1 Methods for Controlling Shipment of a Temperature Controlled Material Using a Spill Proof Shipping
Container Cross-Reference to Related Applications 5The present application is a continuation-in part
of U.S. application Serial No. 61/150,271 filed 02105/2009, entitled "Methods of Controlling a
Temperature Controlled Material Using a Spill Proof Shipping Container," the disclosure of which is
specifically incorporated herein by reference. 10Field of the Invention The present invention is in
the field of methods for controlling shipment dfa temperature controlled material. Background of the

Invention 15The present invention describes packaging systems for cryogenic shipment of various
materials includifdgtivedsciebiconticdlingsShintorid s e Jesspenatyendontrioilediatestd for controlling

shipments of materials using suqhisghBaF5RAINESYFRTh Y ERaMEPrevious patents for cryogenic
shippers describe the basic 20 liquid nitrogen container (Déwar) concepts, various concepts for the

retention of liquid nitrogen within the cryogenic container, various concepts for closing the opening into
the cryogenic CordsiRefergnodtolRefistedatppiddstienbe shipped are stored, and concepts for external

finishing and protectyy of {ag frYPARAEAA'a BshuRaMHRINhIN IS UgGe A "SGR existence
or a numper o1 years;
Ng 61/150,271 filed 02/05/2009, entitled “Methods of Controlling a Temperature
Controlied Material Using a Spill Proof Shipping Container,” the disclosure of

which is specifically incorporated herein by reference.

10 Field of the Invention
The present invention is in the field of methods for controlling shipment of a

temperature controlied material.

Background of the Invention

15 The present invention describes packaging systems for cryogenic shipment
of various materials including live cell bio-materials, vaccines, tissues, etc., and
various methods for controlling shipments of materials using such a packaging
system.

A number of previous patents for cryogenic shippers describe the basic

20 liquid nitrogen container (Dewar) concepts, various concepts for the retention of
liquid nitrogen within the cryogenic container, various concepts for closing the
opening into the cryogenic container, in which the materials to be shipped are
stored, and concepts for external finishing and protection of the cryogenic
container.

25 Much of this technology has been in existence for a number of years:
however, many of the problems that have hindered the usage of cryogenic
shippers confinue to remain today. The packages typically leak liquid nitrogen
when laid sideways or when inverted. Packages are often in odd shapes that
render them difficuit fo handle and causes them to consume more volume than

30  desired in the package shipping systems and thereby incur cost penaities.

U.S. Patent No. 6,467,642 discloses a shipping container that contains
many advances over the prior art and identifies a number of problems one faces



however, many of the problems that have hindered the usage of cryogenic shippers continue to remain
today. The packages typically leak liquid nitrogen when laid sideways or when inverted. Packages are
often in odd shapes that render them difficult to handle and causes them to consume more volume
than 30 desired in the package shipping systems and thereby incur cost penalties. U.S. Patent No.
6,467,642 discloses a shipping container that contains many advances over the prior art and identifies
a number of problems one faces 2 in shippiﬁg Dewars filled with cryogenic materials.It also discloses
the construction of Dewars and advances the state of the art with respect to foam included within the
inner vessel dhadbipaiagahewsrsisiledurétis spetioalyiatsiperatdd #seirfisy'rsrsreli€e to provide a

background forthe pieseat PBNENIARY advARkIMRleshe. BatentNavith4@4H4L kemsasents a
significant advance in the state of the art of cryogenic shipping,containers, further aTdv ces are still
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needed to acHiEHE&HUENP ARG deBToNTRS SYEF it SRirEPSIRp e it oS8 Kture controlled
materials. It isinootipiz ated dhmirtheypresertivevdntiorpidde0 dirbaukdraund tier plesepiefidntion seeks to
move thisfield fauard in two ways. First, advances are made to the actual cryogenic shipping
containers to address problems found in the prior art as well as o maximize &he efficiency of shipping

I
methods using suchtdntdfHErs- 3eBieat Mo iEhBHs %ﬁ%“%ﬁ’?&%s%& RS SRV SRibment of such
containers. Thasestatethbdsenettorflcyegkno isitireine ddhthioeicferbyrofdtapesers: stt also to

increase the reliahilin A0d-ASROURIABIIARS SUSHOANIRMARIRGSS TBAGIIEWhRJefiRidsanpe advanced

to a point that presently does not exist and is not available. It is significant to note that shipping of

temperature ciMRSTRY T SRR BAJT&R QiR PREMBE M RESTRLITAINRE Bgistics support

which 10 directed, and the present invention seeks to move this field forward in two ways.
First, advances are made to the actual cryogenic shipping containers to address
problems found in the prior art as well as to maximize the efficiency of shipping
methods using such containers. Second, new methods are disclosed for
controlling shipment of such containers. These methods not only seek to increase
15  the efficiency of shipments, but also to increase the reliability and accountability of
such shipments, so that the whole field can be advanced to a point that presently

does not exist and is not available.
It is significant to note that shipping of temperature controlled materials
today usually requires a number of steps that require logistics support which
20 increases cost and the chance for error that can damage the temperature
controlied materials during shipping. Due to problems associated with Dewars, it
is common practice today to use dry ice for shipping many temperature controlied
materials. Because dry ice has a limited holding time of 1-2 days, shipments of
longer length or duration require the package to be “re-iced” which creates
25 infrastructure issues usually involving subcontractors and multiple interventions
with the packaging. Using dry ice also requires a shipper to source boxes for
holding the dry ice and temperature controlled materials as well as sourcing the
dry ice. Once this sourcing is complete, the sampie must be packaged. Next,
pick/up and movement of the sample must be orchestrated and re-icing logistics
30 on international shipments must be managed. As part of the shipping process
somebody must aiso manage the shipment, asking such questions as where is it,

did it arrive and was its temperature okay when it arrived. The many drawbacks



20 increases cost and the chance for error that can damage the temperature controlled materials
during shipping. Due to problems associated with Dewars, it is common practice today to use dry ice
for shipping many temperature controlled materials. Because dry ice has a limited holding time of 1-2
days, shipments of longer length or duration require the package to be "re-iced" which creates 25
infrastructure issues usually involving subcontractors and multiple interventions with the packaging.
Using dry ice also requires a shipper to sourte boxes for holding the dry ice and temperature
controlled materials as well as sourcing the dry ice. Once this sourcing is complete, the sample must

be packaged. NeRis pRERABEN M RHAR St Bf SHEYRR pBUHUSCRE R Ee BFkfednaAYRRINg logistics

30 on internatiegicsRipmamisiaNesife aanageivAs@rt pidkeshippugpragessrspnaggody must also
manage the shipmenpt, asking such guestions,as where is it, did_it arrive a as its temperature okay
whon i artived B e R T B SR T S S orcinate

tasks in multipleefseanenigbiuitiple steps and interventions increase chance of error and international

sourcing and materiabERamNg GRE hrccempiaveMlbaf vahighesanrereate URgekabiieadAgcordingly, the

present invention satisfies another long-felt need. by, simplifying the Jogistics, cost and reliability of
Chioping tempEl T Con NGl et A S PR R0 B S e R e = e

"Green" alternagigsigiacaive drigdceffsond daamrdieXiddjigant dkeld arehiantpievéreethe release of
carbon dioxidgiatraie BUBAKRNERE B8 dsbid BRBSHURER PR FHOLSEH MREH Badeiomdhe methods

disclosed herein. provide for.en acsouniapily. n e stipeing progess, as ol as glaiiy. and the
shipping containérs can be re-purposed arter each cycle, thus reducing the impact on global landfills.

And, due'fb lowgeringldimgdiies, dha mehetisdisthes ed hekiogy eiidie fps hipwmegoigntabllived and, should
such loss occyt tREeRIMAGIERsdeEdhes|Qas caRnrdRdipgstanlighednippifgtaliaitesPEasert invention
also provides a method I%Ior contro Iin?J §hi;grr‘nent 8f a telg_Peratur contll'o%e tmg@@riaﬂ éﬁ?t does not
require use of%@%%ggsee ié %?lfiper?gr, BUT Goes FEGuIre s 8f'@%?1%s%n(§18 %ez?ﬂ Fial'd8ted to a
shipping contdivertehiatasaintidingatiszeapte thdiseywvithin dsk oihissing edrgash@nz@ivighin a selected

temperature raggees UMMARE fAF SUdk INEENIIDN accol R RIBFERF InMeNiiaR izgenssally directed to

a method for contr _IIin% shipment of a temperature controlled material implemented in a computer
15 established.

Finally, the present invention also provides a method for controlling
shipment of a temperature confrolled material that does not reguire use of a
cryogenic shipper, but does require use of a phase change material added to a
shipping container that maintains a sample chamber within the shipping container

20  within a selected temperature range.

SUMMARY OF THE INVENTION

The present invention is generally directed to a method for controlling

shipment of a temperature controlled material implemented in a computer

25 program in which a customer order is iniiated with a customer origin point and a
customer destination and then a shipping container with a phase change material

that maintains a sample chamber within the shipping container within a selected
temperature range is shipped to the customer origin point for receipt of a
femperature confrolled material within the sample chamber and then the shipping

30 container is shipped from the customer origin point to the customer destination

and the periodic location of the shipping container can be fracked by use of a



25 program in which a customer order is initiated with a customer origin point and a customer
destination and then a shipping container with a phase change material that maintains a sample
chamber within the shipping container within a selected temperature range is shipped to the customer
origin point for receipt of a temperature controlled material within the sample chamber and then the
shipping 30container is shipped from the customer origin point to the customer destination and the
periodic location of the shipping container céh be tracked by use of a 4 wireless location sensor
associated with the shipping container during its shipment. In a first, separate group of aspects of
the present inwiseltion, itnatiip s o rRansiaie &suishihge ¢HioRINth cenksiffie AHBRENHSON to a
repurposing sgmp’f%j,@ the shipping container is packaged in a shipping package with a customer
origin point designation é{WhiCh can be located on a firsi ﬁijrface) a!:)d a I%Elsm er destination

designation (which (A BEYRERRESICEBBNPEEHE R A PERIIVINBRY Hhdrruta tPiiSurface is
visible so thatonigirmmesoflsheshipp st fface hareusisibly deshitgiosihy ke rsipgpesity ditreadsecond,

separate groupOLgRRG!SaRIE PIERSBRIRKENIHAN HIS IS PRIGIES I 1e RIS Ghgpber can be

monitored by a wireless temperature sensor during shipment of the shipping container (which may be

done by use GPLHRBIRZHMatUHBASER BSolPREERPEr RulEt e HITRGRARET SutSEPBthe sample
chamber) andithérigfoperatigreatiam hehjztricahcabylveatrdlec dusacpstipuréateatiatld avolata log of the

temperature iy, {hie. SpAARIR-EhATINEL R0 ke RatiRctedelihensuHBt, s HiRMEDt QI Afes te Shipping

container has been shipped to the customer destination while an alert can be generated if the
temperature iMEIRE SIS SRATRIRBEhhove a preselected threshold temperature. In a third,
separateigroup of apectechitie presait igventiosf, pepadic @0 theafiresdrthensantple chamber is

determined dytigeeDRERNG A S SRRAIARATUANSS INAGERDPS ARBRAIRHARHRGE! @ Wireless

sensor) and can be monitored by use of a computer. The periodic location of the shipping container at

a given time iSERRALRENG ENRBEN  Hie PhIRRMA S AR WBISRHTMIE SQR%RY ER&ARr according to
at least one ppesslesiiedstite tassandpdetertaingdiatuaf thaddty readiathiealthl tidramsalaple chamber

cring shomestcan ijee e 07 LD G- ARRELINERJDR SUSINTL IEH S ftrcd.

Determination eriodic he e sample chamber can utilize a measurement of the weight of
the shippihg corim&dantithR EIpemiupe HeHisaruRaHOpaRBARRR P BERIRINE to be less
than a preseleﬁﬁetb\mip_ﬁlaﬁim,at@f thectahiealthabitg has been shipped to the customer

destination while an alert can be generated if the temperature in the sample
chamber goes above a preselected threshold temperature.

In a third, separate group of aspects of the present invention, periodic

20  health of the sample chamber is determined during shipment of the shipping

container (which can be done through use of a wireless sensor) and can be

monitored by use of a computer. The periodic location of the shipping container at

a given time interval can be used to determine the periodic heaith of the sample

chamber according to at least one preselected criterion and determination of the

25 periodic health of the sample chamber during shipment can utilize at least one

variable obtained when the customer order is initiated. Determination of the

periodic health of the sample chamber can uiilize a measurement of the weight of

the shipping container and an alert can be generated if the petiodic health is

determined to be less than a preselected value. Also, a projected health of the

30 sample chamber at a preselected future time can be used to generate an alert if it

is less than a preselected value and, once the alert is generated, either the

shipping container can be recharged with an additional quantity of phase change



30 sample chamber at a preselected future time can be used to generate an alert if it is less than a
preselected value and, once the alert is generated, either the shipping container can be recharged with
an additional quantity of phase change 5 material or any temperature controlled material in the
sample chamber of the shipping container can be transferred into a second sample chamber of a
second shipping container with a second phase change material that is maintaining the second sample
chamber within the second shipping containet at a temperature 5within the desired temperature range.
In a fourth, separate group of aspects of the present invention, a periodic location of the shipping
container can Méteiaiked 3y UsEperaeanprnEpligt maldehtiidpassaopieeghRmbencot iBeomer order

and the delivegyifiangachedirerrfeHpitia iRt ARRE S shwehnmaEahwingEs B edstprner order is
placed. 10 Ind%ﬂfifth, separate grogh resent jnyention, there is confirmation of a

p of aspects of th '
elivery ime GTRRSH IR B A A, SRS Tetth I8 TRAIRR oAt TARRNAR D! the sample
chamber at theedefitiesgrtiphe chamirea \gitth, tepseated)higpobaspaetscofdha peegendimeention, a

second customehAgerjyitig %qg&gtg%skgﬂb%r' point of origin is obtained and the 15 shipping

container is shipped from the customer point of origin to the second customer point of origin before the

shipping container is5RifpEEtGRE R IFHIRTE YerthpdtonTdha R&SEAl BYERRTerbPaaPdfth a second
customer desthation isf dhtashaghbiapd-tintasidpping eobtaiked isystsppeiddedheserard caustomer

destination befgueHie SNBRIAGFANIRET d3HRASSHS BFRPHEPASING §teark0ResRIdIRglY, itis a

primary object of the present invention to provide an improved method for controlling shipment of a

temperature cBIHASTIRAYASEERSNG @ WARISUIR YiBTR SuHE R PHIRIARRIBER Wil be apparent to those
skilled intie art in conmedttbn seghrtdie draupngs asyertle adethdeprelsdriptrentohthihéneention set forth

below. 25 BRIERADEIGRIBT IQNQ\%N"%RMH}LG%WE!}Q container at the customer
destination and the temperature of the sample chamber at the delivery time.
In a sixth, separate group of aspects of the present invention, a second
customer order with a second customer point of origin is obtained and the
15  shipping container is shipped from the customer point of origin to the second
customer point of origin before the shipping container is shipped to the customer
destination or a second customer order with a second customer destination is
obtained and the shipping container is shipped to the second customer destination
before the shipping container is shipped to a repurposing site.
20 Accordingly, it is a primary object of the present invention to provide an
improved method for controliing shipment of a temperature controlled material.
This and further objects and advantages will be apparent to those skilled in
the art in connection with the drawings and the detailed description of the
invention set forth below,
25
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 illustrates a cross section of a packaging system for cryogenic
shipment oriented in a normal upright vertical orientation whereas Fig. 2 illustrates
the same system in a lateral orientation with an added absorhent layer in the
30 specimen well. In addition, both Fig. 1 and Fig. 2 illustrate fluid flow paths.
Fig. 3 is cross-section view of a two-piece cap for insertion into the neck of

the Dewar illustrated in Fig. 1 in which the lower portion of the cap sits in the



Fig. 1 illustrates a cross section of a packaging system for cryogenic shipment oriented in a normal
upright vertical orientation whereas Fig. 2 illustrates the same system in a lateral orientation with an
added absorbent layer in the 30specimen well. In addition, both Fig. 1 and Fig. 2 illustrate fluid flow
paths. Fig. 3 is cross-section view of a two-piece cap for insertion into the neck of the Dewar
illustrated in Fig. 1 in which the lower portiorgof the cap sits in the 6 necktube of the Dewar and an
upper portion sits above the necktube and on top of foam insulation. Fig. 4 is a cross section

illugtrating a h%&m%?tmﬁgmﬁfh%% hHe Hb?ﬁ‘drpg{giﬁﬁ'ﬁeqfhﬁ‘ﬁe'a&‘{)@é feuheldipg.kiquid nitrogen.
5Fig. 5 is an exploded view showing a Dewar as it packaged in a shock absorbing material. Fig. 6
o

illustrates a p ﬂi‘ﬁ&%em in condition for shipping and Fig. 6a illustrates the multiple shipping
containers within th&ipadkiagingrsystesnishollusiratig. £ . HtOEgomb Ustdtdsra esedssdietion of an

alternative pagkaging.system fﬁ’é_@@(f?&%rﬁmmﬁ%%‘?ﬂfﬁﬁ%.a normal upright vertical orientation.

