar at us

10. Under exception I'ng, a specific request ca e to poll a

particul ar container .12 for i.nfaorpation. Mnitoring of the refrigerated
ont ai ner s FI9CHRY SrABY i eatitttlba R8s "B KReker Pt Bat of {1 o
settings, or by a predeterm ned nunber of interrogations for each trip of a
refri ge? at &PTRBHRISHAL bepweenyBe refiggralgd ﬁ%&ﬁal&FltSérzr@git%WltB%exé’é 1P%0red by a
user through a nonitoring centre 14 via ad hoc requests for information.
Activation epéhermubiiphixioh 162 anslthe resieivek 1 06y ynayr alscsbeperforimed mareleskly. keyi ng
in a specific request for information, or any other appropriate activation
format. The processor 108 and/or a nenory associated with the processor 108
preferably has a

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



plurality of data protocol nodules P1 to Pn installed therein. Each data
prot ocol nodulePl to Pn is the proprietary data protocol nodul e provided by
t he manufwoturoeansi@ to Mh of a refrigeration system for pcosGaomeneeand i s
conpati ble for processing only data obtained froma refrigeration system of
each manufacturer ML to Mh. The processor 108 is preferably configured to
automatically determ ne which one of the plurality of data protocol nodul es
Pl to Pn is conpatible for processing dda downl oaded froma particul ar
refrigerated container 12. Preferably, all the proprietary data protocol
modul es pr @viaRgislthe proprit¢thry daeanprioaecblmmedse pfovidddrbyghe aiancfaciyat™M e Npr
containers are installed in the processor 108. hi this way, the processor

108 can pr @¢gs&frigahfon @;fseénvgﬂcBﬁ@meesrahd@&ﬁnpiﬁmeefo&gﬁfce@sﬁﬁgiorﬁ?ami ner that
is in electronic communication with the apparatus 10. When data froma

particul ar (befhgRAb ?&539%3&15 BRfert bP atcﬁmkgg@m?wﬁ T fr Q%X%Jﬁf%.sa

refri gerati on system ma manur act urer i's recé@ive or I'r st

time in a first interrogatjon th rQcessor . 108, 9Q1, in de 0

det er ni ne Mrgﬁr@ﬁ%cﬁf{)@ﬁ@ tSIaHF‘é‘i‘qt’tcgllgﬁié%ﬁFBB? whie r‘ﬂ?e(?gg}& pﬁ?‘@ﬁé’c‘lﬁda dul es
P1 to Pn is conpatible for_processing that data 903, a processor 108 in the
processor Prdosphnadyles Py g PpiscompatiBle & niegessipg detadewniagded Bemm to Pn for
a match with the data received fromthe refrigerated container 12-2.

Pr ef er abl y pattigelaprsftigérated soutainer 2. Paefarablyi, all the proprictanyaiam motogpon fi ndi ng
that proprietary data protocol nodule Pl is not conpatible with the data
fromthe rafdduteepedvededinnilbihe @fantiPrctirert b Erefii G RGOy sERI6EBr Eohtdiferpatd

proprietary data protocol nodule P2. Upon finding a match, a record of the
refrigerat gft4RARiRYrockdso? 188 dnithid wag PR bieSsof 20QcR! HbO&8 Wata received

from any make of refrigerated container that is in electronic communication 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 P,
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



nodule P2 is preferably maintained in a register 109, 904. Data fromthe
refrigerated container 12-2 is then automatically processed by its

conpat i blwodatomogsset ocol nodul e P2, 905. Alternatively, pdaisa26usmmzshe
refrigerated container 12-2nay be processed priorto or concurrently with
mai ntaining a record of the refrigerated container 12- and its conpatible
data protocol nodule P2. Polling of the ﬁl urality of data protocol nodul es
Pl to Pn for a match with a particular tbntainer 12 may be perforned in
paral |l el instead of sequentially. Maintaining a register 109 specifying
whi ch one &f ort doacyirentlyl withymaeintaising apeaird adlthemethigeestedPdorttainéinl 2-samioiegat i bl e
with which refrigerated container 12 is made possi ble by each refrigerated

cont ai ner  Bempatibl@datd pevieeol fRdtlelH,CPSIIAR of BEPlurdiiyof dblaPiStotdlenddiidsier at ed
container to be identified and "renenbered” by the processor 108 together

Cthit . . . . .

