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HYBRID SMART COMPOSITE CONTAINER AND METHOD OF
OPERATING THE CONTAINER

CROSS-REFERENCE TO RELATED APPLICATIONS

{0001) The present patent application claims priority to the International patent
application with the Senal No. PCT/IB2018/057139 that was filed on September 18, 2018,
the entire contents thereof herewith incorporated by reference.

FIELD OF THE INVENTION

{0002} The present invention pertains to the field of cargo containers, a method of
manufacturing a cargo container, and methods of managing cargoe containers in the shipping
process, or smart management of cargo containers for regular and specialized goods.
BACKGROUND

{0003) In the field of the shipping and transportation of goods, for example via trucks,
cargo trains, and ships, standard-sized shipping and cargo containers arc used. However,
these shipping containers arc heavy, subject to rapid deterioration due to the environmmental
conditions of the trangportation routes and are suboptimal for the transportation of certain
specialized goods such as, but not limited to, sensitive perishable goods and flexitanks.
Morcover, in terms of their management for logistics, management solutions rely on their
serial numbers and the geographic locations of their carriers, i.¢. the ships, trucks, or cargo
trains.

{0004) More spectfically, i the flexitank industry, where bladder-like bags are filled
with non-hazardous liguids and put in standard steel containers, the load weight limit for
safety reasons is of 24 metric tons, or even 18 metric tons as advised by Germanischer Llovds
in one of their reports. The reason 1s that forces applied by the liquids on the lateral panels

during transport pose a risk of deformation or even rupture of the steel panel or the flexibag.
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Damaged steel containers can then not be loaded next to other containers, the container raust
be repaired and the cargo must often be offloaded and moved to another mode of transport.
(00035) Moreover, tracking and real-time analysis of cargo conditions is currently very
complex and limited. Such activities, when possible, rely on third party sensors that must be
placed within the contamer, with onlv limited capabilitics for conumunication during transit.
As such, in-transit containers remains to this date largely black boxes and conditions of the
container and the cargo within can almost only be assessed daring unloading operations,
potentially several weeks after loading, by visual inspection or by manually loading sensors
data to a computer.

{0006} Moreover, management of fleets of containers or individual containers is a
process in which the containers themselves take no active part. This means that information
about the containers is collected either manually or clectronically by management entities, the
data processed and decisions about actions to be taken regarding a specific container are
communicated to the relevant stakeholders. This mamer of orgamzation implies that very
little information s available outside the usual channels of communication a specific
management entity has planned for, stifling flexibility and significantly imcreasing response
times in regards to adverse events. Another deficiency of this process is that information is
often lost, wrongly transmitted or redundantly transmitted, leading to information bottlenecks
and to a reduction of the amount of relevant information transmitted. No information
regarding the container, its management and its content are currently processed internally by
the container before sending results and preliminary decisions to other stakeholders.

{0007) Therefore, in light of the above discussed deficiencies of the existing shipping
containers and their management, substantially improved containers and management
methods are desired.

SUMMARY
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{0008) According to one aspect of the present invention, a shipping container s
provided. Preferably, the shipping container includes a container frame arranged along edges
of the shipping countainer, side wall pancls made of a composite material, a computer unit,
and a phurality of sensors measuring environmental parameters of the shipping container, the
plurality of sensors operatively connected to the computer unit.

{0009) According to another aspect of the present invention, a method for manufacturing
a composite cargo container is provided. Preferably, the method of manufactuning the
composite cargo contamer includes the steps of providing a metal frame for a cargo
container, forming a side wall by laminating a first layer of material to a center frame panel
and forming an end ledge at a side of the center frame panel, reinforcing the end ledge and
edges of the center frame panel bv a second lammate material, attaching an attachment
clement to the beams of the metal frame, and attaching the side wall to the attachment
clements of the metal frame by an adhesive.

{00010)  According to ancther aspect of the present invention, a container management
method performed on a smart hybrid container, the smart hybnd contaiver including a
container frame having a rectangular shape, side wall panels made of a composite material,
attachment elements attached between the container frame and the side wall panels, and a
computer unit having a communication device, and a plurality of sensors measuring
environmental parameters of the shipping container arranged at the side walls, the plurality of
sensors operatively connected to the computer unit by the communication device, the method
preferable comprising the steps of accessing data of the plurality of sensors by the computer
unit, recording a time and a value of the data at the computer unit, and analyzing the data for
detecting an anomaly of the accessed data.

(00011}  The above and other objects, features and advantages of the present invention and

the manner of realizing them will become more apparent, and the nvention wiself will best be
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understood from a study of the following description with reference to the attached drawings
showing some preferred embodiments of the invention.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

{00012}  The accompanying drawings, which are incorporated herein and constitute part of
this specification, illustrate the presently preferred embodiments of the invention, and
together with the general description given above and the detailed description given below,
serve to explain features of the invention.

{00013)  FIG. 1 shows a perspective exemplary exploded view of the hybrid container
device according to one aspect of the present invention,

{00014y  FIG. 2 shows a perspective exemplary view of the container support frame
without the side walls, according to another aspect of the present mvention;

{00015y  FIG. 3A shows a partial cross-sectional exemplary view of a side wall element
and container frame, according to another aspect of the present invention;

{00016)  FIG. 3B shows another partial cross-sectional exemplary view of a side wall
clement and container frame, according to vet another aspect of the present invention;
{00017y FIG. 4A shows the system core architecture of the central unit according to an
aspect of the present mvention;

{00018y  FIG. 4B shows the communication strategics between the central unit and the
sensors mesh;

{00019)  FIG. 5 corresponds to the diagram of communications between the container and
the external environment;

{00020Y  FIG. 6 shows the data-streams used to generate and train machine learning and
artificial intelligent models;