Fig. 8 illustrates use of a packaglng? insert material used for insulation in the packaging system shown

in Fig. 8 without a pfdbePuRiPFcRigefitfview showipg,a BRYGE AR L RIEAIBHIR G ikert material
presently soldztsateirthendterishdemark ExpandOS.

Fig. 6 illustrates a packaging system in condition for shipping and Fig. 6a
iliustrates the multiple shipping containers within the packaging system shown in
Fig. 6.
10 Fig. 7 iliustrates a cross section of an alternative packaging system for
cryogen shipment oriented in a normal upright vertical orientation.
Fig. 8 illustrates use of a packaging insert material used for insulation in the
packaging system shown in Fig. 8 without a probe unit being shown.
Figs. 9A-9F illustrate a packaging insert material presently sold under the
15  trademark ExpandOS.
Fig. 10 illustrates an overall web portal architecture useful in the methods
of the present invention.
Fig. 11 is a simplified block schematic illustrating a processing system
employed in certain embodiments of the invention.
20
DETAILED DESCRIPTION OF THE INVENTION
The present invention will now be discussed in connection with an
embodiment that uses a packaging system illustrated in the Figures. The
packaging system disclosed herein assists in maximizing the efficiency of the
25 methods for controlling shipment of a temperature controlled material alsc
disclosed herein while maximizing the length of time that a liquid refrigerant will
maintain a sample chamber within the shipping container at a temperature below
a desired maximum temperature.
in one preferred embodiment, the present invention utilizes a cryogenic
30 shipping Dewar system including an improved liquid retention system, an
improved iiquid absorption system and novel packaging concepts.



Fig. 10 illustrates an overall web portal architecture useful in the methods of the present invention.
Fig. 11 is a simplified block schematic illustrating a processing system employed in certain
embodiments of the invention. 20 DETAILED DESCRIPTION OF THE INVENTION The present
invention will now be discussed in connection with an embodiment that uses a packaging system
illustrated in the Figures. The packaging system disclosed herein assists in maximizing the efficiency
of the 25 methods for controlling shipment of a temperature controlled material also disclosed herein
while maximizing the length of time that a liquid refrigerant will maintain a sample chamber within the
shipping container dt@nethpreeatbedibeliwtizedasivent masmmmutdireses atyrgenic shippore preferred

embodiment, fgBFesARANRAIRIZRR AR IHSIC AARMBRINGIENR' SYFSMJDF!ing an
improved liquid retention system, an improved liquid absorption system and novel packaging concepts.

7 In anothEPEmBBHRRIRIPR (WRICRAISRAHILIR Gl ¥ oo fset®@pping Dewar system that
uses packaging insértshiaténtalpgiesentyrsatd wndefithiehradeoas Bepard@miwicingre shown in

Figs. 9A-E) (0L RRIAIIR0 A VRRIB ECLAGSAUMEILRL HEOTRRSCs s Jyneliangl in any 5

position, includin?%‘I both lateral and inverted orientations. This is particularly true of smaller packages

that encompa®@#iFsPBFASEH RGOS INRESPe BRARS IR RACRIGE vt sBiRmeSsYifcluding parcel
post, UPS(r), padExérliettenit sstheseisandicgspinat Bpe e UESarieuEee ikesonamiatereliable and

timely shipmeg, agsdRlivery R teoiirmr. AL GHURR ARG ARMSANRASHGSRRIRG Gofginers will spill
delivery is required. All currently available cryogenic shipping containers will spill

10 some fiquid cryogen if laid on their sides or inverted as one would anticipate
happening in the commercial shipping environment. Most of these shipping
containers include an internal, primary absorbent material that acts, with varying
degrees of efficiency, to inhibit the amount of liquid cryogen that will be spilled:
but, none of them completely eliminates every spill potential as all depend on

15 surface tension capillary forces to contain the liquid. Even though the rules and
reguiations pertaining to commercial shipment preciude any evidence of free
liquid, the currently available units that are routinely used for that service do in fact
permit some amount of spillage. Thus, there has been a long-felt need to further
reduce and/or efiminate the possibility of liquid spillage. The present invention

20  describes a way to satisfy this long-felt need while at the same time enhancing the
protection of the liquid nitrogen container from the rigorous shipping environment.
The present invention also includes improvements to the internal absorbent
material, in the form of a polymeric coating that enhances its durability, reliability
and ability to withstand repeated decontamination cycles.

25 In the Figures and the following more detailed description, numerals
indicate various features of the invention, with like numerals referring to like
features throughout both the drawings and the description. Although the Figures
are described in greater detail below, the following is a glossary of the elements
identified in the Figures.

30

100 Dewar
101a inner shell



10 some liquid cryogen if laid on their sides or inverted as one would anticipate happening in the
commercial shipping environment. Most of these shipping containers include an internal, primary
absorbent material that acts, with varying degrees of efficiency, to inhibit the amount of liquid cryogen
that will be spilled; but, none of them completely eliminates every spill potential as all depend on 15
surface tension capillary forces to contain the liquid. Even though the rules and regulations pertaining
to commercial shipment preclude any evidere of free liquid, the currently available units that are
routinely used for that service do in fact permit some amount of spillage. Thus, there has been a
long-felt need to furthér reduesuamdfauiiminate the possibility of liquid spillage. The present invention
20 describes a way tosatisfy this japg-felt need while at the same time enhancing the protection of the
liquid nitrogen container from the rigorous shipping environment. The present invention also includes
improvements to the 1RternAEpAY BRI RsAterial, in the form of a polymeric coating that enhances its
durability, reliability angBabiliystsarvathstiind repeated decontamination cycles. 25In the Figures and the
following more detail Eidescri tion, nu i g:é. i tures of the invention, with like
numeralsr?eferring to?ll 3ea feafuras tﬁlrjglcrj%%ﬁ?%po %%E%%?g\%?!r%@nd the description. Although the
Figures are describeddf gre@@iiésail below, the following is a glossary of the elements identified in
the Figures. 30 100 Qewar ifkka hapgsisiell 8 101b vacuum insulation 101c outer shell 102primary
absorbent 103specinqge well

shipping carion
107  aperture

10 108  cushioning material
108  secondary absorbent
110 shipping carton
111 neckplug cap
113 liquid flow path

15 114  absorbent layer
121  foam disk

122  grommet

123 ribbon
124  Nylondisc
20 125  extension tube

126  washer
127  fastener
128  sieve pack
140  cardboard packing frame
25 141  cutout in cardboard packing frame 140
151  electronics unit
152  thermocouple wire
153  tip of thermocouple wire 152
160  ExpandOS™ packaging insert material
30
Fig. 1 illustrates a first cryogenic shipping package shown in its normal
upright orientation. Items 101a, 101tb and 101c show the dual walled cryogenic



5103a optional absorbent for specimen well 103 104necktube 105foam neckplug 106shipping carton
107aperture 10108cushioning material 109secondary absorbent 110shipping carton 111neckplug cap
113liquid flow path 15114absorbent layer 121foam disk 122 grommet 123ribbon

Dewar 100 that is similar to Dewars described by prior art. A primary absorbent
material 102 is included within the inner container for the purpose of capturing and
retaining the liquid nitrogen that provides the necessary refrigeration capacity.
The absorbent foam is normally an annular shape surrounding a cylindrical
5 specimen well 103 within the Dewar. The specimen well typically has a diameter
similar to that of the necktube opening and it typically extends to the bottom of the
inner container. Alternately, as illustrated in Fig. 2, optional absorbent material
103a can also fill the lower portion of the inner container, the lower portion of the
specimen well, so as to offer increased absorbent capacity but reduced specimen

10 capacity. The inner container of the Dewar is connected to the outer shell by
means of a cylindrical necktube 104 that allows access to the product stored
within the specimen well. In normal use, the opening through the necktube is
closed, or partially closed o the extent that vapor is allowad to escape, with an
insulating neckplug 105 that could also be configured to function as a

15 supplemental absorbent. A sieve pack 128 (shown in Fig. 7 but deleted from Fig.
1 for clarity) is located between the dual walled cryogenic Dewar 100 and is
cryogenically activated. The external end of the neckiube is joined to the outer
shell 101c. The area where the parts are joined is typically equipped with a
reinforcing flange to protect the joint from impact damage. _

20 The whole of cryogenic Dewar 100 is encased within a cushioning material
108 constructed of a clamshell pair of shock absorbing foam material such as
expanded polystyrene (see Fig. 6). Within the cushioning material, a cavity is
formed to provide a coliection volume and to encase a secondary absorbent
material 108. A simplified version of this arrangement can be made in which the

25 whole of the cushioning material is made of an absorbent material thus eliminating
the need for a separately identifiable secondary absorbent. The completed
cryogenic shipping package is formed when Dewar 100 and surrounding
cushioning material 108 is inserted into a shipping carton 106 that might be
constructed of corrugated paper, plastic or other common packaging material.

30 The typical arrangement is a corrugated box with flaps opening at the top to
provide access fo the neckplug cap 111 which can be grasped to remove the

neckplug to gain access to the specimen storage well. This complete package



124Nylon disc 20125extension tube 126 washer 127fastener 128sieve pack 140cardboard packing
frame 25141cutout in cardboard packing frame 140 151electronics unit 152thermocouple wire 153tip
of thermocouple wire 152 160ExpandOSTm packaging insert material 30 Fig. 1 illustrates a first
cryogenic shipping package shown in its normal upright orientation. ltems 101a, 101b and 101c show

the dual walled cryogenic 10

can further be inserted into shipping carton 110 used to protect the whole package
during a first leg of shipment.
When the completed package is in the upright orientation, the liquid
nitrogen contained- therein is sifuated by gravity at the bottom of the inner
5 container 101a. However, when the package is laterally oriented as in Fig. 2, the
liquid will tend to flow referentially to fill the lateral lowest portions of the inner
container. If the level of liquid in that orientation exceeds the elevation of the
necktube opening into the inner container, some liquid will run out through the
annular space between the necktube and the neckplug. Similarly, if the shipping
10 package is vertically inverted some liquid will run out of the container. It is not
possible to fully seal the container as that would result in a dangerous pressure
rise as the liquid cryogen vaporizes from heat input.
Referring to Fig. 2, the flow of liquid nitrogen from the container is
ilustrated by arrows 113 along the boundary of the necktube to the neckplug. In
15 this invention, an aperture 107 in the surrounding cushioning structure 108
interrupts the flow path when the liquid nitrogen reaches the external end of the
necktube. This aperture preferentially directs the liquid nitrogen toward the
secondary absorbent and storage well 109 that capiures the liquid and ailows it to
vaporize before it can reach the outside of the package fo escape as free liquid.
20  Additionally, the external end of the neckplug is capped with a disk 111 that acts
to block the path of any liquid fiow that does not pass through the aperture. A
further means of protection is offered by placing an absorbent layer 114 on the top
surface of the cushioning structure 108. The combinations of these
characteristics effectively prevent liquid cryogen spillage from the completed
25 package.
Fig. 3 fllustrates a two-piece plug used in a cryogenic shipping package.
The lower foam neckplug 105 of the two-piece plug fits down into neckiube 104 of
Dewar 100 and comes up, essentially, to the top of the neckiube. Foam neckplug
105 is heid between two Nylon® discs 124. Then, moving up from this plug, there
30 is a flexible extension tube 125 (which can be a cord) that fits within secondary
absorbent layer 108 that fits outside necktube 104. Extension tube 125 is affixed
to foam neck plug 105 and foam disc 121 which sits inside of packing materials



Dewar 100 that is similar to Dewars described by prior art. A primary absorbent material 102 is
included within the inner container for the purpose of capturing and retaining the liquid nitrogen that
provides the necessary refrigeration capacity. The absorbent foam is normally an annular shape
surrounding a cylindrical 5 specimen well 103 within the Dewar. The specimen well typically has a
diameter similar to that of the necktube opening and it typically extends to the bottom of the inner
container. Alternately, as illustrated in Fig. 2,16ptional absorbent material 103a can also fill the lower
portion of the inner container, the lower portion of the specimen well, so as to offer increased
absorbent capagippiylenfidssspatiniackrtugapadity. sihaioméarnniant? betdsiBainr is connected

to the outer shell,hy,racans-of asulingricakReckidae ] Qhtrbalaws geeeeadadhedrasiuct stored

within the specimen well. In normal use, the opening through the necktube is closed, or partially closed

to the extent tHt{0%8 56K isFRBAR 440 '8 <SCPECHAHLA T AR TG HPMSRRP 105 HAF@URELIso be
configured to fupgtie makeat Hasikumplementairabisarhanie Alsieirenpaekiktite($bowninmsFbe 7 but deleted

from Fio. 1for Rk deaaiediRoueal i duakypllerenase iRy 08 anddssgrooenically

activated. The external en tube is home to the outer shell 101c. The area where the parts
are joined is typi€agyceRiAsEataReS RIRHERCIRG AR RS PIRRBEIINET AR tBRR ifthHRPHamage.
20The whole ofiecgotiainidiB eavéuo ) histendased peitkinga oasdtialsingnh atesiad il @8teonstpucted of a

clamshell pair g&éﬁgﬁlﬁ %Q§Qﬁgi@gef%@ Materialsuch gngg@&QMr%ﬁ? (sRe Rige 5). Within the

cushioning material, a'cavity is formed to provide a collection volume and to encase a secondary
absorbent mat&YRiPES8. SRISHWSHREd Wikt dio T8 Bif eXipaRigantR ¢aR S mBRIBSHAWiRE e 25 whole of
the cushioningbrateial ¢ fowmad eefiqang bk heritgstened th be«alinstnatigwhdpead 00 acseparately

identifiable secqpdanyah30rat NG CORRICIRY FRBBRIC PUIPRIMRFRSAGS: S forgegyvnen Dewar

100 and surrounding cushioning material 108 Is inserted into a shipping carton 106 that might be
constructed of ¥SFRR)AEHFEIH NSRS 8F BBrEiNmon packaging material.

Fig. 4 illustrates an improvement made to the foam material used inside the

inner shell 101a in the present invention. As is noted in U.S. Patent No.

15 5,467,642, it is desirable that plastic foam inside of inner shell 101a be comprised

of at least two foam segments separated by a capillarity separation layer.

However, it has been found that it is especially preferred that such foam have a

honeycomb structure illustrated in Fig. 4 so that so that the capillary length is not

exceeded regardless of orientation, whether the shipper is in a vertical or in a

20 horizontal direction. The honeycomb concept of the foam is not limited to

cryogenic applications but wilt work in any application that relies on capiliarity to

retain a liquid within a structure and potential applications for this structure include

the space program, automotive applications, etc. In addition to the honeycomb

structure, the foam coating is specifically a polyurethane isocyanate that is applied

25 {0 enhance the structural durability of the foam material without materially

reducing the volume of liquid abscrhed or materially slowing the rate of
absorption.

By using the technology described above and in US. Patent No.