Fnterrogat Fort of 2 Bpalisgt cSaHLSr2 iy bE il R philleFiny kdbe

conpati bl e dater"i‘t(i)ﬁf ot ocol nodul e by the processor 108, for subsequent
S

i nt errogat P Yhat refri gerated container 12, by |ooking up the

regi ster 109, 906, the processor 108 can immediately call up its conpatible
pr ot oc nodul e to process the data 905. h this way, the processor 108 may
skip the step of polling through the pluralit { of data protocol nodules Pl
to Pn agai Maimainingestegisieni 69 spegifyingrwhi¢h eng effth¢ ghwalite df dsapmitossl 12,
therefore, the processor 108 preferably first checks if that particul ar
refri ger at asdolenPatoRyis t@npatibldeith witiehiefitigdrated bomainegEd 18 tnle Possile biyat
polling of the plurality of data protocol nodules is perfornmed only for
refrigerat gsthGeftigataiy sontaiiitk hBAKE anBlquilidiPieston RENTHIS hksW OBt ed.
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



After the data froma refrigerated container 12 has been processed by the
processor 108, the processed data is automatically transmtted to a

noni t or i ngoeeraes4t4, 907 via a transmtter 107 on the appacatsmodd:1 The
processor 108 preferably conprises application nodules for presenting the
processed data in a |ayout appropriate for display at thenmonitoring centre
14. The application nodules may be integral with the proprietary data
protocol nodules Pl to Pn. The processof2108 may then wait for a preset
period 908 before interrogati ng another or the sane refrigerated container
12. Pr ef er admytorih eeritrealts fht tpplickioh mbdalechhap be listegrat with tgagroprietagalaest s
fromthe nonitoring center 14 to the refrigerated containers 12.

Transni ssi @it nyRRestP) €0 RP ARE prdtessbP 108 fhaly feen®alt foR hipddeCpdod®0os4 may be
via cabl e connection between the transmtter 107 and the nonitoring centre

14, or the bEfo?%ﬁﬂgr{'cigﬁﬁ?% OfothBY%r BR sﬁm‘fﬂs&gﬂﬁg&?%(p&\'ﬁa?ﬁerflg Px\%{rﬁh?,stﬁe

transm ssi ons betwe e apparat us e nonitoring centre 14. At the
nonitoring.centre if the processed data transmtted f.romthe processor
108 1 na caratniiy Mrghe R ERaRRo KB R D pioting Srdaar g
container 12 has deviated from an acceptabl e val ue, an al arm nmay be

trigger gd. ﬂvarre#a’beféat%?%ﬁafrra 1 ail rrmsmissipng Betyieen the apgaraisdf andthe ger at ed
container, preferably at the nonitoring centre 14, so that processed data
recei ved bynanitering pentrsr f4may beviasablle comnectien bé¢twekm thedrpasmiter dfeged thier eshol d
values to determne if an alarmshould be triggered. Processed data

recei ved byndnfitering bedter 14)gr thenifan@nittér hymhe belh syitalyse devioe forwaslessnt er f ace
at atermnal at the nonitoring centre 14. The nonitoring centre 14 may be

in a contr @ansiREbAbAWES the appaiRist10 288 R maM&IrHeY 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



| ocation. A plurality of nonitoring centres 14 may be provided if desired.
Processed data sent to the nonitoring centre 14 may further be nade

accessi blwovoa/dogdsger net 16. In this way, any authori sedPgessons®noZeer Sons
may sinply use any conputer 19 having an Internet connection to go online
to track that goods being shipped in a refrigerated container 12 that is
bei ng nonitored by the apparatus 10 and nethod 90 are mai ntai nedw thin
acceptabl e conditions. The invention may3al so be configured to track the

| ocation of a particular container 12 using its unique identification code.
Onl i ne t r ackithiy aaeptable copéitiahs. dfhalinyeatiomatag ako dedohfiguatd tntraxk the location
refrigerated container 12 may be provi ded by shipping |ines and/or port

operators afapaiicalir bontsREY | Tasih@ité hdillic 1S RIAALS codd. DRNIAS trhol@hgy of thBE
nonitoring centre 14 may be connected to an intranet or other appropriate

NetWOr kS apRbnd BabloRE B 1RorS e fl el 2t B8 Bl BT by the

apparatus 10 may readi [y provi ari ous points of’ contal ner
handl i ng. These incl ud(ﬁ I oci;gti 0 car i | oadi ng, on trucks
&P

! 0 S Sof ,argo | oadi ng tﬁnd usz
or trailer SHPRIEdmEyar PPRYPELAS PBIY G P BO FYPES appar at us 10
that cap obtain informatiqon generically fromall makes of refrigerated
cont ai ner s AlEmAvely, teimeniieging spriteal4may Be Fomcisd tq aeintranstiog ofhef ed
containers, true end-to-end cold chain nonitoring of refrigerated
cont ai ner s approprigte metvearks esasenieghisementemay detegninew devi ces to be added to
the refrigerated containers or expensive infrastructural installations to
be made to ships or ports. In future, a standardi zed protocol nodule may be
able to process data fromall makes of refrigerated containers. In a
further exgmigina RIHABRY TR the@Upphrafisi1 083 HeqBadi provided at various points of