(000213 FIGs. 7A and 7B show the state of the art solutions where a flexitank has been

placed into a conventional container having a structure and sidewalls that are not able to
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withstand a lateral pressure exerted onto the long side walls, causing the side walls of the
container to bulge outwardly by a bulge, with FIG. 7A showing a conventional container
loaded onto a truck baving a bulged-out sidewall, and FIG. 7B showing a flexstank inside a
container that is being filled, where the sidewall has been expanded outwardly due to the
filling of a flexitank with a liquid, resulting in a high lateral pressure that could not be
withstood by the side walls of the flexitank; and

{00022)  FIG. & shows a flowchart of an exemplary method that is performed by the smart
container, for example the hybrid container 100

{00023)  Herein, wlentical reference numerals are used, where possible, to designate
wdentical elements that are common to the figares. Also, the images are simphified for
ilustration purposes.

DETAILED DESCRIPTION OF THE SEVERAL EMBODIMENTS

{00024)  Different applications and uses for the hybrid connected composite container can
be envisioned. According to one aspect of the present invention, a goal s to provide for an
efficient and modem use of a new type of container, as an alterative to the currently used
steel containers, which is connected out-of-the-box and provides accurate measurements of
conditions during transportation.

{00025y Another goal of the present invention is to provide a container which is capable
of processing data from sensors and provide decision making support in regards to the
management of the cargo within or the management of the container itself. The sensors and
the data processmg unit that are both mtegrated into the container and provide for a smart
container set-up that may be used to offer decision making support. An cxample is the
analysis of intrusion detection sensors by the data processing unit, which the smart container
can use to determine the probability of theft or security breaches, by the use of the onboard or

on-contaner intelligence, on a container-to-container basis. This information can proactively
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be transmitted or otherwise made available to customs upon arrival to a port or other
govermental facility and used as an inspection priority criteria. The intemnal processing unit
1s configured to read available information from the numerous sensors to compute probability
densities of a predefined case happening, such as illicitly tampering the cargo, trafficking, or
simply an inspection procedure by port authonties. Generally, the intemal processing unit of
the container is capable of determining in which situation it is and proactively informing the
right stakeholder. Another example is the use of thermal and humidity sensors to generate
alerts in case the probability of goods deterioration exceeds a defined threshold, or other
manually or mathematically defined trigger, and mitigation activitics, such as changing the
route or mode of transport to speed up arrival of the goods, are needed.

(000263  As shown i FIG. 1, the container device includes a container frame that can be
made of a rigid material, for example steel or composite material, on which composite
sandwich panels are fixed as sidewalls. The use of composite, i.e. materials composed of at
least two different materials, panels drastically increases the overall container rigidity,
bending or bulging-out resistance and physical characteristics. For example, there canbe a
tare weight reduction, improved aerodynamics, better thermal insulation, better radio
frequency & X-Ray transparency, substantially corrosion and rust-free, higher rigidity, better
behavior and resistance aganst fatigue. Preferably, the container device has a rectangular
cuboid shape. More preferably, the container device has the standard ISO shipping container
size, being 8ft (2 43m) wide, 8.5t (2.59m) high and available in two lengths; 20t (6.06m}
and 401t (12.2m). Extra tall shipping containers based on the standard ISO definition, also
called high-cube containers, can have a height of 9.5ft (2.89m).

{00027y Furthermore, container 100 can include a highly powerful embedded computing
system {ES) umt or data processing unit that 1s configured to monitor in near real-time both

the container environment and the cargo condition inside. The ES can include a data
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processor, data memory of storage, network interfaces, and data interfaces to a vanety of
sensing devices. The ES can be included in a sealed casing that is encapsulated within the
container structare itself, for example located inside door 40 forming the intelligent central
unit whereas sensors 30 are dispatched to measure values inside the container, for example
arranged within the lateral panels 10 to monttor activitics of the entire container structure
such as but not restricted to thermal sensors, in contrast with isclated measurement units
available on the market. Finally, the ES 1s completely autonomous duning the entire
container lifetime, for example but not limited to a bife eycle of ten (10) to fifteen (15) vears,
based on the use of photovoltaic panels SP that is operatively connected to the ES powering
the unit and low-energy consamption. The photovoltaic panels SP can be placed on one or
more sides of the contamer 100, and can be dimensioned to allow for autonomous operation
of ES and the sensors 30, and also allow to charge the batteries that are associated with ES.
{00028y  The ES can also be in operative connection with a heating or cooling unit HVAC
that is configured to heat or cool the interior of the container 100, In this respect, the ES can
record a time and a value of a temperature in real<time dunng all transportation operations for
monitoring purposes, or similarly record a time and a value of a temperature when the
temperature drops below a certain threshold value, and can control a heating unit HVAC to
mcrease a temperature inside the container to a value above the threshold value, for example
to prevent a freezing of the transported goods, for example goods that are transported in a
flexitank 90. In case the container 100 is transported by a vehicle that has a cooling or
heating system for several containers that is not part of contamer 100 wtself, ES can provide
for a signal to anv extemal cooling or heating system to control the teraperature.

(00029} Specific to the flexitank application, it is possible that a method of monitoring a
freight contatner is performed, by measuring parameters with the sensor 30 that are incladed

to the side wall panels 10, and thereafier by calculation atemperature or other value is
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calculated to determine the temperature value of the liguid inside the flexitank 90, This can
be done by measuring several values of sensors 30, and thereatter using a pre-stored look-up
table or artificial mtelligence at the ES to determine an average value for the temperate of the
liquid inside the flexitank.