6,467,642, shipping containers were constructed in which the holding time

30 validated by an independent laboratory for a frozen femperature of -196°C was

12+ days when the shipping container was maintained in an upright position and

10+ days when the shipping container was maintained in an inverted position. In



30 The typical arrangement is a corrugated box with flaps opening at the top to provide access to the
neckplug cap 111 which can be grasped to remove the neckplug to gain access to the specimen
storage well. This complete package 10 can further be inserted into shipping carton 110 used to
protect the whole package during a first leg of shipment.  When the completed package is in the
upright orientation, the liquid nitrogen contained therein is situated by gravity at the bottom of the inner
5 container 101a. However, when the packade is laterally oriented as in Fig. 2, the liquid will tend to
flow referentially to fill the lateral lowest portions of the inner container. If the level of liquid in that
orientation exceiiisoth e ale\ehipingf tbataiecktUlascopeningitiiedie mesrt AdAtadaeresoents liquid will run

out through the aayla[ahace beMeRRIBs.Nestheand he-aeckplug <Sialasalidhgrshiping 10

package is vertically inverted some liquid will run out of the container. It is not possible to fully seal the
container as theR9RSEIRNASSBRTANYHIRGRebRIBFEESIHE fREiebaheiRRiNg cryogen vaporizes from heat
input. Referring teifdg 72atedf | onsatlis)wdadsag enibipimgthe dentaisesvs ithisifateddnt arrows 113
along the houndary of t eckt t My this ipventi re 107 in the
surroundir:%g0 c[}Ds Eig{ro}Pngﬁ%@%ﬁgﬁ%égﬁ%ﬁ%%%ﬁ%g %llcl)j\%\}%%%ﬁ {?‘vhpe’\éi &g ﬁa%%}%?(%%{é%e%e%ches the

external end offife Rieektffe? TR aplaleSordfe @ity direlerdtfd K§ing RTMIGBRESIAYd the

secondary absgshsintagespiopngatacilsl Gdhateagiuies thhedisutidaed pienisitietyaporize before it
can reach the outside of the to escape.as-free liquid. ditionally, t al end of the
neckplug is capped Ve\/rljgﬁ 3 'cﬁé)@%%gi%%gea%ga \{%ﬁtlﬁ?clé'tﬁg %’\;g% 8%%@3%@&8 %\%)%vg #l%ﬁé(fésg not pass
through the ap@ttiite t9® fofther tReetsnackrefettiGhqurefbretesy platindawaibedtisst l|ager 114 on the

top surface of €iRwHsShieRNg, sinvstisre paskiddecambinaiienefibeseoharrcipristias gffectively
prevent liquid ¢ryoge ill rom the completed 25 package. Fig. 3 illustrates a two-piece plug
usedin a cryogaégfgllfgos iﬁ)?{?ﬁé&% gciﬂs?g Ig\?vng?%agrﬁgﬁgékp 38‘*15%%%%%‘2%-%?8%%95]%9 fits down
into necktube 1T:6f MatgER'S0088hREDNYESLIToRSEEHIREIR, BrthestigPiof IBRisiitdubel Mbam neckplug

105 is held bet@gerndos MyaeEy e 05 A4 teaEis MY inth A AECsAViRis BbidatRerRerns as
compared to traditional foam based packaging materials. They also help minimize
15 potential damage to the Dewar through shock dispersion. In addition, due to their
structure, the ExpandOS8™ packaging insert materials 160 in use become partially
crushed or deformed as a packing material, with the result being a non-linear,
tortuous path that any leaked cryogenic liquid must travel before it gets to the
outside of the shipping package. This tortuous path helps provide time to
20 vaporize leaked liquid cryogen so that it will not reach the outside of the shipping
package in a liquid state.

Figure 7 also illustrates use of an electronics unit 151 coupled with a
thermaocouple wire 152 for use as a temperature probe, which is discussed in
greater detail below. Electronics unit 151 is protected inside a hollow portion of

25  cardboard packing frame 140 and is inserted therein through a cutout 141.

Tuming now to the methods of the present invention, in an especially
preferred embodiment, the entire ordering and tracking process can be done on-
line by use of a computer via the Internet or a computer network through a web
portal. Although the methods listed below can also be implemented through

30 telephonic or other connections, the ease, speed and tracking abiliies of a
computer network connection, as well as the ability to tie into software for use with

the present invention, make it more efficient than other connections.,



30 is a flexible extension tube 125 (which can be a cord) that fits within secondary absorbent layer 109
that fits outside necktube 104. Extension tube 125 is affixed to foam neck plug 105 and foam disc 121
which sits inside of packing materials 11 108 by Nylon(r) discs 124. Neckplug cap 111 sits atop foam
disc 121 and sits atop polystyrene foam packing materials 108 in which Dewar 100 is cushioned inside
of the box. Ribbon 123 is connected to the top of neckplug cap 111 by grommet 122 to make it easier
to remove the two-piece plug from necktube b4. Thus, the 5 two-piece plug really has one part inside
the necktube of the Dewar, an extension sitting outside that goes through the outer absorbent layer,
and then an upper pi€te trit i inhbke shigmntoarageaskindpmatersddsngndohingiale suctap extending

beyond the holgdhatisRRFESFARY R AEEARFSREATHAN WRIINOEnERE e diaracansiBieion, with its
flexible extensi\%n ube 125, also help Prevent 10 breaka e.o_f.f?am necér Iu% 105 during shipment
i 5

, t .
bocause it allo e IR0 b HVB RSPy RiES TR bR RS EcRBRIS, TR rR0G:
compromising #héppirernpatkegel diiory ropsliescosttreateckplugooint g a4dlhgeratestemaémprovement

made to the fogmnaieHal tisesingide the inarmshelilBlad e BHESREUHANGHUARMg ig noted in U.S.
Patent No. 15 6,467,642, iﬁ is desi{aﬂ%l&that Iasti(;yfoam inside of inner shell 101a be comprised of at

least two foam REGMeT AT SN AeB%biPh E5H ity RRDAPARR 86 AHORE St FRIAEN found that it
is especially prigfaitestitsgifaod thamuséveen hogieyronilsguciuistiostratedd itigatiad that so that

the capillary leBgHipis et SxRaRAE 163G S Al ALCHBIRMMAIMAT 409 SNIRARG IS fovertical or in a
e

20 horizontal djrection. The ho_neg/comb concept of oam is not limited to cryogenic applications but

will work in any RpPiIESils BEUEPLFEDBIT EaiSiRS /5D retain a liquid within a structure and potential
applicatiof® for this stfbetuseciisthnie thitaipaee prdgraentaguinicTotateaigiibitioeds freto. the addition to

the honeycombsifgiaiire his tRRMHEABHNG S PRREIECRIM AP R HECANR ISORLARAS Halsds applied 25

to enhance the structlljral durabilitg of the foam material without materially reducing the volume of liquid

absorbed or mStBHAR GRAY THETRRESr WBESH h P8y RIBRTRS 438 REIFBREHURSERAHER above and in
U.S. Patent Noor@ 4GBt wbhippindecahtaedss s e ippethy thectimievidhtithe theldiatstiane 30

validated by arydERRHPRSRBIRLAD R L aR RRBSiatuKe Ghgl RGHER A Ry phen the

shipping container was maintained in an upright position an ]
15 is to be maintained at all times dufing shipment, and other information that may be

needed to comply with customs or other regulations. During the order process
software will check to insure that any required shipping containers needed to fulfill
the order will be available for the requested shipment date and time and begin the
process of managing all shipments needed to fulfill the customer order and return
20 any shipping containers to a repurposing site so that they can be reused. (If
required shipping containers are not available, the customer may be prompted to
try a different requested shipment date.) '
Once a customer order is confirmed and it is confirmed that any shipping
container needed to fill the customer order is available, the steps necessary to
25  fulfil the order are initiated. These steps can be broken down broadly into
preparing an itinerary of all required shipment legs and placing shipping orders for
each shipment leg, preparing any shipping container needed to fill the customer
order and shipping it to the customer origin point and tracking the entire shipping
process.
30 Creating an itinerary of necessary shipments aliows progress of the
shipping container to be tracked and monitored against projected shipping times

to help ensure that the shipping container reaches the customer destination whiie



10+ days when the shipping container was maintained in an inverted position. In 12 addition, such
shipping containers have been certified to meet IATA requirements to ship biological and infectious
substances and tested in a FedEx(r) packaging engineering laboratory to meet requirements for global
shipping. Figs. 7 and 8 illustrate a second shipping package shown in an upright 5 position. In contrast
to the embodiment illustrated in Fig. 1, this package uses a one piece foam neck plug 105. In addition,
instead of using environmentally sensitive shmping materials, this package uses a paper based
packing system. The shipping package shown in Fig. 7 uses a cardboard packing frame 140 at the
top of the upright pachalgedmsesurathizenstipwhthedéwer upitstiidyeisdl oneldaineih Biga 7, a bottom

packing frame gan, alsp he is6d. Buidbiserieahn additiondacasdnmd RAckiegkame(s), paper

based ExpandOSTM packaging insert materials 160 are used for insulation and shock resistance. The
ExpandOSTM {ABRERHE [ABEFt mHtsrimSTBRF AN Mpe BRbiRGAtE A COIRRPAsREBEfbared to
traditional foanztaged pébkaginggeatérialss Thetedlitdmip mafineizhd Syotemtiakdassatge to the

Dewiar thra gh-shAElJRPUsife R asienaue dadbeik i duis, (e Fapad Orifhaackaging insert

materials 160 in use become partially crushed or deformed as a packing material, with the result being

a non-linear, tORTBEEHEN (HRREHYS e SRy elSiciRRiRFnRTe Tl BEBPIE JAER%e outside of
the shipping packeigs fhbisdsiduey S hgthdobipstips dividentieetbf20vapiorhebéak & Iguideryogen so
that it will not reach theyoutside, of the.shinpiag packagsin liguid sigiepe fHoHEGalsP illustrates

use of an electronics unit 151 coupled with a thermocouple wife 152 for use as a temperature probe,

which is discusB84THare e cHAsNHabie HRERHE HRENARMES1 is protected inside a hollow portion of
25cardboatd packingFamerhg@ amckis insestechéneneier thrglagled cutdubd 4Llistoméaiuonigig now to the

methods of thesgifest Ry BRIO B AR Sediabkare Faes ATTED) e Sk ArdRrng and

tracking process can be done online by use of a computer via the Internét or a computer network
through a web FEH4). KIBAGIGIRTERS SREBRNGIRERNBE Ha AR BEMHIHTCaRN BRrbbjn

timed so that such charging takes place as close as possibie to the time when ihe
shipping cantainer will be picked up for shipping by the shipper o the customer
15  origin point as close as possible to the date and time the customer's material will
be ready for shipment. When the shipping container arrives at the customer origin
point, the customer should already be aware of the anticipated arrival time of the
shipping container and be prepared fo load the customer's temperature controlied
material info the sample chamber of the shipping container and then return the
20 loaded shipping container ta a shipper for its next shipping leg. Again, since the
time for such activity has already been calculated and anticipated, the order for
picking up the shipper has aiready been placed (and verified), and once the
loaded shipping container is picked up at the customer origin poinf, all that
remains is for the shipment o be made to the customer destination according to
25 the order for this shipping leg that was calculated as part of the initial itinerary.
Alternatively, the order for picking up the shipper can be placed once delivery to

the customer origin point is confirmed.
When the various shipping legs go according to schedule, there shouid be
no problem in delivering the customer's temperature controlied material 1o the
30 customer destination in accordance with the initial itinerary developed when the
customer order is accepted. Also, because of the advance planning that goes into

the itinerary, downtimes between shipping events are minimized, which means



30 telephonic or other connections, the ease, speed and tracking abilities of a computer network
connection, as well as the ability to tie into software for use with the present invention, make it more
efficient than other connections. 13 The first step in the shipping process is for a customer to
initiate one or more shipments from one or more customer origin points to one or more customer
destinations. In its simplest form, a customer can initiate a single order of one shipping package from a
single customer origin point to a single custofffer 5 destination. For example, the customer might be a
clinical site that is shipping a patient sample to a lab for testing, Upon initiation of an order, the
customer identifigts iteedf§ anditbterustomeiooremepdintomeihinglodetmethgoe abeoplitigntosample was

obtained and stored, quaitipgShipmenthas walhas hedgcaliones hedakwheir die atient sample is

to be sent. 10When a customer initiates an order certain information is obtained from the customer.

This informatioP &R ERRIB IR P ithfo B 'ORBH IR P IR 5P RisteiRalthiht RYE5B_Ripped, where
it will be shippeges thisiieomnayhe theosartkategneitocatiopordpeitecnatetial oEaae tbehesshipped), the

date and tigpne t{p}g{)nmf%;qggél égtﬁjee%r g%fé?{a%tégment, an acceptable temperature range at which the

material 15 is to be maintai at all'times during shipment, and other information that may be
needed to comply wilR BIRRbIASIBE yaiekPetipRimhieds ifilkg Brneraeplriiciartiofimariatill check to
insure that anystegiigteghippingeentainengingeedstodidfilh erdpsavildeaigyvaiatveatyr the
requested ship e. fop in rocess of agin i n ded to fulfill
the customer O%ﬁ%&%@iﬁﬁﬁ%‘%ﬁg %%qsé)ﬁ?p%pfhg %c%rﬁgpr%r% 0 %r% g&ﬁ%%%%&%?‘%g%%fﬁey can be

reused. (If requife #4$HIPFAGEBRERRTEY HI @ MoDEVETapROYAE F AREN BRI B HHMEIE to try a
different reguesiedssipimecsrdaites) is canpel avtstomergeidanis thertifm eshamntkisisppangirmed that
any shipping c ;@'ﬂ er d_ta,fill (o) 0 is, avajlable, the steps necessary to 25 fulfill
the order are ir%fniateld. %r%?éﬁs%%s?é%égcéunggéﬁ %{;oﬁggr!l’n o%(v?ﬁ' bﬁ@a%lé?‘?ﬁ?é %{f%ﬁa?%g%n%%ﬁgrgry of all
required shipmeRPiEYs RSP IiATSRIFIG BrdBFSEACK aehtaRi e fNBGins deesimy & shipping
container needethtindilthascisstosaesroeden IR EIAPMAEE tadhpCHSIRBRAIAIEIRiRgIALARA tracking the

entire shipping pro . 30Creati itinerary of necessary shipments allows progress of the
shipping contafr%graiggbsgetr%%kqiaugrgg%rnn%onrilt%ar?e ‘ Oasgﬁ’jrgt %E?nggtén 8 Pﬁ:gfriwén ﬁneg t%%?éﬁsﬁ%nsure that
the shippiht) cofRERRE feadhiBserect estonts stiestnminéeratien on a shipping label.

In the shipping packing system shown in Fig. 1, an additional shipping
carton is included within the initial shipping container (see Fig. 8A) that contains
preprinted shipping labels for each additional shipping leg, and flaps of the carton
can be folded so that only one shipping label (for the next shipping leg) is visible

20 atatime. Thus, when the shipping container leaves its original processing site a
Dewar is packaged inside of a shipping box and supported within that box by foam
packing materials. One flap of this box contains a shipping label for the shipment
leg from the customer origin point to a customer destination and another flap of
this box contains a shipping label for the return shipment leg from the customer

25 destination to a reprocessing facility. This shipping box, in turn, is then included
within a second outer shipping box which is used to ship the shipping cortainer
from its original processing site to the customer origin point. When the shipping
container arrives at the customer origin point it is opened and the outer box is
removed, the sample is inserted into the sample chamber and then the inner box

30 is resealed with the customer destination label showing and it is ready for

shipment. When the shipping container arrives at the customer destination point it



14 the sample chamber in the shipping container is still being maintained at a temperature below a
desired maximum temperature or within an acceptable temperature range. This is especially important
because a shipping container charged with a cryogen has a limited lifespan before the cryogen ceases
to 5 maintain its sample chamber at a temperature below its desired maximum temperature. Because
the itinerary is created before the shipping container reaches the customer origin point, the time
needed for each shipping leg can be shorten&d and the limited lifespan of the cryogen can be
maximized by maximizing the efficiency of the various shipments. 10For example, once a customer
order is placeds ammgnae. dheteriaro g poTataattibenaicsarrsrital tnerctigorrEpPEafRgrial will be

ready for shipmenkpepkpRysiarne@f the shipping container with its cryogen (liquid nitrogen) can
be timed so that such.charging {akes place as close ossible to the time when the shipping
container will be pic&@&%&ﬁ%ﬁ?ﬁg%@?tﬁ@@%@%ﬁ &B@B%FB%‘&‘ %W&H%B{ﬁ? %Ss?close as
possible to thetddte sieditied thecuseynages arateifialevibbayeatdpdorashipnisitenVithenlvke shipping
container ayrivesal e rslomenAdaiB-ReINfaHiGs Ui amBeL SR drlRAdN RS AR Akdpe anticipated

arrival time of the shipping container and be prepared to load the customer's tem%erature controlled
material into thE8afipt& é?nﬁ‘@?&‘frﬁléhghiBgﬁH BhiafEMRRIIEN RN 3RS B0IBBREY shipping
container to a shippeef@cisrdiegt shigiplegstegnd\gaengisicied ttrdaiime fok sueckaaupieitydtassalready been

caleulated and aQligigald o sy for Plsiininip i shlBpREL AR SABE BB RIAREKand verified),

and once the loaded shigpln container is picked up at the customer og{gén point, all that remains is for

the shipment t&°bREHARE R L LIEINET HELHARIBRRY HO AR 2 Banddt $E%hipping leg
that was dalculatde aggsan op tht indtiakitindraaiionltelriavily tiibesantie dinyr, gickirigr ugpthe shipper can

be placed oncealiveiydQ e rYomshariginR itk CYMiEthe da)VNRAIRSAHIAUSiPPIng legs

go according to schedule, there should be no problem in delivering the customer's temperature

controlled matéPRi4R TA8 PRSIl B thaR Soiration ah&e Rtk the 3RfiANRiRRRIY Heveloped
when the custamsreiordés ts2aked ptestiliAlspgbecaiudaotih euathraacerigianming thaéwaesdnto the

tinerary, downtias, betueeh SHiRRIngraHe UradRq iRirea L aAB A iR dher s areater

room for error if something does not go according to schedule, Thus, rather than waiting a day or more
between deliveRAF5FHE BRHEHR ARG AT RE IS URPRIER S5 IBMPHISE HEgs RN G HRRh events can
conceivably beadtmestivallyaa sigy wittharsappropeabe ansoftwhcd itnerdgtyegnam having

access to available shipping information. The new order can be placed
automatically or after the reason for deviation from the itinerary has been
investigated and it has been determined that the defay will not adversely affect
20 shipment within a new itinerary timeframe for the customer order. Let us now
assume that this new order,l like the initial order, ends up the same way--with the
shipping container again not being picked up at the scheduled pickup time. Letus
also assume that repeated delays result in a conclusion that shipment cannot be
made within a new itinerary timeframe for the custorner order without adversely
25  affecting the sample because the cryogen in the shipping container does not have
sufficient useful fife left to ensure the temperature of the sample chamber remains
below its desired maximum temperature. At this point there are three options for
dealing with the probiem caused by the delay. The order can be cancelled in its
entirety (which may be better than losing the temperature controlied shipment
30  during shipment due fo excessive heat in the sample chamber). Alternatively,
new crycgen can be added to the shipping container or a new shipping container
can be delivered to the customer origin point for use in filling the customer order