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

10  or trailers, 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.



nonitoring operational paraneters of refrigerated containers, the receiver
106, processor 108 and transmtter 107 are preferably packaged such that

t he apparwdus10ldds834s conpact enough to plug directly intectrlse2o08te6260gati on
port 124 of a refrigerated container 12 via the receiver 106. Data fromthe
refrigerated container 12 passes fromthe interrogation port directly to
the receiver 106 and is automatically processed by the processor 108 using
t he standardi zed protocol nodule installléd in the processor 108. Processed
data is then automatically transmtted by the transmtter 107 to the

moni t or i ng Rrecessed dbth is Breafagtomivtically transmittedby thearandBitter $0Wortheess f or
sending wireless transm ssions fromthe apparatus 10 | ocated at the

i nt er r ogat imehiéing cétrd 1 Preféablgethaitrdstnmt A0 NRIwiteleds For RAdMRWitddédsNY
centre 14. Wil st there has been described in the foregoing description

exenpl ary epadis&BA foMfthd %ﬁ)apc{t@ssﬂpfoc‘jit@& gﬂf[hh Merrddatibh gl)rt e I%QQE{%P%Q@ by

those skilled I n the technol'ogy concerne at nmany variations | etails
of design, t i.on_and/ or operation may be made w t hout departing from
t he pr esentcgﬁ{r%gngilrlf%)ntgeE‘é’r‘lﬂg&l%ﬁ ngr,ea%'rel ess transm ssions between a
refrigerated container, the apparatus and the nonitoring centre nmay be via
W Fi, V\fMAX, or satellite transm ssions. Connection of the nonitoring
centre with the Internet muy be wired or wireless. The apparatus may be

pl aced nearWhidst thegehasthegn densribedhiorthe fuegaingrdescriptierdexepmplasitshibadimengeefer

the refrigerated containers and the apparatus on a ship's deck or at a port
yard. Al t etinapresent inventsonn @ willibeluadearstobd ibgnhaseiskilled ir the teghpalogy esndemedoe

| ocated in a control roomof the ship or port. In future where a

st ?n_dar di tZngat izl Qe Akt IHR Gt H&tailPOf de6iRR SSonsiadtRnfah@/Br 8hératid@ay 88 made
refrigerate

without departing from the present invention. For example, wireless transmissions

10  between a refrigerated container, the apparatus and the monitoring centre may be via
WiF1, 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.



containers, the apparatus 10 may be placed at the interrogation port of
each refrigerated container. CLAIMS 1. An apparatus for nonitoring

oper ati onab 2pawvs®EBers of at | east one refrigerated contarsergosion@eat | east
one refrigerated contai ner having an interrogation port, the apparatus
conprising: a receiver configured to receive data fromthe refrigerated
container via the interrogation port; a processor configured to process the
data received fromthe at |east one refﬂggerated contai ner; and a
transmtter for automatically transmtting processed data to a nonitoring
centre. 2. OkIMpparatus of claim1l, further conprising a plurality of data
prot ocol nodul es therein, one of the plurality of data protocol nbdul es

bei ng conpat i Ahepparatup faaaGSiofigg operaflonad phRaRitts of tNed% bicredigekfast one
refrigerated container, the processor being configured to autonmatically

det er m ne tRRMGRIMAL AALE: o1& Al ,%! dul es. 3.

The appar at us aof clarm 2, gr e% n eaé}%]dﬂ%?éﬂtm%l alﬁa ?ﬁoggtg#qg)gdf g{ggrot ocol

nodul es is roprietar.y data protocol nodule of a refrigeration system
aﬁ? gggﬁogwg%ﬁgetary data protocol nodule being able to process

manuf act ur e

only data froma data recorder of a,rﬁgri erahed container installed with a
refrigepPation syé‘tr@‘fﬁ“fqr &SRR gpé?d 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.

2. The apparatus of claim 1, 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

15 processor being configured to automatically determine the compatible one of the

plurality of data protocol modules.