{00030)  According to onc aspect of the present invention, the ES is configured to be
autonomous for the entire container lifetime, by having on one hand, small power
consumption, and on the other hand, sufficient battery capacity for providing energy,
inchuding photovoltaic panels arranged on an outer surface of container 100, preferably on
the door, the roof or top clement. A sensor mesh that is in operative connection with the ES
can gather complete information about the container environment and the cargo condition.
For example, the sensors 30 can include but is not imited to thermal or temperature sensors,
gas sensors , prossure sensor, humidity sensor, position sensor for example a GPS sensor,
acceleration sensor for example an inertial measurement unit (IMU), absclute orientation
sensor, fuminosity or light sensor, position detection sensors and switches (using for example
capacitive sensors), for example to detect door openings, radioactivity detection sensor,
volumetric sensor. These sensors are either encapsulated within the container structure itself
or lic within the main casing, for example to measure environmental conditions inside and
outside of the contamner volume. As explained above, preferably, at least some of the sensors
30 are arranged on the side wall panel 10.

{00031)  To design the embedded system power efficiently, at least two core MCUs are
used, one for the sensors’ data aggregation, the other for everything related to the external
communication and the embedded mntelligence. The ES is thus able to run data analytics,
machine learning or artificial intelligence onboard, making the container an intelligent node
wteracting with a more global intclligent fleet. Finally, from the communication standpoint,

the ES 1s configured to commumicate in near real~time and has backup storage n case the
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connection to a database is interrupted. The communmnication protocol match existing
machine-to-machine (M2M) communication protocols to ensure versatility and adaptability
to existing solutions. Numerous communication standards may be used (for contact, short and
fong range communication}, such as but not restricted to RFID, LPWAN, GPRS. The
communication will be two-sided (uplink and downlink}), as the ES will be able to update
itself with the help of firmware-update over-the-air robust with roll-back capability at system
level and application level in order to deploy proprictary and/or third party firmware updates,
08 updates and applications, and may also receive instructions from a remote data processing
device, for example a computer that centrally manages a plurality of containers. The ES can
include a satellite communication controller and antenna, or a transmitter and receiver for
other types of long-range communication networks, for example an embedded worldwide
module Catl or Cat-M 1 with an optional fallback NB-IoT as iHlustrated in FIG. 5. For local
wircless communication, for example for communication with local sensors 30 or the HVAC
unit, embedded NFC can be used, for example Bluctooth low encrgy (BLE), as well as
embedded LPWAN, LoRa WAN, SigFox, ete.

(00032}  According to an aspect of the present invention, the container system and device
are highly innovative compared to standard steel contaners in several aspects. For example,
it primarily uses composite materials as a structural clement and 1s able to encapsulate
clectronics within these materials, to design a standardized intermodal container
conventionally made out of steel. This can be cargo containers defined by the IS0 6346 or
based on the ISO 668:2013 standard. The container has several separate elements that can be
viewed as sub-components. Each sub-component can have variations in its building
materials choices, design, manufacturing process and assembly process.

{00033}  One aspect of the present invention is the use of a rigid container frame 50, as

shown in an exemplary embodiment in FIG. 2. The frame 50 or the skeleton of the contamer
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is the basic element giving the container 1ts shape and overall rigidity to some extent. ftis
composed of horizontal rails 60 and comer posts 62, as shown in FIG. 2. Conventionally
made out of steel, the herein presented container device uses frame material elements using
composite materials, more specifically pultraded beams made out of glass fiber (GFRP),
carbon fiber, or a combination thereof or any other FRP material. T a hybrid contamer
design, the structural frame 50 can also be made out of steel to facilitate a fast manufacturing
process. Nevertheless, the frame has, i this case, to be modified to optimize the assembly of
the container panels (more on this in the manufacturing and assembly sections).

{00034)  Another aspect of the present invention is the provision of pancls as side walls,
and the assembly thereof. As shown in FIG. 1, composite side wall panels 10 can be
assembled or otherwise attached to the contamer frame 50. The composite side wall panels
10 are designed in such a way that the important distributive loads generated by the pressure
of cargo, as for cxample a flexitank 90 (shown in FIG. 7B), pushing at the lateral side walls
of the container 100 during the container in-transit are easily withstood. Also, a data
processing unit ES, for example an wndustrial grade personal computer or embedded
computing device, is integrated into the door 20 of contamer 100, for example placed inside
of door panels, or attached inside an opening of door frame but visible to the outside of
container 100, Side wall panels 10 include different sensors that can be embedded therein.
Preferably, side wall panels 10 have a plurality of temperature sensors 32 that are distributed
over the side wall panel 10, configured to measure an interior temperature at different
locations inside contamner 100. For example, at least one of the temperature sensors 32 can
be placed such that it can measure a location of contact of the flexitank 90 with the inner
surface of side wall panel 10. Moreover, temperature sensors 32 are operatively connected to

data processing unit ES, for example in a wireless or wired fashion.



WO 2020/058873 PCT/1B2019/057862
11

(00035)  With respect to the flexitank 90 that can be transported by contamer 100, filling
and weight of such flexitank 90 has been a concem when using conventional metal freight
containers. The flexitank 90 is basically a big svnthetic bag that can be filling cut a
substantial part of an interior volume of container 100. With the conventional containers of
the present, it is not possible to load more than 24 tons of hquid. The below discussed
reinforced and sandwiched composite side wall panels 10, together with their attachment
elements 63, 65 that are used for interconnection with a pre-existing frame 50 allow to fill up
flexitank 90 with substantially more weight that is currently possible. In addition, the
provision of additional imsulation allows for reduced costs of cooling or heating, and the
provision of sensors 30 and data processing umit ES allows to provide a smart monttoring of
the content of container 100 on a localized level, for period monitoring based on threshold
values, and for recoding the data for post-analysis, for example if direct communication with
ES by satellite commumication or by other telecommunication networks is not possible.
{00036}  Morcover, the plurality of sensors 30 can also include bending or force
measurement sensors 34 that are configured to measure a bending or force strain to the side
wall panels 19, for example along a longitudinal and a traversal direction of each side panel
10, and these sensors 34 are operatively connected to data processing unit ES, for example in
a wireless or wired fashion. This allows to make periodic measurements on the mechanical
mtegrity of contamner 100, for example by monitoring a mechanical strain that is applied to
side wall panels 10 on a periodic basis, and comparing the measured values at data
processing unit ES with safety threshold values. The mechanical strain can be a result of the
filling of contamer 100, but also due to the stacking of containers 100 in a unusual way, or
overstacking. Another source of mechanical strain can be inclement weather during
transport, for example due to wind that pushes on stacked containers 100, or heavy swell or