5 them for loading the sample chamber. In order for the various shipping legs to be done most
efficiently, the initial shipping leg to the customer origin point is carefully controlled. Ideally, as already
noted, this initial shipping leg is timed so that a shipping container is delivered to the customer origin
point with a minimum amount of delay between the time that 10 the shipping container is charged with
a cryogen and the time that the shipping container arrives at the customer origin point. In addition,
steps can be taken to simplify, speed up and'énsure the accuracy of the later shipping legs by
preprinting labels for use on each shipping leg so that no additional shipping labels need to be filled
out and so thatndesrrredaaddineianuted intdhheushfphitig Wploeasplacrmenhesiret@ntry of

shipping informajfiesiran a/phiRING akehative 18 HRBSINPPIOGNBFKINOHRY SERM ShAwm4adtg. 1, an
additional shipping carton is mcludeii%%/lthm the initial %hl plngacontalner see Fi 'EGAA th%t contains
preprinted shipBhiF BEERYE EXUFP LR BRAPLHINITAS T B BA S F ¥R CRIESH L B8 folded so

that only one shipgntgdahstdfoertagieyoshippmgHieg)ng visitm@Oiztadimid. rith ks, sdberhothe shipping
container Igaves,jts AHGIAALAIACERHIDIAUR A MRl iSRAekRISdNFiERha-s ipRiRrkRe and

supported within that box by foam packing materials. One flap of this box contains a shipping label for

the shipment |4 TS RIREEOLIBAREHRPNPSARTIBA ¥stomer destination and another flap of this box
contains a shipping |&a¢hdortithe eetigiasimpprapley encthmeastoriger Rbinkestinatidaléysa

reprocessing fagifyoddtis SHIRRINGRAteAD BESh idkes Inchidedyitina SeGANEdAter sajpPing box
which is used to ship the shipping container from its original processing site to the customer origin
point. When thEWﬁgﬁnﬁ‘%Bﬁﬁ?ﬁ%r%’?f@&e%Web&ﬂ BrRYPRIRARS [ReSHRAE S d e outer box

is removetl) thestsapepler igivesertdd atotlibe lseatiptebyhanegetatorg thitimotite, iondelbpxdfiseesealed with
the customer desiinalioy Iahabshauing Anshik ianeadydesshiemantoifaen dhesthigpipg,container

arrives at the customer destination point it 16 is opened, the sample is removed, and then it is

resealed with tFREOVEIPHEBLLIRG Ya ity BI% BSitf IdBlaY sFsWRR Fetectediinng b Knrasgnivly container
allows problemiséridbatishippihg phigesg torieinge rtifedivenepoihein diise, aingropraeessary, steps can

be taken to solygosuchoPIRDRS 1R tiSRENFRnaknR Al the peatiarpf Wﬂﬁh'gﬂ%gg‘%ontainer can

be used to measure the "health” of the shipé)lng container and its sample chamber according to at
least one presERURRFEART SR IPiELERTIRE, Jecliededua R FARIME RI9RR So8stdMMer order
provides that assinpipindegointaintei ptinbevickeiy Ere dp pirey StomienaT igim@oifddayet e me On a given

day and it is thefrect destination. Or, as was noted in the earlier scenario where delay occurred
at the customer origin point, arrangements could be taken to have new cryogen
added to the shipping container or a new shipping container could be delivered to

20 where the shipping container is located due to delay (for exampie, waiting to clear
customs) so that the temperature controlled material can be transferred to the
replacement shipping container with a longer useful life that will allow the
temperature controlled material fo reach the customer destination without damage
caused by excessive temperature.

25 A critical element of the shipping process is the ability to frack the location
of the shipping container. Such location tracking allows verification of pick-up and
delivery and identifies where a shipping container is delayed or to where it might
be misdirected or diverted. In one especially preferred embodiment of the present
invention such tracking is accomplished by use of a wireless location sensor

30 identified with the shipping container during its shipment. The sensor is uniquely
identified with the shipping container and the customer order and can be readily

tracked by computer tracking software as its location is detected. Although the



10 to be picked up at the same location at 3 p.m. the same day, but, for some reason, the shipping
container is not picked up the same day. When the time for pickup has passed, and there is no
confirmation of the pickup, and the shipping container is tracked as still being located at the customer
origin point, a new order can be placed for pickup of the shipping container at the customer origin point
at a 15 later date and time and any subsequent shipping legs in the order itinerary can be
automatically adjusted at the same time by a'sbftware itinerary program having access to available
shipping information. The new order can be placed automatically or after the reason for deviation from
the itinerary halgdséien ffvbstigassy aighit tfagpeitaiasetsrmisrilityattheagisiAping ReM&dVersely affect

20 shipment wighigs %@%&H&Tﬁ'@%é@&fﬁ@%d%&h@e@éﬁ@mﬁb@rﬁﬁfniieﬁécﬁl%rﬂ@%cﬁﬁﬁwaﬂ%that this new
order, like the initial order, ends up the, same way--with the s?@gel%ﬁ cantainer again not being picked
A .

S, W
up at the schedi@® SRS ﬁ%‘éﬁ'@?ﬁ’goé‘?gog%{% KR AR FEHEFPIESE TN a conclusion that
shipment cannot be Maelevayitthiat the dwatine i) ¢istifrangectotaine coigbhier pegéemgititole adversely 25
affecting the sapple berHIPAIRRGIMIISREMNEBEPPIBHeRIRINS L qaesinoldays-Suffisient useful life

left to ensure the temperature of the samPIe chamber remains bﬁlow its desired maxi

: mum
temperature. AFTRRMLIFRTHRNE o7b e 8 Wt dIEfor TRUANY with B8 RO SIS PEETEA ' B the delay.
The order can bedvanceltbdcrpibigntiretyv@uhictreiesyg befmttewihandaiingperesseniiseratire controlled

shipment 30 dyfingsHpMentcls IRARESIIE dariin t@l@nﬁ@ﬁﬁ%’%@&%@mf)ﬂ@ﬁ%&%ﬁ%‘% new
cryogen can be added to the Shiéﬁin container or %new shiﬁalg%cont%ine{?can be delivered to the
n@g |

customer origif FTAPRIPLERTR! fhes SIIRES Srudrie s WG PHINEPF 1SS to the useful
life of the t8plasttissriaifipipiagicogttiashiwing haue rliscratt edintshodene tHeodexaymaligl not result in

damage to the &g, EARE Y RFLALAAL ARG SHRRIRGRERARRIRY I MBIgHaYRid not leave

the customer origin point in a shipsfé?g container that would not be able to 5 maintain the temperature

of such materidBEFE dSsHED ARSI WP HUPRITFe OIF RS KRS RRLESHREP destination.
Rather than a detayton. pibkbmathresysttontaroridinepointibithtr deteiysmayheoccasoippimg shipment
after pickup at fhasisiomel arigirBeiNloERLA*XANNE dhRSDIBPING. COBIRIESHRY Rimehjpped to an

improper destination by the 10 shipper or diverted to another location by a regulatory authority, or

delay may be RFE8816Y) BRFIASSULNIRCEHESHERS Tof STURRIE RIRSHTR 459 s B d5aRT 2 gulatory
authority, As loadedtil@ deimectvatbieselétetiark threokglh knalwiedgdiotitibe lpdatjaudi treeshipping

container at a giveRROYLIBHITE: APRFORIIALR SLSRS caR s, iaken; i neeghhanigsdea} with such delay.

For example, if the shipping 15 container has been misdirected or diverted, an order can be placed for
a new shippingPREGAHBIMAME Pofmiw e RYHEShipBHRY CoPYaIRBY F8MAKFIE AR ATRS TR Coiffect
destination. Orassowalsoten @RBearalligiliseenaiiahieh éreadelayhoecwiied as the chsi@y®@r origin point,
arrangemepts 98&@%9%&@5&?&0 have new cryogen added to the shipping container or a new shipping
container could be délivered to 20 where the shipping container is located due to delay (for example,

waiting to clear custofidP&& R thatRhIpErRENE B ARIBIHIeRIIRS Serissiansréned i the
replacement shigpingooomtasxestingthnfrastigem rseiidiitestiratiwmiial lowdheotemigesaiure exentrolled

material (0 reagh e PUSIGIETARHOYAINTIOL) ALIAGE CRISELY BSSRMGSIRRERIUTe: 254

critical element o ping process Is the a ocation
presently offer free WiFi coverage that are located along many routes where a

25 FedbEx® delivery truck could be expected to travel, an example of which might be
Starbucks® stores. If the wireless location sensor is designed to opportunistically
utilize such WiFi hotspots to send its location via the Internet to a central tracking
program, interim movement of the shipping container can be tracked and, when
such movement is coupled with fixed point detection centers, such as at the

30  customer origin point and destinations, and central warehousing facilities, a good
picture of shipping container's location can be obtained, keeping in mind that



of the shipping container. Such location tracking allows verification of pick-up and delivery and
identifies where a shipping container is delayed or to where it might be misdirected or diverted. In one
especially preferred embodiment of the present invention such tracking is accomplished by use of a
wireless location sensor 30 identified with the shipping container during its shipment. The sensor is
uniguely identified with the shipping container and the customer order and can be readily tracked by
computer tracking software as its location is d8tected. Although the 18 location of the sensor might be
monitored on a continuous basis during some or all of the shipping process, it need not necessarily be
monitored on acutitiinus B basitarsarengs dsaitkingnioritb redid ethty lasgpomighdhengodipling process.

One way that t ' ippi iner might be monitored is to 5 utilize a global
e mﬁégg ARG ENBPINg- AN

positioning system ("GPS") to determine a precise location of the shipping container at any given time.
However, at least at thig presietfeatfowirRies Pretpmpingaousee ) MPtEReabinesrIN greatly
increase its coghrABeqdingly wathiaasieuplilgtheseastiohgudheteritRbg ot descBsag tihethacation of the

PRI Yol B RGO SERet X WP 5 9GRURE LR M Rgrec points

along the shippin t discreet points In time. For examplé, a customer, such as a large
university, biopH&iiig rESSRCATACHR, PBWSritHE 1R& CeBRRhYEtRsoHh seteetor IS hipping
vehicles woulddudsosbayentiew. oviodetesiotald ithnsiChea iaysten itpnaedtl be: passiblefionsietermine
when a shippin ' [ i folg] i al int or 15
destination ancraT o o LS e e LA NS R R BT () venice
that itself can Heewaekdd afdtiendis@initRiespinseisiicheasH shlblialy wasdHetiseanthetbadeliveries are

consolidated assheory einAled itab dlea PREICHIRS RPEHAMRIHNE BRI ShnSiedr & YrFeaican avoid the
present costs assqciated with GPS and utilize available, infrastructute, sych as the FedEx(r) 20delivery
structure. Tot I'(repqeaﬂ%(}?{e&aﬁsgnr? 8%&8%%55?&%%%%%%%%@%? i‘g%i’%“@ H%eﬁe@(ﬁ'?g rely upon an
existing infrastRAEHERS fifighis medhEsy fpkanrfoppbiangistic wireless tracking system can be utilized. For
example, there are nragy7locatians thakiresehapifesdrre Wikicoyespardhabiaser peated along many

routes where a,25 FedEXx(r) delivery truck could be expe to.travel, an example of which might be
Starbucks(r) s%%?%?ﬁg%v}?g estSr %cglt{i%gﬁmsoecr?g %sw(‘fés%’%%ﬁ fBSSB%Srinﬁgﬁéﬁﬂ%‘imagsuch WiFi
hotspots ttPseri@fsvticatioh 142 tightieaxéandno desneathr dukibotiorogrifpainteetkpiugvEident of the

shipping contajpesrnine Hagkeskansh wies seaRMevamshids PoHesrindthbedring detection
centers, such as. att %"Ie 30§§sto€er$rigin§oim and destinations, and central warehousing facilities, a
B POYoTsh

good picture of SHippiRGE: RPN B BRI RESE AiRTRRREP R ainEMOTY

and other components such a various sensors and the like. Electronics 151 is
electrically connected to thermocouple wire 152,
20 After the shipping container has been delivered to the customer destination
it will be returned to a reprocessing center where it can be conditioned for reuse.
To faciiitate efficient return to the reprocessing center it is especially desirable that
the return leg be included in the itinerary associated with a given customer order,
that this return leg with a shipper be booked in connection with the initial customer
25 order (and, if need be, modified when the itinerary is modified) and that a
preprinted label for return to the reprocessing center be included with the shipping
container. Reprocessing of the shipping container heips to minimize landfill waste
and reduce the cost of the overall shipping process. In addition, it can facilitate
verification and accountability when a data log stored within the shipping container
30 is downloaded as part of reprocessing, as will be discussed hereinafter.
Because tracking of the location of the shipping container allows the
shipping progress to be documented and monitored real time by a computer, it



19 continuous and instantaneous tracking is not required to accomplish the goals of the shipping
methods set forth herein. It is envisioned that a wireless location sensor used in the present
invention can be located within the plug inserted into the necktube of the Dewar in the 5 shipping
container. Such location ensures that the location sensor will remain with the Dewar and also allows it
to be combined with other sensor functions disgussed below. However, care must be taken to protect
the sensor from damage that can occur if it comes into contact with liquid nitrogen leaked from the
Dewar. In addition, the wireless location sensor will likely need logic and other 10 sensors to allow it to

be turned on aBThehB5LRPRH §ELAREH AP H AR B ANERIS P BELRRILE Y MSHons prohibit

certain devicestfraeplieikssingethdiising Poctiomsoabh litgtscesulth pevakesfiardyavaliadle in Fig. 7
illustrates a wirg)l ocafi I ctrani 51 a r uple wire 152.
Thermocouple %ﬁ@%% |s?r%%%t%?ﬁ@ﬁ%%ﬂgﬁ%@igIﬁg%téﬁ?o%t\%ﬁthpg g—é%lggggsﬁ’l%?\%wg nglding beneath

the bottom of fEAFTMESEIPRATY 05 hseHEY RS TioER IRRINB A0V iRt Brediyr SETE 4PHRE8 ¥ can include
a housing, printedzeireuiibaardqpaceiesironiezicanpenentsdnalising & pregesses, Themory and other

components such a varigls Sensers ANk RS HPRICS dnhiis Rlgciicalyiconpesiag to
r the shipp eﬁv to th

thermocouple wire 152. 20Afte Ing container has been ere e customér destination
it will be returné@tR5e o sBRty cephshiery ifraPBBIaRENM e RIGSEF FRIEIRate efficient
return to the repsooeissingaentisit i3 Lepeaiplyatesiiakie timtthecteimbelegdednalideettn the itinerary
associated wit ive I . ' r [ )] b oked.in connection
it he il O 8 e R L anc that o

preprinted'Rbe8r SERAE €8RS préGESFAG Blenti iR BTIRad (Bitreatngnipfakgtontimer.