3. The apparatus of claim 2, wherein each of the plurality of data protocol modules is a
proprietary data protocol module of a refrigeration system manufacturer, each
20 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

manufacturer.



manuf acturer. 4. The apparatus of claim2 or claim3, wherein the processor
is configured to maintain a register specifying which one of the plurality
of data pwotomaloss¥edul es is conpatible for processing datca/sceasiosedlfrom a
particular one of a plurality of refrigerated containers. 5. The apparatus
of any one of the preceding clains, further conprising a wreless adaptor
for connection to the interrogation port for wireless transm ssion of data
fromthe refrigerated container. 6. Thel@pparatus of any one of the
preceding clains, further conprising a nmultiplexer for receiving data from
a plurality. ofhe appatagsrefickimomnt daimed, svhern flerproceasanis tdnfipgrddhe netadtainf r om
each of the plurality of refrigerated containers to the processor. 7. The

appar at us of giegister 8potifSThAPRIBRARALS BB pRirdlitioP datWpested) nidiile¥us ti pl exer
conprises a wireless input channel for receiving wireless transm ssions

from the wir eliassaflan! Hoceding HAe: AR aYarGhflrBn8 ofh pfilrllfof. Wher ei n

the multipl exer "‘conprises a el'ess out put anne S

transm ssi on o%ridata fr?m each of the plurality of refrigerated containers
to the recei VEFIEHCdLORANAS ot is of any one of the preceding cl ai s,
wherein the receiver is a wireless receiver for receiving wreless
transni3sions of data.10. The appar atus of any one of the preceding clains,
wherein the transmitter is a wireless transmtter for wireless transm ssion
of processéd Dsepaniatisaif anpoae obthe peeceding claims) durtlzantcomprising a wireless

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

from the refrigerated container.

10 6. 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

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

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

wireless adaptor.

8. The apparatus of claim 6 or claim 7, wherein the multiplexer comprises a wireless
output channel for wireless transmission of data from each of the plurality of

20 refrigerated containers to the receiver.

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

receiver for receiving wireless transmissions of data.



11. The apparatus of any one of the preceding clains, wherein the
nonitoring centre is configured to be accessible via Internet. 12. A nethod
of nonit owonglonpsssat i onal paranmeters of at | east one refcrgenatsmdozst
container, the refrigerated contai ner having a data recorder and an
interrogation port, the method conprising: receiving data fromthe data
recorder of the at |east one refrigerated container via the interrogation
port; processing the data; and automati ¢ally transmitting processed data to
a nonitoring centre. 13. The method of claim 12, further conprising, before
pr ocessi ng 10hEhaaiparatesutfanpbne af thy peedingictdimsg, wikkireih tlentearsfnitgerpé air al i ty of
data protocol nodules is conpatible for processing the data. 14. The net hod

of claim 13, whele§ tmrfsﬁendﬂe&mﬂleésrt&nismsM%ﬁﬂ%&deagFéraﬁornﬂ damlth the of data
protocol nodules for a match between one of the plurality of data protocol

nmodul es and t &ﬁ% data. 15. The nethod of claim 13 or claim 14,
further corrprltﬁgfnlrilg Q:éﬁ?%i ning a register specifying which one of the
plurality of data protocol nodules is conpatible for processing data
received froma particular one of a plurality of refrigerated containers.
16. The_method of any one of clains 12 to 15, wherein the receiving,

i ncl uded rddelts apa Sszfamsﬁp%logtihﬁméﬁqe@kyg&alméfwhegapQteetaowmgi wete iysing a

mul ti pl exer and _ '
configured to be accessible via Internet.

12. 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;
processing the data; and
automatically transmitting processed data to a monitoring centre.
15
13. The method of claim 12, further comprising, before processing the data,
automatically determining which one of a plurality of data protocol modules is

compatible for processing the data.

20 14. The method of claim 13, wherein the determining includes polling the plurality of
data protocol modules for a match between one of the plurality of data protocol

modules and the received data.



comuni cating the data fromthe nultiplexer to the processor. 17. The

nmet hod of claim 16, wherein the communicating is perfornmed wrelessly. 18.
The net howoebioanyzene of clains 12 to 17, wherein the receisG2o3/00&®61
performed wirelessly. 19. The nethod of any one of clains 12 to 18, wherein
the transmtting is perforned wirelessly. 20. The nethod of any one of the
preceding clainms, further conprising accessing the nonitoring centre via
Internet for online nmonitoring of transktted processed data.

15. The method of claim 13 or claim 14, further comprising maintaining a register
specifying which one of the plurality of data protocol modules is compatible for
processing data received from a particular one of a plurality of refrigerated

containers.

16. The method of any one of claims 12 to 15, wherein the receiving includes receiving
data from a plurality of refrigerated containers using a multiplexer and

communicating the data from the multiplexer to the processor.

10 17. The method of claim 16, wherein the communicating is performed wirelessly.

18. The method of any one of claims 12 to 17, wherein the receiving is performed

wirelessly.

15  19. The method of any one of claims 12 to 18, wherein the transmitting is performed

wirelessly.

20. 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