waves causing rocking of the ship transporting containers 100,
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(00037)  Moreover, the plurality of sensors 30 of side wall panel can also include humadity
sensors 36 or other types of sensors that can measure conditions of an atmosphere inside
container 100. These sensors 36 are also operatively connected to data processing unit ES in
a wired or wireless fashion. Similarly, sensors 36 in conjunction with data processing unit
ES allow to track and record the environmental conditions mside the container 100, for
example inn a case where perishable goods are transported mside container 100, or goods that
require to be in a given environmental conditions in terms of humidity and temperature, or
measure any deterioration of the packaging of the goods mside the container, such as mold
that can appear on barrels, which significantly reduces their market value, or even lead to
returns in case of unsatisfied customers.

(000383 Other types of seusors that can be operatively connected to data processing vnit
ES include humidity sensors to measure the humidity inside of container 100, pressure
sensors to measure the atmospheric air pressure inside container 100, light sensors to measure
an intensity of light or illamination inside container 100, for example providing information
to detect the status of the door of the contaner, e.g. whether 1t 1s open or closed, an
acceleration sensor or inertial measurement unit (IMU), an absolute orientation sensor to
determine if the container lies horizontally, or s stacked in a proper orientation with respect
to a shupping vehiele such as a truck, container ship, freight train, air transport, door status
sensors such as but not imited to position sensors, angular measurcment sensors (o measure
the status of the door 40, or give feedback on how much the door 40 has been opened, GPS or
other type of global posttioning sensors for providing information on a location of the
container 100, weight sensor or volumetric sensors that can provided for information on the
weight or volume of goods that are currently inside container 100, fire detection sensors, gas
sensors such as but not limited to oxygen sensor, czone sensor, carbon monoxide and dioxide

S

sensor, hvdrogen sulfide sensor (h2s), methvl mercaptan sensor, dimethyl sulfide sensor, or
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other types of biochemical gas sensors, to provide for information on the gas content in the
container, tor example to determine a status of perishable goods or health risks to workers
due to gas emissions when opening the container, and other types of sensor for organic
compounds sensing.

{00039)  Morcover, instead of using a pre-cxisting metal frame 50, it is possible fousc a
frame 50 that is made of a composite material and having the same or similar dimensions as
metal frame 50 with horizontal bars 60 (four lower bars and four upper bars forming
rectangles) and vertical posts 62 (four posts connecting the two rectangles). For example,
composite frame could be made of rectangular carbon-fiber or fiberglass-reinforced tubes that
are arranged together with corner fittings of the same or similar material.

(000403  As shown i FIGs. 2, 34, and 3B, the structural frame 50 and cross-sectional
views of side wall panels 10 and frame 50 arc shown. With the herein proposed construction
of container 100, the loading capacity can be up to 30 metric tons, and they arc casily
withstood in case of the composite sandwich panels of side wall panels 10 as exemplanly
shown i FIGs. 34 and 3B, in contrary to steel containers where this important loading would
at least deform permanently or even break the walls, making the container impossible to use
anymore. According {o some aspects of the present invention, side wall pancls 10 are
therefore able to bend without fracture. This can be done by providing for a composite
sandwich structure made of two externals hard-shell skins, for example but not limited to
GFRP, Carbon, Kevlar, natural fiber, and a structural inner core, for example but not limited
to balsa wood, PET, PV, honeycomb, as further described below.

{00041y  Forcxample, side wall panels 10 are fitted into rectangular side openings 67 of
the container frame 50, and side wall panels 10 are interconnected to frame 590 to the
horizontal rails 60 and comer posts 62. This is shown exemplarily with the cross-sectional

views of FIGs. 3A and 3B, these figures being shown to scale. In both these figures, a pre-
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existing confainer frame 50 15 used without side panels and doors. For example, with the
embodiment of FIG. 3A, at the upper end, a metal beam that forms horizontal rail 60 of pre-
existing container frame 50 is shown in a cross-sectional view, having a substantially square
shape. A L-shaped bracket 65 is attached thereto, with two sides having substantially the
same length, for example 60 mm to 60 mum, to provide for a fixation surface to attach the side
wall panels 10 to container frame 50. L-shaped bracket 65 can be attached to horizontal rail
60 or comer posts 62 by adhesion with a stractural adhesive 69, and can be made by
pultrusion process of FRP such as GFRP or CFRP, with a thickness depending of the type of
the fiber and layout chosen. In another variant, the L-shaped bracket 65 is made of metal,
and can be also welded or attached by other means to horizontal rails or beams 60 of frame
50. Moreover, the side wall panels 10 can be mode of center frame panel 12 that can be
made of a core structural foam with thermal insulating capabilitics and a structural basis, such
as but not restricted to GFRP skin {quadriaxial fiberglass + epoxy/vinyl ester resin} and
PVC/PET/Balsa core providing for both mechanical structure and thermal insulation, which
is sandwiched between two outer lavers of laminate material 16, At the edges of side wall
panels 10, the wall is tapered or narrow out, so that the layers of laminate matenial 16 are
bonded together to provide for a stiff end ledge 14 that protrudes away from the surface of
extension of the side wall panels 10, forming a bonding flange to attach to L-shaped bracket
65, L-shaped bracket 65 can be formed as a rectangular frame to cover two horizontal rails
60 and two corner posts 62 that surround one side wall panel 10,