Reprocessing afd¢hieushippingicpiiaingshaips teaninmizedandillcarsigtanasedure thengast of the
overall shippin ] itiQn,.it.c litate verification and accountahility whep a data log
stored within tf?ﬁlg%?%éggﬁglEgﬁfggs@é%%%a%@ %ééég‘r‘]t %%?ggpgcégtsﬁﬁa?bggé\é’vﬁ%& discussed

hereinafter.  SBEPARISBATRIKIAGCOPiISTaHER G IBE teERATBIHRSEBRRAINEPANGRISHAR shipping progress
to be documented and reonitperskrgabiisheaey ategmpuiehgbrature monitor be a wireless

15 temperature sensor that can be combined with the wireless location sensor. This
allows for economy of manufacture and eliminates the need for two separate
wireless devices since both devices can be included in one unit such as
electronics 151. Moreover, when the temperature and location sensors are
integrated into a single unit with data recording, location data can be included with

20 temperature data in the data log.

Once a temperature sensor is included in the shipping container it can also
be used to trigger an alert if a rise in temperature is detected or if the temperature
in the sample chamber goes above a preselected threshold temperature or
outside a preselected temperature range. This function is one way in which the

25  “health” of the shipping container can be monitored and tracked, especially if it is
combined with a location of the shipping container, since the periodic location of
the shipping container itself at a given time interval can be used to determine the
periodic health of the sampie chamber according to at least one preselected
criterion such as, for example, anticipated remaining time required for the shipping

30  container to reach a customer destination. An alert can also be generated upon
detection of a trend predicting that the temperature in the sample chamber will
exceed a preselected threshold temperature within a predetermined time.



21 shipment of the shipping container and/or once the shipping container is returned to reprocessing
facility. Such information could prove especially valuable in dealing with issues relating to liability that
might arise if a specimen is damaged during shipment, or in settling questions relating to whether any
such damage did 5in fact occur during shipment. A data logger can be included in electronics 151.

In order to monitor the temperature of the sample chamber of the shipping container the sample
chamber itself can be monitored (which pres@ﬁﬁs certain technical challenges) or the temperature in
the sample chamber can be monitored by use of a proxy calculation based upon a temperature
reading taken outside\dtidiethax samapic stipingemdtiorditahplightf the tewigeredad rasginlg is taken in

the necktube, asitBple SAIFHRHOR FdIBLISediacRian/ale Ml thie asibplisaRREeradn the sample

chamber will be based upon the distance between the sample chamber and the location of the

temperature seRSB%H'TBIRECIGIRE HYLe A LRR Ah ReRIPeA M RS HTBEF LIRS RIBAINS e a wireless
15 temperaturepsetisodéb atf casrizet chimhiped withrthey wiffdess tocativiiserespedély ahows for

economy of manufaciyreana &liginRieshe me&m@g%w%eswﬁw@%mis@mim@ both devices

can be included in oneunit such as electronics 151, Moreover, when the temperature and location
sensors are intSYPRER IAfbIT SHERETt RRRPEUAL rddbf AR SRS atfoly HEth B3 B TRRAMR with
20temperature atat#hisn theb skedadoigneasbsnoerdstefpxyatwen Senserd sdreladiateihaversitipping

container it canalsp.herisedda,riagerARalsHdf foisedadamnEsAtS i Jsiasied asilihe temperature

in the sample chamber goes above a préselected threshold temEerature oroutside a préselected

temperature rafgeuisdNefXReHSE Sireiiy iFFNRItReEYo8eR of tHPWRgIRRy a8 eliner can be
monitoredi@nd tiiactkege esptraattydbirisczondisoebewitted ncatiopatteisipptedgdattaiger, since the

periodic location gf e, sIRRINQLEONLAINGY #aalt AL aaiveR IMe el AANDGERY L determine the

periodic health of the sample chamber according to at least one preselectéd criterion such as, for
example, anticiGRBHRSHE BB required for the shipping 30 container to reach a customer
destination. An alert gasraisb drpgemneradat! ofote delepiignohainendprasictogbhaidhaitemperature in

th le chayy i - t : ithy . jned time. 22
A urtner acvar e S e AR o, BERS O R e e e o
utilize a si¥art EPHRTERDFRROIGIES HPRINGIEoMAHEHAD mAREHItalf oA A pGakIRS dFstate of

health via wirelessitrackinigeushitgpiagvebnpontal.ildse, eliarsmariahip®reps tm RN stifietent
possibilities, eS&E&B@Q&”A%%%, that can then be used for other purposes. The smart chip can
be included in electronics 152.
So far the shipping methods disclosed herein have been limited to
20 situations in which a single customer origin point ships to a single customer
destination. However, much greater efficiency can be obtained if multiple
customer origin points and/or customer destinations are included within a single
cycle of the shipping container beginning with the point of origin of the shipping
container in which it is charged with a cryogen and ending with arrival of the
25  shipping container at a reprocessing facility. Thus, for example, let us assume
that a particular customer has multiple locations where samples are located that
are going to the same customer destination, or multiple customers are shipping to
the same customer destination, or a customer is shipping samples to mulfiple
destinations, or muitiple customers located at different points within a given
30 location are shipping samples to different points within a second given location
(where the location is a city, state, country or other geographic region). In all such

scenarios, as long as the health of the shipping container is sufficient to



5 a data log function is included. For example, when the shipping container is first shipped and its
cryogen is, essentially, fully charged, its weight can be recorded and then subsequent measurements
of weight can be used to calculate how much cryogen has been discharged and then, based upon the
cryogen remaining, calculate the expected life of the remaining cryogen charge. Knowing the rate of
10 discharge of the cryogen can also be used to compare anticipated discharge against actual
discharge and then use the actual rate of disél@arge to recalculate remaining life of charge. A smart
chip on board of the shipping container can be combined with wireless sensing technology and data
logging to operstgohensgassHititiesdl S ragangdingyeoniosingtand caiipaeatssidanbéndesd, data can be
acquired from ' .fég 5%,1 ' iner jitsel ng tunisti ork discussed
R e B B e

above, that ca . e smart chip can be inc ecCtronics 152.
So far the shipFifgRiReaicReaidtIaesd feiiehrsdse d1¢ IRNiBSIN iSRG AHh8SrewBRIea single
customer originaaing shpseterapping enetisiaregidesiinatian Kiayie viesinnecbrgiaatien affisiency can be
obtained ifgnultiple custoiger ori&inhﬁ)ointis and/ar CLiJStheI‘ estinat'g&;s g{i%nin luded witpin a single

cycle of the ships)aﬁ%a container be mnﬁ?gn&vi%R the %8%1? 0 %Srla'ﬁ]egf €es |pp|ng°cc?nt3%?in which it is

charged with a @RgesinnsitetririyNies ShHRRINGMIRE PoTeHSynsorkarirshirpreblessedsing facility.

Thus, for exam@'%giﬁér@lﬁw@ﬁ&hﬂ?&ﬂﬁ%@&ﬁr@@rtﬂéﬁ@cﬂ @pﬁ@m@étmmgﬁb é@@aﬁeawmenee_samples are
located that are gom to tr}giggrm%& stomer dﬁét's'},"‘,‘t'on ar multlglet stomg&sﬁareishhé%%ng to the

same customer d6&tina |%”n, OF 4 cudtomeris's |pp|r{ngsn cBPetgf?o mu tlrﬂﬁes aeshﬁgﬁons, or multiple

customers locateraibingfafenttiperatbssnshiepgdén o fivehtusieanesaasinayeantipighb kiifferent points

within a segond.gédentagptiendovbereitiedacatieniss clynmtalaoEantyiaaathenggogsaphic region).
In all such scena}\rios as Iog%eas é%?;@%a'th of tht SSQJPFP&L’% containﬁr iso§%f£igiient.to 3 a%commodate
e a ]

additional shippﬁnisaig s?ot?] itional’s 'BPﬁré {€can be made Witlin a sing %ecflrélg ot ffie shipping

container as loS§eA8RA% V28160 RING [HPE s thre nRIESIE cofditirfiteding erntaingondeyithe shipping
method can ber@o@ﬂs%fm%m@lammegéf@eﬁhg@%esﬁmﬁngmﬂm@ siydle froy-giprigination to

a 5 single customer.origin point to a single customer destination to a sin r%%ur sing site to an N
leg shipping ple?ng]'_f’r? W?c h@'%ﬁmr@éruo%zs%i SRy EGSRREES %?ﬁﬁ%iékégaﬁ\‘} {égfﬁi et'Based upon
customer brderghiminpeaniaiobthe shipping container, Furthermore, if a shipping container still has
additional health remainingaadieniichas kegn shinRedio ksdinalcustamensrsiiRatioanitsright be 10
used locally to I(':1(1)IIle(r:rt!ec;}ig;%r%qrt ey tomer am !)es fotr consolidation in a new shi%J in(gr; container that is
beginning its owr ShppIng ¢yc eIOEBUPSE, | TIPS LcBnSPIB8YIRE LRIBBIRARDHE B the
packaging of trRIEiIpFIAGEehthmevariisil empioyoeb ertjasiasystere dhamiodiiiethat defgitional
shlpﬁmg legs, oheestipEMNPRPIdR0s IDiaBbRgLYtHZerrSRIRtethAHNINg dahrlsaleasyaffixed to the
15shipping.container. .
PP 90 above. Computing system 110 can comprise a commercially available system
that executes commercially available operating systems such as Microsoft
Windows®, UNIX or a variant thereof, Linux, a real time operating system and or a
proprietary operating system. The architecture of the computing system may be
adapted, configured and/or designed for integration in the processing system. For
25 example, a computing system might comprise a bus 41102 and/or other
mechanisms for communicating between processors, whether those processors
are integral to the computing system 110 or located in different, perhaps
physically separated subsystems, and device drivers 1103 may provide output
signals used to control internal and external components.
30 A computing system 110 suitable for use in the present invention typically
comprises memory 1106, 1116 that may inciude one or more of random access

mermory ("RAM"), static memory, cache, flash memory and any other suitable type



With reference to Fig. 11, certain methods of the invention can be implemented through use of a
computer or a computer network and certain embodiments of the invention employ a processing
system that includes at least one computing system 110 deployed to perform certain of the steps
described 20 above. Computing system 110 can comprise a commercially available system that
executes commercially available operating systems such as Microsoft Windows(r), UNIX or a variant
thereof, Linux, a real time operating system a?# or a proprietary operating system. The architecture of
the computing system may be adapted, configured and/or designed for integration in the processing
system. For 25 eixsorpls dedtaptitingasy stermonpiit eomrise H bkl biiardfomatiiestimechanisms for
ComMUNiCating Qe AR AL e MRS RIGT ROSAIP dNLegr A indipacamnying system

110 or located in different, perhaps physically separated subsystems, and device drivers 1103 may
provide output ditfithld {seBTs 2o FRPOFHIES IFaR SRS ARYICORMGI SRl ot EbAgRTAYystem 110
suitable for usegackg@rageniomverton ypicatyreonpiges smemeivstleforsl dfdtidatanaytinclude one
or more of tand cess memory ("RAM" ' I c h memory and .any other
suitable typ%g 2 ggf%%g;gagg%Hée%%cg?ﬁ%t%%%g%%ﬁ%ﬁqﬁég %ngclljgsr ﬁB a(t)sor rgﬁéorrrgoyf’nr#ﬂsrﬁ%gtion

mechanism. In BE¥REEm BB MEIRD A % &t et inbi@niieot el 1aACTEID5 may be

fabricated in a ¢atarsethdeWasaand aheoleeARdaR tREMATON Pavkatsl AeroondbLeGirl 16 can be
used for storingeinstagggooqs"{}]aénd g&gﬁg]nast? can cause ope or more &fi rproce§sors 1]1 04 and/or 1105 to

perform a deswe’c(iesrocess ai‘ﬁsmemory i(%or%%sys e US%Q?O?’OST&IHQQU%%S?@% an /?ralyemporary

data such as v&PAHIESSRIE iRtEIRTE GRAB AiforATRYRIAtR HlerageidaMisho Ih sy elufntpasatlition of the
instructionsby BfOSESEPIRENME R PREMENBYFIeMsHL 18-y CORRKSCRAS, Bl IR Gaparate
non-volatile storgge device 114, such as read o 0 memory ("ROM"), flash memory, memory cards
or the like; non-q\?o a??ﬁleys%%r%%@i?ﬁgg%%eéggnﬁéégé fo t?{ec\éusm YR: %rno%%?gg%”rgubrl%ation
mechanism, bufgiagceglialie Beresaisdciendihg asngedopueersahiseriadreeidPBuS 1981, Firewire or
other such bus gaajtiseeaiiipledbie thabus dddi-ar Fhee CcommuisagionMachamisihbiagrvolatile

storage 114 can Q&g%%d fo tnogn% ;fon i uratiﬁp and 15 other.information, %nclud,in instructions
executed by proteeiiiz 1P ANGIRYS FE AR n VotAME S tdTad &L FORNR, SRS HERRe Ffhass storage

device, suth asPHenaigrsiainsk, optdhiadisrirantipos fextrdietk thatnmepisordiréttly andidirectly,
temporarily or sefosPRISRAMIY GoriYed 12 HgyusolhOiad 2IBEComAYEaNas Brahanism and
used for storlngalnsér%%t%%n ts&? bei%xF%usikedanfgrr lce;;g;r?( 104 20and/qr 1{05, as well as other
information. d%rﬁpu_ ng sys?gm 10 may prowc?é‘ dutpdt B4 s%fgﬁ yeiéﬁfi"ﬁcf% typically in a
control panel. IteSR@ENGREMisPrRET ARSI csystienh tnthe doinprig2 onetier moreohaaticBD flat panel
display, a touctyanghdisriay. KesteiwBipsFRILEIRNAY. Rasnadise sy soethesdispigy device that
can be : .
20 and/or 1105, as well as other information.
Computing system 110 may provide an output for a display system 1112,
typically in a control panel. In some embodiments, display system may comprise
one or more of an LCD flat panel display, a touch panel display,
electroluminescent display, plasma display or other display device that can be
25 configured and adapted to receive and display information to a user of the
computing system. Typically, device drivers 1103 can include a display driver,
graphics adapter and/or other modules that maintain a digital representation of a
display and convert the digital representation to a signal for driving a display
system 1112. The computing system 110 may also include logic and software to
30 generate a display signal provided to a remote terminal or different computing
system. An input device can be provided locally or through a remote system. |t

will be appreciated that input and output can be provided from and to a wireless



25 configured and adapted to receive and display information to a user of the computing system.
Typically, device drivers 1103 can include a display driver, graphics adapter and/or other modules that
maintain a digital representation of a display and convert the digital representation to a signal for
driving a display system 1112. The computing system 110 may also include logic and software to 30
generate a display signal provided to a remote terminal or different computing system. An input device
can be provided locally or through a remote 3fstem. It will be appreciated that input and output can be
provided from and to a wireless 25 device such as a PDA, a tablet computer or other system suitable

equipped to displaydhriémages BN prorBletusSipdRor otiéerégineambngibhe atpfpde ivention

provide host sygterlns g\s Y}/ne” as gﬁé)loré%la%eueslecitr(o{wc tags that include a computing system 110, albeit
having 5 differer\?pcg’b Gites &ha capDa inifies. fE‘Snepsy‘stem may generate a shipping order using a

process performed b ertedmpmbagimestentil 1@ iinvigtidenapiavisssostrysioms @ewrlnfisre sequences
of instructions. Q)i SxaBPkRe IS GHANS MR be Siasciiy NapiememanabacnAaning been

received from a computer-readable medium such as a storage device 1114.§xecution of the

sequences of 19REHL CABAC TR I SARRBHRE P it SHEEHY 1106 BT Sne BPIS¥ $Focessors
1104 and/or 1105w perfocasproskassit iy atcordmynio cgstain ddpettsndiitheairventigsnrin certain

embodiments, fRclipAR HAkSe REVISREDKGARGEHSL CHBPUIRASYSTRIBS ek Resdym specific

functions wherein the embedded systems employ a customized combln(g jon of hardware and software

|
to perform a 15753t 8F FPSR iR dEBKE SR Bhe' LSt BIENa PEREHTRTRY B §eMePatS BBSH detection of
a trend predictirepdagtetestimnperstuse i sosagaplevitrahiidr iikesxter dhtie esarreestiofeshold

temperatu{g or iRRSIGH @ FRNSEWINR S RICARISHRINEDEMRdE B RamRe pRRGRRRE0diC location
and temperatur$ §ata re recejved based upon input from, for example, an op ortunl?tlc network 20
connection, the A8 LaLAATR MeTHERTL BOREBL HEB AHHIEING AR PE. AR ERRRAE thle Beriodic health

of the sample dhmnben.actcmeﬁ‘rag‘ltembdﬂa’sgmggfpwﬁeiwtgdmﬁ@éapz@vmmaam&admm I(_aast. one
variable obtaingd e cusimataprefimnuplihd! AMaBHSISRerR etk agplikegmbination of

hardware and software might be used to notify a monitoring agent (which may or 25 may not be a

person) or to gSHERNE BBINEMR S LR R RS R RPh SArd iR aNnA vaMEE AR RsSfMRed to any
specific cambirestionf girbaedinet easksuitrinamtksekavapke, Tdre tderh Htpmpatgemesdad|epoadium” is

used to define ﬂBﬁé&lSﬁiana”}?érﬁ%r’éﬁ?éﬁn@”@x&”ﬂ’{éd?eiﬂﬁb%%i:%”%3-9‘1:%}% R Rigcessor,

particularly 30 where the instructions are to be executed by a processor and/or other peripheral
exceed a preselected threshold temperature” or temperature range within a

predetermined time. In this example, once periodic location and temperature data

are received based upon input from, for example, an opportunistic network

20 connection, the data is saved in memory 1106 or 1118 and then used to

determine the periodic health of the sample chamber according to at least one

presetected criteria.  Criteria can include at least one variable obtained when the

customer order is initiated. If an alert is generated, another combination of

hardware and software might be used to notify a monitoring agent (which may or

25 may not be a person) or {o generate corrective action. Thus, embodiments of the

invention are not limited to any specific combination of hardware circuitry and
software.