{00042)  Morcover, edges of side wall panels 10 and the end ledge 14 further include a
second mechanical reinforcement layer 135 at both sides of pancls 10 and ledge 14, as an
additional laminate. Reinforcement layer can be made of GFRP {(quadriaxial/biaxial and
vinyl ester/epoxy resin. In the assembled position, L-shaped bracket 65 and side wall 10 are

shaped such that the outer surface of container 100 is substantially flat. OQuter surface of both
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the pre-existing horizontal rail 60 or comer post 62 as well as the side wall panel are then
covered with a third outer protective layer 17, that covers the mterface between horizontal
rail 60 or comer post 62 and side wall 10, for example to entirely cover the L-shaped bracket
65 on both inside INT and cutside EXT. This provides for additional sealing, mechanical
strength, and msulation. In addition, third outer protective layer 17 can provided fora
smooth outer surface of the entire container 100 that allows to reduce wind and air resistance
by up to 7% when transported by a truck or lorry on road transport. In addition, the non-
metallic side panels 10 and back wall 5 are transparent to X-ray that facilifates automatized
ISPOCtion.

{00043y  End ledge 14 of the side wali panels 10 are made to be narrower in thickness than
a main body of side wall panels 10 with the center frame panel 12, This allows to create a
container 100 based on a pre-existing container frame 50 in which the inner volume and
dimenstons is not reduced, and still provides for the standard interior dimensions. At the
same time, the container 100 has improve thermal insulation as compared to pre-existing
contamners by center frame panel 12, and is lighter in weight and mechanically more solid.
{00044y  FIG. 3B shows a variant where the end ledge 14 that forms the bonding flange is
arranged flush with the outer side wall of panel 10 and rail 60 or post 62, and is then attached
to an inner surface of bonding plate 63. Bonding plate 63 can be formed as a rectangular
frame to cover two horizontal rails 60 and two comer posts 62 that surround one side wall
panel 10. Bonding plate 63 can be welded to pre-existing horizontal rail 60 or comer post 62,
or can be made as an integral part to a custom-made frame 50, or be attached thereto by
screws, rivets, or adhesive material. An arca between ond ledge 14 and rail 60 or post 62 can
be filled with an adhesive 69 for bonding and insulation. The adhesive 69 and the layers 15,
16, 17 are made such that thev can withstand harsh marine conditions, for example by using a

marine-grade fiber reinforced plastic (FRP) matenal for layers 15, 16, 17, Side wall pancls
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10 therefore are sandwiched panels that are made of a core 12, with three layers of
reinforcement layers 15, 16,17,

{00045y As discussed above, the hybrid container 100 includes the container frame 50
made of a pre-existing metallic rectangolar box shape, and the assembly can be completed by
cither using side wall panels 10 that include composite panels and the monolithic L-bcam or
L-shaped bracket 65 that forms an attachment element for interconnecting pre-existing frame
50 and panel 10, see for example in FIG. 3A, or by using metallic tabs or bonding plates 63
that are attached to an outer surface of rail 60 or post 62 that forms another type of
attachment clement for interconnecting pre-existing frame 50 and panel 10 scen for example
i FIG. 3B, These designs allow to provide for a contamer design that is based on some
existing features, thereby reducing costs and preserving dimensional standaxds, that 1s strong
cnough to comply with the ISO 1496-1:2013 test cortifications for freight containers, for
cxample the 22GP type containers. The composite side wall pancis 10 and their integration
into container frame 50 are configured to support at least 28 tons of distributed force, which
is 16% more than currently possible with the pre-exasting metal design. Moreover, the back
panel 5, forming the side wall at the end of the container 100 that is opposite of the doors 20,
can support 24 tons of distributed force. This new design also adds a substantial increased of
thermal insulation to the container 100, allowing for reduced energy heating or cooling of the
container 100

{00046)  Another aspect of the present invention is the design and arrangement of 20 of the
container 100, and the encapsulation of the inner volume space of the container 100. The
door 40 of container 100 can be used as the vessel of the ES that is in operative connection
with the container 100, in other words, the ES can be integrated into the door of the
container. To ensure barely any loads are applied on the casing of the ES, the door frame is

designed in such a way it supports the majority of the constraint applied to the container
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structure 50. The door can be cither made of steel, aluminum or composite material. The ES
casing is then mounted onto panels of door 40 of contamer 100. To increase the impact-
resistance of the casing and thus better protect the ES, the fixation strategies take into account
dampening strategies, for example but not limited to the use of silent bloe, springs, shock
absorbers in differont axes of ortentation. In this respect, computing unit 40 can be placed
mside a cavity of door 40, and can be suspended in the cavity by springs. Nevertheless, even
though the door is the best location, at least some parts of the embedded systems can also be
placed elsewhere.

{00047y  With respect to the comer fittings of cach comer of the contamer frame, at cach
comer of the contamner, comer fittings can be placed that are configured to be grappled by
equipment such as cranes to move the container and to maintain the container in place. These

corner fittings can also be made out of materials such as but not limited to steel, glass fiber,

carbon fiber, Keviar™

, and 50 on, but to account for the higher impact incidence and the
necessity to replace them often, the present container inmovation maintains comer fittings
made out of steel in 1ts design.

{00048y  According to an aspect of the invention, a method for operating a smart container
having a data processing unit ES and a plurality of sensors 30 is provided, for example the
container 100 as described above. An exemplary representation of the method can be found
n Fi(z. 8. The method can include a first step S05 where the operation is started. This can
be done by receiving an external signal at the data processing device ES, for example from a
remote server RS or a mobile device MD (see for example FIG. 3) that is in operative
connection with data processing device ES, for example via a telecommunication network, by
a manual operation at data processing device ES, autonomically by detecting a closing and
locking of the door 20 of container 100, when a door lock status sensor provides or makes

available a signal that mdicates safe closure of container 100, for example by using another
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sensor like the light sensor that detects darkness inside container 100 or the switch sensor at
the door. ki is also possible that the measurements are started with step S05 before the
container is ¢losed, for example as soon as the loading of the container 100 is detected by a
IMU sensor or by strain or force sensors that detect the loading of container or by manual
log-~in by the loading stakeholder through the short range communication (NFC for example).
For this purpose, certain sensors 30 that will provide such information on the loading of the
container 100 can be accessed and the data measured by data processing unit ES, to
determine that door 20 1s open, or open to a certain degree, and container 100 1s being loaded,
by using force sensors.

(000493  Next, once the operation has been started by a step S05, the method includes a
step S10 of taking periodic, regular, or sporadic measurements from the available sensors 30
to measure different parameters of the container 100, by the data processing unit ES that
reads or otherwise gathers data from the available sensors 30, and a step S20 of storing data
of the period measurements inside a storage device that is in operative connection, located
inside or an integral part of the data processing unit ES. In thus step, it 1s possible that all of
data of the avatlable sensors 30 are read and stored, for example in a data log or file, and the
data 1s time-stamped for each entry, for example with the use of a real-time clock. Next, the
available data can be processed at the data processing unit ES for calibration in a step S30 for
cxample to caleulate values within the SI system for relative comparison, and a step 540 can
be performed for analyzing and calculating additional data on the status of the cargo inside
container 100, for example to detect any type of anomaly to the measured and accessed data
from sensors 30. For example, data processing can be done that is specific to a status and
condition of perishable goods that are transported. For example, this step can include the
calculation of a sliding average or median valae to see if the conditions are stable or whether

they are changing. Preferably, the step of taking the measurements 810, storing 820, and
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calibrating S30 and analvzing 840 can be done during a low power condition of the data
processing unit ES, to increase the operational time of the data processing unit ES. Also,
with step 540, an additional step is performed where the measured data ts compared to an
upper or lower threshold value or thresheld range, to determine whether one or more of the
measured values lies outside of a sate or acceptable range or value.

(000503  With this step 840, the data processing unit ES determines on a regular or
sporadic basis, depending on both the users requirements and the onboard intelligence,
whether one or more of the measured data hies above or below an acceptable threshold, or
whether one or more of the measured data lies outside a safe or accoptable range. For
example, lincar and angular accelerations to container 100 are measured and monitored, and
when one of these accelerations lie outside an acceptable range or surpass an acceptable
value, a data flag or alert is generated and associated to this measurcment, for example as
metadata. As another example, if the temperature inside the container 100 falls below a
certain valae, or surpasses a certain value, such data flag or alert is generated and associated

to the data. As another example, a status and capacity of the cnergy in the battery pack that 1s

associated to the data processing unit ES can be measured, and the energy that is currently
being supplied by the solar panels 8P, the ES can then manage itself in consequence, the data
processing, samphng frequency, communication strategy . As another example, the absolute
orientation of container 100 can be measurced, to determine if the container 100 has been
mproperly moved, is placed at a wrong angle, has been tilted.

(00051)  Another step 550 can be performed in parallel 1s the triggering or the setting of a
measurement interval for the data processing unit ES and the sensors 30. For example, if the
conditions are determined to be stable in step 840, then the measurement interval can be

mereased. Conversely, if the measurement interval is determined to be less stable, or

approached one of the threshold values or gets close to a boundary of the safe range, the
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measurement interval can be decreased. For example, as a default value, the measuring
interval can be around 5 minutes, but can be increased to a larger value if for example the
measured values from sensors have shown to be stable, or if the battery capacity has been
determined to be low, so that additional power savings are needed, to continue operation of
the smart container 100 with this method. Also, it is possible that the measurement mterval is
changed by an intervention from an outside device, for example by a user interface of a

central or remote server RS or a mobile device MD that is in communication with the data

{00052y  Another step S60 can be performed that is similar to step $10, but having a fast
data acquisition rate from sensors 30, to gather substantially more data from sensors 30 fora
more detailed observation and storage of the data measured from some or all of the sensors.
For example, the data acquisition rate could be increased for a chosen one or more sensors
30, to an mterval of 100ms or lower, when in step 540 has determined that one or more of the
measured values from a corresponding sensor 30 lies outside the acceptable range, or lies
above or below an acceptable threshold value. If this happens, step S60 can be performed
where the specific sensor 40 with the outlying or devious measurement value is accessed and
the data stored at a much faster rate, and with step 820 the data is stored or recorded by the
data processing unit ES. It 15 also possible that one measurement from one sensor 30 triggers
step S60 for another sensor 30 that will be read out by ES at a substantially ncreased data
acquisition rate. For example, if data processing unit ES determines that a force on one of the
side walls 10 from a force measurement sensor has suddenly mcreased with step 540, it 1s
possible that step S60 will start for the measurements of the absolute oricntation sensor to see
if the container 100 is in a stable position, to have a much better understanding of the current
motion to container 100, to for example whether the increase in force is a result of a shifting

of the goods from heavy scas, or impact or collision. Of course, at the same time, the force
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measurement sensors can also be part of the fast acquisition rate of step S60. As another
example, when it is deternuned that door 20 bas been opened with 840, it is possible to
rapidly read out the force sensors, weight sensors, or volumetric sensors with step S60 to
acquire data on the unloading process with more detail.