The term “compuier-readable medium” is used to define any medium that

can store and provide instructions and other data to a processor, particularly

30  where the instructions are to be executed by a processor and/or other peripheral

of the processing system. Such medium can include non-volatile storage, volatile

storage and transmission media. Non-volatile storage may be embodied on



of the processing system. Such medium can include non-volatile storage, volatile storage and
transmission media. Non-volatile storage may be embodied on 26 media such as optical or magnetic
disks, including DVD, CD-ROM and BluRay. Storage may be provided locally and in physical proximity
to a processor or remotely, typically by use of network connection. Non-volatile storage may be
removable from computing system, as in the example of BluRay, DVD or CD 5 storage or memory
cards or sticks that can be easily connected 8B disconnected from a computer using a standard
interface, including USB, etc. Thus, computer-readable media can include floppy disks, flexible disks,
hard disks, magheiis {ape aampetaebmaghedic miskiy nciGiHg @MB, DRZEOROBIER&E aRpwther optical
medium, punch.cards, paper. ta ical i ith-patterns o AM, PROM,
P ROM, FLAS LB hg G e A e e am which a
computer can reaeptely, HrieRiisvicnTREdaWaRkHON8e 85 colRBMAtR SIRLEERAYBR essing
system and/or cQmRARRNESRI BrRMIRgstusier: Buglk esiadtaRirBlUREyWiIsIBddPa@DViring, coaxial
cables, copper wire and fiber o‘ptics. Trans!tmli(ss#')r}fi{[zgnn"tl)eedieaa clgn %Isoeicr%ggjgg {ylvsiégﬁesc{ggdia such as
radio, acoustic %ﬂ@%&ﬁf\ﬁ?\%%.ylﬁaﬁg?t%u AFradie requency FS fiber optic and infrared (IR) data
communicationamay dsenastsd usingvapigaddestinte Beedrisinding Heab eten ethds B PAEEipate in
providing instruglignsiank datadoiRrRRUisb YIB! ferBfoHIfiel REANYMes theaislibetipns 20 may

initially be retrieved from a magnetic disk of co ter ransmitt er a network or
modem to a coﬁ?ﬁut?&gersyg}a r%%enf%gﬁ%t;cr%%n%@%pﬁ?r%ﬂy %@qét%(ﬁegﬁk ; %l‘%réﬁqt%qorage ora
different part ofrstdine PHSHtOBHY UPRRF EIRRAURSTY. ARYNRHYEIG! SYSErmyhimatieas of
communicgfionHgiayrfagaihat RIMide R MY oFWAS HIBEFFROM) Usigakigiiep ae R a9 tWRIK at can

include a local neglvgrk, a wide area network or some combination of th% two. For example, an
integrated cariridge, or any other medium from Which & compuier can read.

Transmission media can be used to connect elements of the processing
system and/or components of a computing system. Such media can include
twisted pair wiring, coaxial cables, copper wire and fiber optics. Transmission

156  media can also include wireless media such as radio, acoustic and light waves. In
particular radio frequency (RF), fiber optic and infrared (iR) data communications
may be used.

Various forms of computer readable media may pariicipate in providing
instructions and data for execution by a processor. For example, the instructions

20  may initially be retrieved from a magnetic disk of a remote computer and
transmitted over a network or modem to a computing system. The instructions
may optionally be stored in a different storage or a different part of storage prior fo
or during execution.

A compuiing system may include a communication interface that provides

25  iwo-way data communication over a network that can include a local network, a
wide area network or some combination of the two. For example, an integrated
services digital network {ISDN) may used in combination with a local area network
(LAN). [n another example, a LAN may include a wireless link. A nefwork link
typically provides data communication through one or more networks {o other data

30 devices. For example, a network link may provide a connection through a local

network to a host computer or to a wide are network such as the Internet. A local



services digital network (ISDN) may used in combination with a local area network (LAN). In another
example, a LAN may include a wireless link. A network link typically provides data communication
through one or more networks to other data 30 devices. For example, a network link may provide a
connection through a local network to a host computer or to a wide are network such as the Internet. A
local 27 network and the Internet may both use electrical, electromagnetic or optical signals that carry
digital data streams. A computing systemzt?an use one or more networks to send messages and
data, including program code and other information. In the Internet example, a 5 server might transmit
a requested codetiorkarepiticativerpebgras betbugsetiieritoneienyonagredieiva inn&sponse a
downloaded apglicatioRaihal-Rrayeasiies heanagtomical delineation described in the examples above.
The received code may be executed by a E:ocessor Additional Descriptions of Certain Aspects of the

Invention 10The fore§ofRG BEEEHBYRIRD SAIhESH IBRMEAMGTE MRVIIER 1o FONMERSRIRS A not limiting.
For example, thiate skilleihin gheyertrwibdep prelctdbestlirfotheiiove ntrotheantbmetr ezticgdewith various

combinatiogs of I fupetioqaliias and. ee@@t@oﬁg%f:rémegp%h%@%g%r{ﬁllagl&hfqr%er or
G

additional components than described above. Certain additional aspects and features of the invention

15 are further sEH561h BANRY G BESHNRRE @Wﬁ‘ﬂ?@?ﬂr?&Rﬂ'ﬁﬁHﬂ%‘ﬁ‘ﬁcﬂ”(?Bm%%F@nts described
in more detail abeaaswidi bielapptec atestfiysth osthslakech piethetana fi€ hdeavgitadgiudey the present

disclosure. may be executed by a processor.

Additional Descriptions of Certain Aspects of the Invenfion

10 The foregoing descriptions of the invention are intended to be illustrative
and not limiting. For example, those skilled in the art will appreciate that the
invention can be practiced with various combinations of the functionalities and
capabilities described above, and can include fewer or additional components
than described above. Certain additional aspects and features of the invention

15 are further set forth below, and can be obtained using the functionalities and
components described in more detail above, as will be appreciated by those
skilled in the art after being taught by the present disclosure.

Certain embodiments of the invention provide systems and methods for

tracking objects in motion and/or fransit. In some of these embodiments, the

20  object comprises a shipping container. In some of these embodiments, the object
comprises a vehicle that transports products and materials. Typically, the object
encounters networks at various points while in transit. The object may be
inferrogated by devices connected {0 the network upon establishment of
connegction between the object and the network. In some embodiments, the

25 object may also proactively transmit information through the network upon
determining presence of a suitable network and negotiating a connection with the
network. The object may transmit information using standard and proprietary
network protocols in a connection-based or connectionless mode of operation.
The object may use telecommunication networks to send, for example, short

30 messages and/or units of data.

In some of these embodiments, the object comprises an environmentally

controlied container. For example, a temperature-controlled chamber may be



“Certain embodiments of the invention provide systems and methods for tracking objects in motion
and/or transit. In some of these embodiments, the 20 object comprises a shipping container. In some
of these embodiments, the object comprises a vehicle that transports products and materials.
Typically, the object encounters networks at various points while in transit. The object may be
interrogated by devices connected to the network upon establishment of connection between the
object and the network. In some embodimen#8 the 25 object may also proactively transmit information
through the network upon determining presence of a suitable network and negotiating a connection
with the netwogko¥iledobiiect imaygdnéaisenit rdmpaation vsigdsteordaitbding pngpuathinatietwork
protocols in a canggelignased SLapuerlienleaRmOdR of GREIAUARAT hEBRIEC Mg se
telecommunication networks to send, for example, short 30 messages anc?/or units of data. In
some of these Bfftsstinasisidiane sisjegerdnfyrreshf davitaiiathtafeYEstismerptsHaiatr. For
example, a temperpisontrolled chamber may be 28 provided within the container. Temperature

n .comb'nagion of electrothermal electroghem'{gal ang/or elec{tromechanical
d?/ %a :.men{s ods, for Of

may be controlled by
2 Coain Rmpeiments Compies’ aVeterms, <nil maliods or erertonng o of the

13l {am
means. In Some embodiments, Tiquid hi

chamber. 5Cert&PREIRB CEPHBG RABSAIY ety seimringhd RrstTAiRFeaibairaRsgiresfiifiAg cooling
capacity of the epniniteebiemenbags9dhaggeapagiBbrAM DD erleyEieshinsecsmpanitary charge,
available quuida%iérgg‘%n ambieqt terﬂpeg?ttwee eangngéger factors. In son]? of the eo%rga%giments,

L ! r¥actors.” in some ? 1mengs, rer]pﬁ]mrf\g ife can_?s .
remaining life can also includé an assesSment of one or more of the following: the amount of time a

container, 10 fiisRSaREFBEDRIONE M A areeidhedaisvmnahthamogenbpElomekaneizioeteration to

which the1gbjegtaneiysianéiaeiimexppsedrianien! ienparmitessibewrightedithsteriect, volume
of the chambert, cont%%s of the chamber qn.d estimates 8f these factors. In some of the
o wWhic a a n ? %

Obgl t and/or co a(tﬂar IS gxnose éemg§r8 r(%%p ?&@l %?the object.

embodiments, a visual indication o /t e conditiorn an rem’a?ﬂ?ﬁberﬂ
15Certain emb®diigcPis e HRUMecttibe phevitersyomanisasidtimeathany o coparstingtemof

environmentalligeatatad. Clagshes . of e ebienbBrmNEUde BUNNRERSING 48 ik BhatBRChine
readable storage evice tha[.‘f%nabl sa E{?CGS or aingain and receive pre-programmed instructions
|

determining power%@r?f%rf SRS \‘?v REHE o%?etcﬁ s }SSF‘ne of these embodiments, on/off times may
be 20 spéeified that @atiaipaaebodireataithihzyivfagpornmiste apsteork eodneetiens. forsome of

these embodingatatifgastr RARIETRAYE eBREHIRE AR ABLRrMING WIRRILIOKEGOrAReRSOr

parameter. The instructions may be generated based on a comparison of observed data compared to
an analysis of ﬁfgf@ﬁég\giﬁﬁ)vﬂﬁ?a%% AR 433 HITS AR O NG R R e & BFR 25 Silar route to

the object in maintain and receive pre-programmed instructions determining power control

associated with the object. In some of these embodiments, on/off times may be

20  specified that anticipate future availability of opportunistic network connections. in

some of these embodiments, requirements may be specified that determine when

to record a sensor parameter. The instructions may be generated based on a

comparison of observed data compared to an analysis of historical information

gathered by other monitoring devices traversing a similar route to the object in

25 transit. The route may lie between cities, states and countries. The route may
equally jie between points in a buiiding.

in some of these embodiments, a control device provided in the object can

decide when the device must not transmit, e.g. when aboard an airplane. In some

of these embodiments, on/off determination is accomplished by means of an

30  analysis of elapsed time, location (see location), in response to monitored sensor

inputs (temp, altitude, vibration, vibration, RF frequency detection (speech, jet

engines, machinery etc.), exposure to magnetic fields, orientation, presence or



25 transit. The route may lie between cities, states and countries. The route may equally lie between
points in a building. In some of these embodiments, a control device provided in the object can
decide when the device must not transmit, e.g. when aboard an airplane. In some of these
embodiments, on/off determination is accomplished by means of an 30 analysis of elapsed time,
location (see location), in response to monitored sensor inputs (temp, altitude, vibration, vibration, RF
frequency detection (speech, jet engines, maéHinery etc.), exposure to magnetic fields, orientation,
presence or 29 absence of (i) light or lighting with detectable characteristics (i.e. Kelvin), or absence
thereof, and (ii)dbygexierofl(iciph aordightng dedhvidetnsighiti chareiwtsmsREEcokeivimications, or the

detection of cerialuRE frenuancies el eupinAlin, AL c5 o, REMA: ASkHERS. A ARNGE of these

embodiments, location of the object may be determined at various points during transit. A monitoring
system may deRFFAFETBINRREPIReabERRRRsTIAR SlreRRR o ffemngissar fRisieiralrmation in a
wireless emissiggrarmirpsprisaiinedsF, infrared, magnetic etc), which has a known and previously

determinedglocation. his e . accamplined DYMaANS 1A SBle fegeivedbOniagempission andlor

by a series of related and/or unrelated emissions ‘and/or transmissions. A monitoring system may
further determiry@'8ium P fte JoEREFEOP%N AbjEERIRIIESrRYERY BaX rHESIRRfoRM itdN (PPovided by
_handlers of theiemﬁha_ﬁ ay: mdgpaaie@:r@m_qadasmmmmymm|¢ @ﬁmf@é@&ﬁrﬁsﬁogl Iocatic_)n
information or lacation jdentficarionsmade Rudnlarenes gradustion Jram,sgag ARgesig pformation
and/or the fusion of scan code information with other sensor or networ m%rmat on.  [nsome of
these embodim@&HETERDINESHRT sySie MR tePMrIENSHike MAR R CAfoRtFIaksB/EeE using a
global positioningraysisan GiR&br byyRi- IE2riegadenel At pre-pesitionedihelassanis aanaior by cellular
network triangujation.. S € | itorin etermine or infer
the location ofﬂ%%%%%%vﬁ%hi%%ﬁ%?ﬁé 8?%&%%?&?@%1?ﬁ%@@ggﬁﬁ%@gﬁﬁé@%ﬁie@d Signal

Strength IndicafBrRPIEREM PR aHtREIFTSAHSI IBCERaYan (MOdseriRynhailest pidhe fbifsteivers. In
some of these embgditneiartzsnositanNEhey SietmatytelpidBIReOmprises actual location

information or location identifications made by inference or deduction from scan
19 code information and/or the fusion of scan code information with other sensor or
network information,

In some of these embodiments, a monitoring system may determine or
infer the location of an object using a global positioning system (GPS), by RFID
‘readers” at pre-positioned “choke points” and/or by cellular network triangulation.

20 In some of these embodiments, a monitoring system may determine or infer the
location of an object within a building or finite area by means of an analysis of
Received Signal Strength Indications (RSS! or Time Differential of Arrival (TDOA)
from one or more fransceivers.

in some of these embodiments, a monitoring system may determine or

25 infer the location of an object using an estimate of where the object should be
based on the time elapsed since the object departed its point of origin. in some of
these embodiments, a menitoring systermn may determine or infer the location of an
object by observing the number of "hops” and duration of each hop, in a shipment
as defined by a barometer detecting ascension to altitude.