{00053)  Morcover, step 840 can also trigger an additional step $70 of generating an
alarm, alert, or signaling that is sent to remote server RS or mobile device MD, and can also
be stored in the log data, for example when the seriousness of the situation requires
immediate attention, or a notification and data transmission is needed at remote server RS or
mobtile device M. For cxample, this step S70 can be triggered when 540 detects a serious
anomaly, for example but not limited to a destructive temperature above a certain second
threshold, a location of container 100 by GPS at a place that does not correspond to a position
of the current transporting route by the transportation vehicle, an onentation of the container
100 that is not possibie under normal transport condition, 1.¢. the container isnot in a
horizontal posttion, detection of fire inside container 160

{00054y  During step S40, other correlations and measurements can be done with the
measured data by the data processing device 40. For example, the measured temperatare
mside container 100 can be correlated to the specific goods that are being transported, and
compared to a fixed or adaptive temperature threshold, and thereby also calculate the amount
of energy required for an external heat source to st the cargo at the desired temperature, and
thus infer a time or time frame when the cargo can be unloaded from container 100 if the
external heat source has been applied. This information can be sent to remote server RS or
mobile device ME for further processing and analysis, and for additional control of contamer
100 remotely, with step S70.

(000353 Duning step $40, it is possible that the hamidity level is analvzed to identify a

feakage of container 100, for example when on high seas, but can also be correlated with the
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measured temperature and measured pressure inside the contaimer 100, to determine if there
can be any potential problems of moist and mold build-up, particularly when food goods are
transported. The acceleration data, absoluie onentation data, or both, can be analyzed with
step S40 by data processing device ES to determine whether, based on the goods that are
currently transported, there must have been irreparable damage to the goods, or whether they
might have been damaged. For example, if goods are transported that are sensitive to
accelerations, such as measurement equipment or goods made out of glass or other fragile
material, it would be possible to say if the goods will arrive without damage with a high
likelihood, and an alert could have been generated by step S70.

{00036y  Moreover, step 540 can also analyze the wall pressures of side walls 10 and air
pressure to check fermentation levels of fermenting goods that are being transported, for
cxample fermenting goods such as wine that are being transported by a flexttank 90 in
container 100, Other data that can be analyzed and compared by data processing unit ES by
access to sensors 30 can be intrusion detection by door opening sensor, lights sensor, and also
with knowledge of the current position of container 100 as well as the historical risk
correlated to the pre-defined routes, mitigating thus risk of cargo tampering and illegal
trafficking, or at least generating early knowledge that can be sent by an alert with step 570
to remote server RS or other remove device.

{00057y  Step S70 can also generate information that will allow a conclusion that the cargo
or goods of container 100 are lost or irreparably harmed, on a container-by-container basis.
For example, a detection of fire combined with a high feroperature for a larger period, with a
subsequent fatlure of temperature-sensitive devices, detected by data processing unit ES
could be used to send a report or alert that indicates complete loss of the goods, before the
goods have actually arrived and are manaally inspected at a port or a warchouase. This

mformation, once sent to central server RS, can be used as logistic management information,
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to inform the receiver or dispatcher, or other person responsible for the logistics, that the
goods are lost, and new goods need to be purchased for replacement or timely arrival.
(00038  Another step S80 that can be performed by the method of individual container
operation and control is a step of data collecting, formatting, and report generating, for
cxample to generate a report RR. This step S80 can be performed solely at data processing
device ES, or also performed partially or wholly at remote server RS, The report generating
can be performed upon a request that is made and transmutted from a remote server RS or
other device, for example mobile device MD, can be generated antomatically that is triggered
by an event at container 100 itself or by remote control for example mobile device MDD, for
example but not imited to when step 540 determines that the container 100 has arrived at the
port of unloading or discharge by GPS, container 100 has been opened at door 200 as
detected by door opening sensors, and the cargo is still inside container by weight, force or
volumetric sensor, or can be triggered by an extreme event, for example one that has
triggered the alert, alarm, or warning that has also or could have also triggered step 870,
{00059)  The report generating step S80 can generate a file or a data set DS that can
iclude all the stored and recorded sensor data of the entire measuring period from the start of
the measuring of step SO05 at data processing device ES, or a partial period thereof, for
example determined by pre-stored instructions or mstructions received from the outside, for
example instructions by server RS, This file or data set DS can be sent to remaote server RS
for further processing. tor example for visualization on graphical user interface, statistical
data presentation, data mining, storage, archiving, data analysis and processing. Also, the
data stored in data processing device 40 can be analyzed for statistical information and
summaries at data processing device or remote server RS, and this data can be presented as a
report RR that can be displayed, viewed and used by a user of the system shown in FIG. 5.

This report RR can be a quality control report for a given time period or trajectory, for
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example from the loading until the unloading of the goods that were transported by container
100. The report RR can include an automatically-generated transport quality rating,
indicating with a high hikelihood if the goods have arrived safe at destination. The report RR
can be used to avoid or reduce the amount of warehouse quality control, or other type of
qualtty control, as the report RR provides for mformation that the container has

not experienced any major issue during transport. on a similar approach, a fleet of container
reach a same warchouse could prioritize which has to be delivered itself. Generally, the
report RR can mclude data that indicates status, transformation, and other summarizing data
of goods and container 100 itself.

{00060y  Moreover, report RR can be a report that 18 specialized for customs control at a
border. For example, report RR can have a rating or a simple tampered / non-tampered
mndication for container 100 at a arrival, that can be sent o a customs authority or otherwise
made securely available to a customs authority. In this respect, the report RR can indicate if
during a given time period or a given trajectory, for example a trajectory that started with the
Ioading of the contamer 100, the door 20 had been opening, or there was some structural
disintegration of the container 100 for example a hole was made to a side wall 10 or other
structural element of container 100, for example by monitoring the air pressure that could
have allowed for removal, introduction, or other tampering of the goods transported.