30 in some of these embodiments, data can be collected from a plurality of
objects in transit using one or more networks. The process of information
gathering or data harvesting from these objects will be referred to here as “data



25 infer the location of an object using an estimate of where the object should be based on the time
elapsed since the object departed its point of origin. In some of these embodiments, a monitoring
system may determine or infer the location of an object by observing the number of "hops" and
duration of each hop, in a shipment as defined by a barometer detecting ascension to altitude. 30In
some of these embodiments, data can be collected from a plurality of objects in transit using one or
more networks. The process of information g&thering or data harvesting from these objects will be
referred to here as "data 30 backhaul." Data may be harvested by means of a continuous wireless
network (WLAN)acghagctiDatsuchyds GaRSted WikiadqSof examytileuansl/ovithieasgmpiwpase-built data

collection agenigplagedfhHLHRALY(E-S PR ONRARREN O AUMEIAM ALPUAEHR

"choke-points" along the route of a shipping lane. 5 In some of these embodiments, data may be
harvested by mB4RE ST Bifpb Satafistiechenagrttoriaetd dhdiE ot FS i RaNEs M beeur ()
when the objectxaiises dhe avaitabgity cickderptsasions transiatkt diANpiidNagents at any time

during theitourney. (1} whed WOAIDUR SNRCLR £XIAIGRINTALRR A0ORY sact otier (acho)

such that the first object that reaches a 10 network connection uploa from all other
objects it encoutREPEYTIF s TEHYAKY CAREHIPHIr JHERCRHEBRBC AT RUIRG TRV RFSHESWHIRB come in
proximity to an tizjetieMclheddata colistatinity agentsmpayabe gpurpesiefis A amadi ergenkehicle or
worn by a pers r animal. [ iments.of [nyenti id rt . manitoring, 15
tracking and co%rt;ro ﬂ% {@[)@jeé%g ri"tr?t?g%g?g‘lgﬁ]%%orﬁgl) n\&@&{bg\ﬁcirﬁg %ré)r %ﬂ_ §bj%%}%o%%&% OFE%" such that
available compﬂifﬁﬁr\@q%%&‘&ﬁ% SRl SEaRPHS, pBroIRaiEE it iale@ashes dographically

diverse maanemisiwrekabiityclidreuptssakigyrbetdesignedfoteadbhalsncng siddaudlirasovery such
that a failing sepygr (s, remPMRANIGMFHIVIGE 896 télﬁé@feﬁﬁ'@ﬁ&%&‘%ﬁi&ﬁ%%%@ﬁﬁ_ ﬁ‘;%‘%f@ﬂ fpe 20

processing load until service an be restored. Certain portals'may provide real-ti itoring of
system internal@MafrisGerikests ﬂéi%&oﬂﬁ?t%pﬂ%@gdf‘% g RHEFACER WM HEBHCRRIGh upon such
detection. In sonedicktbeserembagirsmier arwizard is provided to assist with data entry: in-grid editing

may be provi_ded to SiE},Q{H%, d%@@&&lméﬁ do\{_a“%aﬁigvrggg C;gforrrg\;:}t'gnaon &QP%}EQAH%%C’,%N a
per-form basis. In some of these embodiments, automatic generation of customs hd regulatory

documentafion 5K aRE SAPERN ORI teaRibe phovierstal tiae dieetiativagdginha need for the
customer to prepawsUehddciteniationinsienegianywil aaoulex s B RRK. Sameref these

embodiments Cgm%gnce or deployed in a geographically diverse manner for reliability. The
portal may be designed for load-balancing and fault-recovery such that a failing
server is removed from service and the remaining “twin” assumes 100% of the
20 processing load until service an be restored. Certain portals may provide real-
time monitoring of system internals, and services to detect any stoppage of the
system and alarm notification upon such detection. In some of these
embodiments, a wizard is provided to assist with data entry: in-grid editing may be
provided to simplify data entry and validation of information on a per-field instead

25  of a per-form basis.
in some of these embodiments, automatic generation of customs and
regulatory documentation that will accompany the shipment can be provided,
thereby eliminating the need for the customer to prepare such documentation in
connection with complex shipments. Some of these embodiments comprise
30 programmatic creation of a “Shipping Plan” which contains all of the necessary
steps and shipping procedures to complete the order, essentially constructing a
work-flow model or required steps to completion. Some of these embodiments



30 programmatic creation of a "Shipping Plan" which contains all of the necessary steps and shipping
procedures to complete the order, essentially constructing a work-flow model or required steps to
completion. Some of these embodiments 31 comprise methods for Analyzing scan codes to
determine if a shipment is progressing according to the dates and milestones expected by the shipping
plan. Some of these embodiments comprise "learning” features which can operate by means of
analysis of scan codes over time so as to "pr@ﬂle" a shipping lane and 5comparing actual versus
expected shipping activities and details. Some of these embodiments provide a system that is
capable of to progranss atietiyde-figsiinglyeipgas cadecsdryespaisternorgath enslipskidtions.

Moreover, the %@%&%ﬂa&&a«a&%&é BERssAmIMAtcabracograting B) i SiGedadhrspustomer or

business partner, for all services covering all legs contained 10within a single order. Some of these

embodiments pRATEPESSHRAPRLIRRMG SHERIRMAGRRIRA: Sausfo 2RAIVER FPE e fuous
process of statistically @adocalgdingbsanatydrrgaksdive ¢ sensor watlkos slupptgnis@mdrscan codes

over time s@ asé&ﬁ&?%%t@a*%@@é’é%@éﬁ Q{mqmgmgg% thatzepresents the typical, mean,

average, 15 best or worst conditions observed o ane as measured by time, sensar readings,
network information anaM§c&fiofeTheE QRITMEELT BroyfsminSHEsn) ifiat fiafaPeRipphigianomaly has
occurred basedporgcampaticadiyobszsubt datsealithr iestoinc ed grofde stcadak anterinalslehdidhare applied to

the observed vagRyi,GupaRtes) INAMAYS oaaISETalNS doRih RHEREMIOTEAS ARy RS ABRd" human

20intervention is required. n some’embodiments, exceptions can be inferred when any data

received from th2 BEVRIEBMGEREAUENSRHPRIBENIEA AL G HLTHT COMRIBR A WRAS COPERIPET expected

values as tietermithedalpngteosrdealysis and inferences derived from similar shipments, over identical or

similar routes, with Iikg&p&e&i‘t%@gg énﬁj&&é‘%@%%(ée e)ggbtﬁabéﬂ dﬁ_H#&ﬂﬁ’H%Btﬁm%éBSr%‘{ﬁ““O” provide

systems and methods for tracking objects in transit. Some embodimentS comprise measuring at least
one environmeeFRIRGiIAOANSED & B reslinbyusropgest iff riatsical el aee e AMbERENts
comprise detectihsethiedosesemae aficgs adiationt retiveckraccsssitver3thy sheashiectnSaroe

embodiments CQRaRHRe; MARF N NG IIREBREARRSEXE G Lsents the typical, mean, average,
156 best or worst conditions observed of the lane as measured by time, sensor
readings, network information and location. The system can programmatically
infer that a shipping anomaly has occurred based on comparing observed data
with historical profiles, and internal “rules” are applied to the observed versus
expected information to determine if an exception has occurred and if human
20 intervention is required.

In some embodiments, exceptions can be inferred when any data received
from the device or vendor system is béjie'ved to be un-correlated with respect to
expected values as determined by pri'br analysis and inferences derived from
similar shipments, over identical or similar routes, with like objects and their

25  contents. _

Certain embodiments of the invention provide systems and methods for
tracking objects in transit. Some embodiments comprise measuring at least one
environmental condition experienced by an object in transit Some of these
embodiments comprise detecting the presence of an adjacent network accessible

30 by the object. Some embodiments comprise transmitting information associated

with the object through the network in response to detecting an adjacent network.



with the object through the network in response to detecting an adjacent network. 32 In some of these
embodiments, the transmitted information includes an object identification and a history of
measurements of the environmental condition. In some of these embodiments, the step of
detecting is performed after the object is moved from a first location to a second location. Some of
these 5 embodiments comprise determining that the object has been moved based on a loss of
connection with the adjacent network. Some é#these embodiments comprise identifying the physical
location of the object, wherein the step of transmitting information includes transmitting an
identification of thephysitahtseationoSiometaf thedmemibitelimeiteatonpiistutdentifyivigjébe physical

ocation of 10 the.ARieatéh BAgerAidnaraten MARERALY A MEART BL I adiacent network.

In some of these embodiments, identifying the physical location of the object is performed by a
tracking device attacH8d'te’ St Emradime us tfssatenpisiniping 'smedasnst aleisihating
information is pebfecéad tnythe tracking fieviceatisomezotdaese embnsimeatacthe meslidng device

includes a girelggddsenROrSARIA RO RSHOTRNE BRI S50, molbAYDEA' dhese

embodiments, the object is a shipping containet comprising a temperature con _ chamber
accessed throulfisa?oFeRNsgiLRd W%' l\eFBFh preRfRRkinRf MR ic SRRt LENBETD &PRARfMENSeals the
opening. In somerpiiseseeitiyodintentshivizdibjecitisra shiprRingopitaimersiaMREisifghack0

temperature coglaliAfkRARARN ARG eI YARG RS INT ARG Lagag device is

attached to a plug that seals the opening. In some of theSe embodiments, the aeie%s?f one
environmental (TRiRBERER AELESmensarintaih serriire [WRAlIRG ambwrigateedinfoled chamber
and the mé@suted tesiepeiatbasds deteriminatidoyrazseapeadtbat presmisesfom mboftppesirface of the

25 plug a predefged,AARcs Ahe chamhel.dn ot 86 eseRmbadients dhe at least one

environmental condition includes a plurality of temperatures within't mperature controlled

chamber, wher@R{est 18 R QmRAM et iarIfaRy O eerafiashast & throabigsti e maseidtimsene measured
temperature anehebtaineofstemmpeatapuce gradiamnisg atorarih ok thegerpbeginntsdhggistory of

measutements SARB! P SSARAGH HREIE LR BRI 4R SRHRRIRG S8R AR s Ui 2l s
15 sensor configured to perform the detecting step.

In some of these embodiments, the object is a shipping container
comprising a temperature controlled chamber accessed through an opening and
wherein the tracking device is attached to a plug that seals the opening. In some
of these embodimenis, the object is a shipping container comprising a

20  temperature controlled chamber accessed through an opening and wherein the

| tracking device is attached to a plug that seals the opening. In some of these
embodiments, the at least one environmental condition includes a measured
temperature within the temperature controlled chamber and the measured
temperature is determined by a sensor that protrudes from a bottom surface of the

25  plug a predetermined distance into the chamber. in some of these embodiments,
the at least one environmental condition includes a plurality of temperatures within
the temperature controlled chamber, wherein at least some of the plurality of
femperatures are calculated based on the measured temperatﬁre and a table of
temperature gradients. _

30 in some of these embodiments, the history of measurements comprises
measurements obtained at a selected sample rate. Some of these embodiments

comprise comparing the history of measurements with a set of expected



comprise comparing the history of measurements with a set of expected 33 measurements, wherein
the history of measurements. Some of these embodiments comprise generating an alarm when the
history measurements deviate from the expected measurements by more than a maximum tolerance
value. In some of these embodiments, the sample rate is adjusted based on the 5 time separation of
corresponding expected measurements. In some of these embodiments, the weight of the object is
determined by a sensor mounted in an enginééred cavity in the bottom of the container so as to
provide a stable weight measurement when the box is not seated in an upright orientation. In some of
these embodimests, taeareig htvaidinobject isistsad tof 10reaisulate:resnaiBomgeanad utitederefrigerant
and the useful I ol he.gRld sinrage maining: I same ol s emhadimsnis.heisiant of the
Dewar is determined from automated Scan code information received front a shipping company, and
the remaining lif®\ & Bl PR aIMIBEASCEDRING\RYSHRE dhaReacEmbBiinielsaeetprise
electronics ande@isols séiaehsdrisd 2inteaimtadsinte & MaECHRIIS av|Gstel IsyBE &1 these
embodimeqii(s, t{.]n%eaééea%ts%na COfrth ng}%ctronicsc?g sensors are encapsulated into a plug that fits
into the neck of 4 €hamber e.g. ofa %’ewa{ﬁq fRRSe B}etﬁseusrgne}?nnb%diments, a temperature sensor
protrudes a short distiingenfronh s eithedonents piig waisht spiseobinstysatieemineddtents of the
chamber. In somgefrthrssembodimaiivedRicrapryatitecobdiera asttend cimemierninad with reference

to atable of aragigiis , «JASQUDE A" dese, mbRCRENS, Monaring deyies may entor periods of
over or under sampling in response to the need to record information with more resofutfon or fidelity. In

some of these ERfSBRfiATerRs SarapipfphsHe pnbediednitto i weigledtthiee ahigstio SHipthént, and the

progress ofthe @iipraenicis ananiieragusb sne R Ai0RBelsted Ifd eSRRBTDIWP demgtions from
expected obseryations. In some of f“ase em o%iments this inf%n}a}ﬂoréand analé/sis ma
B5 1017 0

be
accomplished s‘gfé‘ﬁ}%ri/gthé“ 8{}?&‘? gyet%eeep%r PR REERTE the TV Wo }ﬁmgﬁ ther.

or'in-combin
Certain embodifffeh@uETTIREm et o BrOIGETSListe (R eiMadniatod sstiprinig e anBBwBbaportal controller

automatically seherifemm@igkun fer pdirtitesinibr $RiR-olandy response to a determination from
scan code or other Seé]é}s‘r%é %?Eﬁetgg ter%bodiments comprise electronics and sensors attached or
15 integrated into a monitoring device. In some of these embodiments, the at least
some of the electronics and sensors are encapsulated into a plug that fits into the
neck of a chamber (e.g. of a Dewar). In some of these embodiments, a
femperature sensor protrudes a short distance from the bottom of the plug intc a
space cavity above the contents of the chamber. In some of these embodiments,
20 temperature of the contents is determined with reference fo a table of gradients.

In some of these embodiments, monitoring device may enter pericds of
over or under sampling in response to the need to record information with more
resolution or fidelity. In some of these embodiments, a ship profile is Ioaded into
the device at the time of shipment, and the progress of the shipment is monitored

25 and alarms are generated in response to deviations from expected observations.
In some of these embodiments, this information and analysis may be
accompiished solely by the device, by the portal or in combination of the two
working together.

Certain embodiments of the invention provide systems and methods in which a

30  web portal controller automatically schedules a pickup for a next leg in the ship

plan in response to a determination from scan code or other sensor data that a



34 previous leg has been delivered, and where the time elapsed between the two can be varied by the
customer or portal. Certain embodiments of the invention provide systems and methods for
tracking an object while the object is in transit. Some of these embodiments 5 comprise providing a
shippable object with an electronic tag. In some of these embodiments, the electronic tag is configured
to periodically measure at least one environmental condition experienced by the shippable object. In
some of these embodiments, the electronic talfis configured to detect the presence of one or more
networks accessible by the electronic tag. In some of these embodiments, 10 the electronic tag is
configured to traramiisnigraatieerasshaiadedaniyHaeeshio pale @ lapject thteagh thetableast one
accessible networ le ible network is detected. In some of these embodiments,
the transmitteﬁ%fg?\?{nggi%yr%ﬁcﬁéggﬁ %ﬁﬁgﬁﬁ ication of the shippable object and a history of at least
one measurement of frstERvRBRATERRItE AR ANYANSOM EEViHe Sy IS MEniedIRaRYS deEessible
networks includezWif, s&llstascenshiatelbtenebyvarks. fasamenihese petRodinRatimnatseessible

networks |n5cllude networks h vm% ns?ﬁena r}/é)'% %c?tn\g;/ r pas V\é%gjngr atﬁctlpn. Irrlnsorr}zef\ of these

. comprise providin th an e . s0me nese
embodimerits, dCcessI [ hEWSrRsSNERE n&WGTKE Tor WINEH encryption Qeys Shdlor passwords are

available to theTheg MO g olecEoRie a8 iRcasfivssdmianadispliyepresefopidesishihie accessible

networks is detgstedrmfigitinesitinpaiembistids ByonedsipPppIirshjesatinn deresscargddocation. In

some of these emggéillments the Flectronlgataglg C nfl%getg 'g) %%‘ietrr%'mrnﬁ%etrqgt t{i}}e shlp(pable object

=) enis” the efegironic ofnigu ne or
has been moved based on a 10ss of connection With & prewous‘?ly Gccessitie network: T 8ome of these

embodiments, ZFPenEtiAt IRCpRESEIscRY GheRiesk PRl dagetitosRE M SlLite s erereitpentfetwork

accessiblei o thaelericppitctaggviilecBigighinpablerahiact imisriransh balvnendwaphygigally remote
locations. In some of tpeg em odlmﬁ:‘nts, thT ﬁqglsch!r%né% é%gskgigurth% cgrwwgre Jo identify a physical

location of the S%IBB%. e object ggggcié?eedaév eath measuiament of the' envirornental tondition. In

some of these 30cessiblgdneior, igdietestathg theanferhfikae inolbddiseaissihietingnsmitesal locations

associated withimgastsemenisel somenafitaess emhodimsnisctiieshingrble bisst spgiprises a
shipping contaipers p%\rliiéwgm% temg%rg%yrefc rgrgl{l}gﬁ&haﬁm& r 35 ga{}::d wh%rein the el}eﬁ?t%onic tag
[ i ai “Ihe ' least o8 e Norffightal condition

comprises a ww%?ess _sensoriﬁn some o theSeembo ments,?ﬂ
includes alfempserbadieeriith areassiiatnatvesierdidddehdifbecelivisomrd fatedide oetivodisnents, the

history of meastirgprents GREPBAASBIRRAIY ABEASINDANIRERS theRlesiRshianP Il no
encryption and/or password protection. In some of these embodiments,
accessible networks include networks for which encryption keys and/or passwords
are available to the electronic tag.

20 In some of these embodiments, presence of one or more accessible
networks is detected after the shippable object is moved from a first location to a
second location. In some of these embodiments, the electronic tag is configured
o determining that the shippable object has been moved based on a loss of
connection with a previously accessible network. in some of these embodiments,

25 detecting the presence of one or more networks inciudes detecting a network
accessible to the electronic tag while the shippable object is in transit between two
physically remote locations. In some of these embodiments, the electronic tag is
further configured to identify a physical location of the shippable object associated
with each measurement of the environmental condition. In some of these

30 embodiments, transmitting the information includes transmitting physical locations
associated with measurements. In some of these embodiments, the shippable

object comprises a shipping container having a temperature controlled chamber



5Some of these embodiments further comprise comparing the history of measurements with a set of
expected measurements. Some of these embodiments comprise generating an alarm when the history
of measurements deviates from the set of expected measurements by more than a maximum
tolerance value. In some of these embodiments, the sample rate is adjusted 10based on a preselected
variable and the physical location is identified based on identity of the at least one accessible network.
While the invention has been described hereig®with reference to certain preferred embodiments, those
embodiments have been presented by way of 15 example only, and not to limit the scope of the
invention. Additadaiveeantiodimeesitstapal fusid eompriifis atiovice ass algsosposdiblecimalté thative

embodiments ”@ﬁ%@‘urﬁ@n‘?@,‘f@éﬁ%é@?éﬁé@ﬂkﬁ%Hﬁa%‘rﬁa%d?\%\ﬂﬂﬂ haheesiteh iRisdeiated

description. For example, once a smart chip with a wireless transmitter is included in the shipping

containers usedSclrafBiEREHRIRD FoHBEEfbEY 988IAT thesentabostinanis dhe Mire¥ss
transmitter couldf besasedrfentnaoy pdsit ongd puepases oirtediaiedite aabca s bipmpentaed temperature

controlled ngaterials. %%ae%%%ﬁ%ﬁ%@%%g gpmggrgaogﬁ(%g&r h W%eiﬂiﬁﬁgd %? adopted for

other logistical supply chains. Ac ly, since the shipping met scribed in are especially
well suited for alMGHTHAEBIE VR WHpdtePEoftlar¥PaaGRioMaZSS RARIES coufiMSe pfolied by such
software. As anemardiplentsaropptsesgdhweringoatdd@msetido generstefasmesmedaddas customs and

to comply with iaglalery iU es apcin camplRie: UL (9B S)aserunh tie fgaiaphs of material

to be shipped obtained during the ordering process. Moreover, th pping methods
can be adapted'P5F 8% Wik €nhigRitg™so YolhesRcP T RsIras ot HisesaBRIBJEl udiHReCControl the
temperatur@ of asspecimerpoiwmnbekbatssiobaphasptrhagenadterial iaitmairniaire asample

chamber within ig%%tﬁpi&g@agpég&ita%\gggggs%géeﬁ%%qkt_emperature range in 36 response to the at

least one temperature parameter. For example, a solid material at room temperature (25C) that
changes to a liquid might be used to control the temperature of a specimen chamber being shipped to
an especially hot or cuitlidestinatientio eeardieglydatitrbuthae ehanges @rganaslificatiaam in the actual

concepts descrijer peseln AR Ay e g MRY eRAVTNGR M AR dsgoge of the
disclosed inventions as defined by the following claims.
15 example only, and not to limit the scope of the invention. Additional embodiments
and further modifications are also possible in alternative embodiments that wil! be
obvious to those skilled in the art having the benefit of this detailed description.
For example, once a smart chip with a wireless fransmitter is included in the
shipping containers used according to the methods described herein, the smart
20 chip and wireless transmitter could be used for many additional purposes
unrelated to actual shipment of temperature conirolled materials. As another
example, the N leg shipping plan set forth herein could be adopted for other
logistical supply chains. Additionally, since the shipping methods described
herein are especially well suited for automation via computer software, additional
25 features could be provided by such software. As an example, computer software
could be used fo generate forms needed for customs and to comply with
regulatory authorities and to complete such forms based upon the contents of
material to be shipped obtained during the ordering process. Moreover, the
shipping methods described herein can be adapted for use with shipping
30  containers that do not use a cryogen, but which control the temperature of a
specimen chamber by use of a phase change material that maintains a sample

chamber within the shipping container within a selected temperature range in



37 Claims: 1. A method of controlling shipment of a temperature controlled material in a shipping
container with a sample chamber that can be maintained within a selected temperature range by use
of a phase change material held within the shipping container, comprising the steps of: executing,
on one or more processors of a computer system, one or more computer program modules configured
to communicate with electronic storage media_ and communicate through a computer network, that
creates a shipping itinerary for a customer ord& with a customer origin point, a customer destination
and a pickup date at the customer origin point, said shipping itinerary including a first shipping leg of
the shipping corfaheeseo tthdheugioteestoniten isoinewtide patunelshippiel tgropitheasisipising container
to the customergigsHaptiofbsa thah teeaalo pinsoMa RasMilat Ve f terigaionaedestination while

the sample chamber js still maintained within the selected temperature range by use of the phase
change materiafRSAR TP Y aL e Aot RGA PoTHE S IRE eSS ERREE B A SPRE PR P late
determining an @migeitstapipiatipdate upon which the shipping container will be shipped according to the

first shipping leg so thatdbafHyes ancridiag iadhg-scheamlediickiin dathanrlaarsingdhe phase
change material, to by ez%ﬁded,to the shg?g%%contalner as close as possible to the initial shipping date;
cO

causing the shiSERTgSShESdt Gt &R DRAR A HERSRATUNER e SANY 8AfHRRRPECCording to
the first shippingflthg sistluseit mvirdiorcas difigew thésdhiuvilerigrckap date; and causing the
shipping container to be shipped in the second shipping leg while the phase change material still
maintains the sample chamber within the selected temperature range; wherein a periodic location
of the shipping container is tracked during its shipment. 2. The method of claim 1, further
comprising tracking receipt of the shipping container by the customer. 38 4.The method of claim
2, wherein the customer order is initiated by accessing a web portal where the customer order is
placed and the web portal automatically tracks the periodic location of the shipping container during its
shipment



5. The method of claim 4, wherein the periodic location is obtained through recognition of a scan code
or by use of a wireless location sensor. 6. \:[pe method of claim 1, wherein the shipping itinerary
automatically schedules a pickup for each successive leg in the shipping itinerary responsive to receipt
of confirmation that the corresponding previous leg has been delivered. 7.The method of claim 1,
further comprising executing, on the one or more processors of the computer system, one or more
computer program modules configured to communicate with electronic storage media that alter the
shippingdtavesary based upon receipt of the periodic location of the shipping container during its
shipment. 8. The method of claim 1, wherein temperature in the sample chamber is monitored
during shipment of the container. 9. The method of claim 8, wherein a data log is created of

temperaturé imeftieogaoh pheteblimgbriipioginigos i jeneprrafuisecshippiad cehtsirien faarhiphizmgustomer origin

point to g EHAPMST SeaiARamber Hht AR H@Mﬁt&ﬁ%@mﬁn‘é{@éﬁ?& R&rpdisihealth of the

shipping container is tracked during its shipment. 11. The method of claim 10 wherein an alert is
generaté@¥a %H%‘?tf?fr?@*]ﬁ%%ﬁﬂ@ﬁgr%faﬁf?d% hel pathEHiEHERRRISY GRS SRR EXERRERINS:. 12. The
method thecsds bfwherein the shipping container is packaged in a shipping package with a customer

origin point desianaign 04 8,eSioEIBRINALON.IePI0NAIRRer L TG EtpOgof claim 1,

wherein the phase change material is a cryogenic materia & méthod of claim 13
wherem%’@%ﬁ%d@’ﬁﬂﬁﬁh@ﬂ@ﬂ'ﬁ‘ﬁrﬁaﬂﬁw% RigaMAHESRISPIE SERKEYUGFIRMERCYEEIADb structure.

15. A matiPee#RMAIESEGthrough a computer network, that creates a shipping itinerary for a
customer order with a customer origin point, a customer destination and a pickup date
at the customer origin point, said shipping itinerary including a first shipping leg of the
shipping container to the customer origin point and a second shipping leg of the
shipping confainer to the customer destination so that the shipping container will arrive
at the customer destination while the sample chamber is still maintained within the
selected temperature range by use of the phase change material;

notifying the customer origin point of the pickup date prior to the pickup date;

determining an initial shipping date upon which the shipping container will be
shipped according to the first shipping leg so that it arrives according to the scheduled
pickup date and causing the phase change material o be added to the shipping
container as close as possible {o the initial shipping date;

causing the shipping container with the phase change material added to it to be
shipped according fo the first shipping leg so that it arrives according to the scheduled
pickup date; and

causing the shipping container to be shipped in the second shipping leg while
the phase change material still maintains the sample chamber within the selected
temperature range;

wherein a periodic location of the shipping container is tracked during its
shipment.

2. The method of claim 1, further comprising tracking receipt of the shipping
container by the customer.

3 The method of claim 1, further comprising causing the shipping container to be
shipped from the customer destination fo a repurposing site.



executing, on one or more processors of a computer system, one or more computer program modules
configured to communicate with electronic storage media and communicate through a computer
network, that creates a shipping itinerary for a customer order with a customer origin point, a customer
destination and a pickup date at the customer origin point, said shipping itinerary including a first
shipping leg having a scheduled beginning shipment time to the customer destination and a scheduled
arrival shipment time at the customer destination and a second shipping leg having a scheduled
customer pickdpTtimenaiidd dotieiduRduiestindtiercastoragtiotdethe ishipieih gytemereryinuping scheduled
so that gsippingragiaachlACuR.ar e customer fesosiapu i Rampls.ghamber is stil

maintained within the selected temperature range by use of the phase change m causing
the phadBSdPRifRskcrsation 25 1Be HuerinaSARER ERTHPHHNGLBRHEIRESHoximate the scheduled beginning
shipment time so that, based upon the scheduled destination arrival time of the shipping itinerary, the
sample chambgr.lyf\éielel r%tg!h%% g}%ﬁg%{%d K\QFQ!Q mg selected temperature range by use of the phase
change material; and causing the’s“ﬁipplng container to be shipped according to the shipping
itineraryPSoieHin nratioigpipkidonptddierafricesuttine elsmrae cadsanianomaveiie welksaperature
controllegBipigdahis,still maintained within the sample chamber within the selected temperature
range, 16. The method of claim 15, comprising the further steps of: causing the shipping
container with the phase change material added to it be placed inside of a first shipping carton with a
preprinted labdl. fbhehaetbed vl dhippingfegeantheharigpiagiiin narfimttshipfitatycsuedieside a second
shipping,caitpaith aquersiirddpBeldorihe ireRiipringdsaheia dhs sehs dieg heginning

shipment time. 40 17. A method, comprising; executing, on one or more processors of a
comput&PajiERaoH LN EPE SRR NS RIRYS 49 SBsIBELbRAlS#EE to communicate with electronic
storage media and communicate through a computer network, that creates a shipping itinerary for a

customer ordey far ShipmeRt of idemRerRitre.contralied maleriatin ashipringhcogiainge with a sample
chamber that can be maintained within a selected temperature range by use of a phase change
materialHBRESFRATN Bhe BRiFRAY WSHISHREPNBai 8 i SpiNY IR cPaRPHIRnEra%agto Mefgagin point, a
customesor€iglinatias anehanpitkate deite adidheanistanoesdyiginepainhfaigtshigringrifipgsgry including a
first shipping le ving a scheduled beginning shipment time to the customer destination and a
schedulé%%%?{\%ﬁgs%ﬁgg%? tri&raﬁglgt ?(21?‘ S%Fs onier e%ﬁ%%t?or% gnsgugpslg%:ﬁa} §h’}8’b|%n”gr‘T‘e‘?g' Saving a

- schedulébiRtstdmer pickup time and a scheduled destination arrival time, the shipping itinerary being
scheduled so as to minimize the amount of time between the scheduled beginning shipment time and

the scheduled de% ination arrival time; causing the phase change material to be added to the

shipping containet 1 rEgHSI IR s dh R DGR LRidM MR (FARRE (RERMREEl upon the
scheduletbdistenatirmarshiphtémecdfrideshigipang itinerary, the sample chamber will still be maintained
within the selected temperature range by use of the phase change material; causing the shipping
container to be shipped according to the shipping itinerary; and tracking shipment of the shipping

container durify #E&RifHiERACS iRy W EHRISRipIRIRg Pehsrargaes. Thiemnarmderefeldim 17, further
comprisizgnple digingelataoijadnpenbyitisicikinsabpMERbattRershippitg cRtamer igentity a
problenb%niﬁi{bqﬂgéjgggosrggrgg&n%ghne shipping container according to the shipping itinerary; and

10. The method of claim 1, wherein a periodic health of the shipping container is
tracked during its shipment.

11. The method of claim 10 wherein an alert is generated if a condition is

identified relating to the periodic health of the sample chamber.

12. The method of claim 1, wherein the shipping container is packaged in a
shipping package with a customer origin point designation and a customer destination

designation.

13. The method of claim 1, wherein the phase change material is a cryogenic

material



taking at least one corrective action, in response to an identified problem, so that the temperature
controlled material is not shipped from the custgmer origin point to the customer destination within a
sample chamber that is not maintained within the selected temperature range.

14, The method of claim 13 wherein the cryogenic material is maintained within

the shipping package in a honeycomb structure,

15. A method, comprising;

executing, on one or more processors of a computer system, one or more
computer program modules configured to communicate with electronic storage media
and communicate through a computer network, that creates a shipping itinerary for a
customer order with a customer origin point, a customer destination and a pickup date
at the customer origin point, said shipping itinerary including a first shipping leg having
a scheduled beginning shipment time to the customer destination and a scheduled
arrival shipment time at the‘ cu.étomer destination and a second shipping leg having a
scheduled customer pickup time and a scheduled destination arrival time, the shipping
itinerary being scheduled so that the shipping container will arrive at the customer
destination while the sample chamber is still maintained within the selected temperature
range by use of the phase change material;

causing the phase change material fo be added to the shipping container
proximate the scheduled beginning shipment time so that, based upon the scheduled
destination arrival time of the shipping itinerary, the sample chamber will still be
maintained within the selected temperature range by use of the phase change material;
and

causing the shipping container to be shipped according fo the shipping itinerary
so that the shipping container arrives at the customer destination while the temperature
controlled material is still maintained within the sample chamber within the selected

temperature range,

16. The method of claim 15, comprising the further steps of: causing the shipping
container with the phase change material added to it be placed inside of a first shipping
carion with a preprinted label for the second shipping leg and then placing the first
shipping carton inside a second shipping carton with a preprinied label for the first
shipping leg before the scheduled beginning shipment time.



40

17. A method, comprising:

executing, on one or more processors of a computer system, one or more
computer program modules configured to communicate with electronic storage media
and communicate through a computer network, that creates a shipping itinerary for a
customer order for shipment of a temperature controlled material in a shipping
container with a sample chamber that can be maintained within a selected temperature
range by use of a phase change material held within the shipping container, said
shipping itinerary having a customer origin point, a customer destination and a pickup
date at the customer origin point, said shipping itinerary including a first shipping leg
having a scheduled beginning shipment time to the customer destination and a
scheduied arrival shipment time at the cusiomer destination and a second shipping leg
having a scheduled customer pickup time and a scheduled destination arrival time, the
shipping itinerary being scheduled so as 1o minimize the amount of fime between the
scheduled beginning shipment time and the scheduled destination arrival time;

causing the phase change material {0 be added to the shipping container in
response to the scheduled beginning shipment time so that, based upon the scheduled
destination arrival time of the shipping itinerary, the sample chamber will still be
maintained within the selected temperature range by use of the phase change
material;

causing the shipping container to be shipped according to the shipping itinerary;
and

tracking shipment of the shipping container during its shipment according {o the

shipping itinerary.

18. The method of claim 17, further comprising:

using data obtained by tracking shipment of the shipping container to identity a
problem arising during shipment of the shipping container according to the shipping
iﬁnerary;\and

taking at least one corrective action, in response to an identified problem, so
that the temperature controlled material is not shipped from the customer origin point to
the customer destination within a sample chamber that is not mainfained within the
selected temperature range.