{00061)  The generation of report RR by step S80 can be also triggered by a user or an
cvent. For example, if a cargo ship is affected by a fire, pirate attack, inclement weather,
heavy swell, unusual weather temperatures, an operator of remote server RS can make a
request to one or more contamners 100, for example to all the smart containers 100 of a cargo
ship, to send back a report RR to see what the status i3, for example whether any of the

transporied goods are currently being affected by the event, or to see if there what the
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likelihood 1s that the goods will be affected by the event, and to allow the logistics manager
1o take any potential remedial action on a container-by-container basis.

{00062y  Asindicated in FIG. 6, trained models such as classifications, regressions,
chustering, CNNs, decision trees, Markov chains, neural networks, genetic or swarmm
mtelligence algorithms can be used to analyze the raw or calibrated data from data processing
units ES, for example by ES itself or by another remote device, to generate reports such as
report RR that summarize or otherwise gather and calculate specific information on the state
and quality of the goods that have been transported.

(00063} Next, a step 590 can be performed where the report KR or the data set DS is
displayed on a computer screen, for example by using a graphical user interface, or is printed
out by a printer, for example at a location that is remote or away from the container 100, for
cxample at a terminal that ts accessing remote server RS by an operator or user, for example
but not limited to a logistics manager, customs officer, quality control manager. Also, a step
S95 can be performed where the method is stopped or terminated, so that the data processing
unit BS stops accessing data from sensors 30 and recording data. This can be done manually,
locally, or by remote control.

{00064y  Moreover, with this method, it is possible to generate reports to make m-transit
mventory of goods that are being transported in simart containers 100, A logistics manager
can know in real-time where the cargo is, what 1s status is, and also the arrival times, which
could allow to drastically reduce in-house stock costs at warchouses, thereby using moving
cargo by ships, trucks, and freight trains as the moving m-transit warchouses, facilitating just-
n-time operations. Depending on the results determined by data from the sensors 30, the ES
will be able to determine in which mode of transport the container is, namely train, truck,

barge or ship.
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{00065)  The indicated order of the performance of the steps as shown in FIG. 8 1s merely
excmplary, and at least some the steps can also be performed i a different order. For
example, the calibrating step 530 can be done before the step of storing 820, the termination
step 895 can be done at any time. Also, as an example, the step S60 of high frequency data
measuring and gathering can be done in parallel to the step of measuring S10, or can be done
in replacement of step S10 for a given period of time. Also, the steps of the method can be
performed by a system that includes one or more smart containers 100 each having a data
processing unit ES, an commmnication and network infrastructure with user ternunals RS,
MD as shown exemplarily in FIGs. 5 and 6.

(000663  While the mvention has been disclosed with reference to certain preferred
embodiments, numerous modifications, alterations, and changes to the described
cmbodiments, and equivalents thereof, are possible without departing from the sphere and
scope of the invention. Accordingly, it is intended that the invention not be limited to the
described embodiments, and be given the broadest reasonable interpretation i accordance

with the language of the appended claims.
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CLAIMS

1. A shipping container comprising:

a container frame arranged along edges of the shipping container having a
rectangular shape;

side wall panels made of a composite material;

attachment elements attached between the container frame and the side wall
panels;

a computer unit having a communication device; and

a plurality of sensors measuring environmental parameters of the shipping
container arranged at the side walls, the plurality of sensors operatively connected to the

computer unit by the commmunication device.

2. The shipping container according to claim 1, further comprising:

a wireless communication interface operatively connected to the computer wmit.

3. The shipping container according to claim 1, wherein the side wall paneis are

made to be transparent to x-rays.

4. The shipping container according to claim 1, wherein the side wall panels
mechide an end ledge that is narrower than a main body of side wall panel, a side surface of

the end ledge attached to a surtace of one of the attachment elements.

5. The shipping container according to claim 1, wherein the side wall panels are
configured to be fitted within the rectangular openings between horizontal bars and vertical

posts that form the container frame.
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6. A method for manufacturing a composite carge container including the steps
of:

providing a metal frame for a cargo container;

forming a side wall by laminating a first layer of material to a center frame panel
and forming an end ledge at a side of the center frame panel;

reinforcing the end ledge and cdges of the center frame panel by a second
laminate material;

attaching an attachment element to the beams of the metal frame; and

attaching the side wall to the attachment elements of the metal frame by an

adhesive.

7. The method for manufacturing the composite cargo container, further
comprising the steps of!

embedding sensors to the side wall.

8. The method for manofacturing the composite cargo container, further
comprising the steps of!
covering at feast parts of the metal frame and side walls after the attaching of the

side wall to the attachment elements with a laminate layer.

9. A container management method performed on a smart hybrid container, the
smart hyvbnid container including a container frame having a rectangular shape, side wall
panels made of a composite material, attachment elements attached between the container

frame and the side wall panels, and a computer unit having a communication device, and a
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plurality of sensors measuring environmental parameters of the shipping container arvanged
at the side walls, the plurality of sensors operatively connected to the computer unit by the
communication device, the method comprising the steps of!

accessing data of the plurality of sensors by the computer unit;

recording a time and a value of the data at the computer unit; and

analyzing the data for detecting an anomaly of the accessed data.

10. The container management method of claim 9, the container including a
flexitank, wherein the step of accessing data comprises:

accessing data of a plurality of temperatare measurements from temperature
sensors at different time instants; and

calculating an average value of a temperature of a hiquid nside a flexitank.



