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INTERACTIVE SYSTEM AND METHOD OF INSTRUMENTING
A BIO-MANUFACTURING PROCESS

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No.
62/272,415, filed on December 29, 2015. The entire teachings of the above application(s) are

incorporated herein by reference.

BACKGROUND

[0002] Current methods to obtain information on bio-manufacturing products
(equipment) and company capabilities are accessed today through a variety of sources.
Typical sources of such information include: product catalogues, application guides,
company websites, presentations at conferences and trade shows, and correspondence by
company representatives using face to face, phone or email methods. These resources must
be used in combination for a user to gain a complete perspective of a company's portfolio and
capabilities.

[0003] For instance, a user looking to select products, services and equipment for a
biopharmaceutical process starts by visiting a company's website to browse what that
company offers. If the user sees products of interest, the user may follow up with a company
sales representative, either by phone or email to receive answers to questions and/or to obtain
advice. This process is time consuming and involves a user accessing multiple web site
pages to search for product information which either partially exists or may be missing
entirely. As a user navigates into web site pages to access detailed product information he is
taken further away from the Home (Capabilities Overview) page, and is commonly dead
ended at an external (disconnected/expired link) page. As can be seen by the examples
below, various company web sites do not easily or readily provide in one spot, information to
help a user decide what product types, sizes or categories are needed to build a useful bio-
manufacturing process. This lack of complete and holistic process and application
information and access to technical advice (best practice) requires the user to take additional
steps to seek additional sources of information, typically obtain feedback from a company
technical expert or representative, and may even require direct testing which is time

consuming and inefficient.
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[0004] In contrast to a web site product catalogue or a product/service based application
guide, direct contact with a company representative typically provides more relevant and
targeted information to address a user's needs. However, such contact with a company
representative still results in a delay as the representative searches for and then sends the
requested materials. Time zone differences and language barriers can add to the time delay.
[0005] Examples:

[0006] WWW.sartorius.us

[0007] This website shows a series of process areas (e.g., media prep, cell culture, cell
harvest, etc.) within a selected application area (e.g. monoclonal antibodies "mAb", Buffer,
Media, and Final Fill). The website shows a 2-D representation of a product they sell which
is applicable for the process step. The website does not provide context for the application
area or infrastructure needed to choose appropriate products for the process step, nor does the
website provide any information or logic rules to help a user choose the best (right fit)
product, decide product scale, process type (single use or multi-use), or indicate how products
should be connected and used together.

[0008] The website 1s not interactive and does not support the ability to build a process or
to customize process workflow. The website also lacks logic rules (built-in technical advice)
to help a user select a "right fit" product from a catalogue list based on experience/best
practices.

[0009] A user cannot explore an actual production process workflow, or visualize how
products could be connected and used together.

[0010] www.pall.com

[0011] This website is not interactive and lacks any integrated organized workflow
functionality. The website utilizes a vertical layout of products, organized by product line,
and does not address customer application/use scenarios. The website sporadically provides
product support documentation, however this information is not conveniently organized by
application area or as a customer would intuitively use them—at one's fingertips (i.e., at the
point of need). Only a few pages of the website provide product support documentation.
Instead, each page of the website presents blocks of text with a mixture of product
technologies, application areas and services. There is also no visual representation of a

process workflow or overall capabilities.
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[0012] The website does not support the ability to build a process or to customize
products. The website’s “Selection Guide™ is a text only listing of required items. The text
makes no reference to particular products, and gives no description of application.

[0013] www.gelifesciences.com

[0014] Relative to the two previous websites, this website 1s easier to navigate. However,
this website does not organize the company's products and services by application area or
process workflow. In contrast, the website is organized by product line and technology area
only (e.g., upstream, downstream, single-use and services). The website uses four technology
areas to categorize product groups. When one of the four main areas is selected by a user, the
user is brought to a landing page. The landing page lists different product technologies, but
does not provide to the user a view of the producer's processing capabilities. Further, the
website does not link product offerings to a pharmaceutical manufacturing process by
application or process workflow step, and products and product support documentation are
not conveniently organized by application or as a customer would intuitively use them (i.e., at

the point of need).

SUMMARY OF THE INVENTION

[0015] There is a need and desire for a user to be able to: (1) view and quickly explore a
process flow, and (i1) have all the information immediately and conveniently available in one
place, at each step of the process. The information 1s needed in sufficient depth and detail to
allow a user to take the next step in the buying, or at least decision making process. Thus, the
information needs to include product/equipment sizes and product types (e.g., capsules,
cartridges, etc.), product/equipment performance recommendations, and process types and/or
available process scale/sizing options (e.g., single use, multi-use; for scale at R&D levels,
production levels, pilot levels, etc.) and describe/build awareness of product and process
customization options.

[0016] Applicants provide a computer method, apparatus, and system that addresses the
shortcomings of the industry and fulfills the foregoing needs.

[0017] Applicant's computer method, apparatus and system give a user the ability to (1)
build a fully functioning biopharmaceutical/bio-manufacturing process train (complete
workflow), (i1) specify the products (equipment, consumables, and components) used in it,
and (i11) specity preference on the type of process (single-use, multi-use, or hybrid).
Embodiments also include the ability to customize individual products used in the process or

workflow. As such, embodiments enable a user to create a customized process train which
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the user can save, send and share with others. Embodiments show all steps and products
(equipment) required in the process workflow to successfully execute the unit operation and
the entire overall process.

[0018] Within embodiments a user also has the ability to contact a technical specialist to
ask questions and solicit advice on a specific product (equipment, components, consumables,
and/or accessories) or process step.

[0019] Another aspect of Applicant's computer method, application and system is the
speed, convenience and ease of access to relevant information (for a customer facing sales,
application and technical collateral) at a user’s fingertips at the point of need in the viewing
and buying process.

[0020] Embodiments provide computer-implemented method, apparatus and system of
instrumenting a bio-manufacturing process. The computer method, apparatus, and system
comprise: (a) a data store holding in computer memory information regarding bio-
manufacturing processes, and (b) a user interactive video graphic interface. For each process,
the data store information includes: (i) a description of the sequence of steps that form the
workflow of the bio-manufacturing process, and (ii) per step, indications of equipment and
services that support the step according to best practice and expert technical experience. In
some embodiments, the data store information further includes supporting media/collateral to
help a user choose and/or use the products.

[0021] In some embodiments, one or more processors are coupled to host or access the
data store and an image database. The image database stores digital images of certain bio-
manufacturing equipment (may be brand or manufacturer specific). For each piece of certain
bio-manufacturing equipment, the image database has digital images of different views of
that piece of equipment (e.g., top, front, back, side, bottom, perspective(s), isometric views,
etc.). The image database supports 3D image display, 3D animations, video clips, audio
clips, and/or other display of the pieces of the certain bio-manufacturing equipment,
components, related (or associated) consumables, and/or corresponding services. The
processors associate equipment indicated in the data store with corresponding images of the
bio-manufacturing equipment in the image database.

[0022] In some embodiments, a computer, such as a client computer, in communication
with the one or more processors executes the video graphic user interface and enables user
interactive input regarding a subject bio-manufacturing process from the data store. In some

embodiments, the subject bio-manufacturing process may be of a particular type, per
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therapeutic area or molecule type. The user interface displays a model representation of a
hypothetical bio-manufacturing facility deploying the subject bio-manufacturing process. In
one embodiment, the user interface provides various screen views of a working model
illustrating a generic set of equipment in a typical (or general) equipment configuration
(layout and interconnections) for implementing the bio-manufacturing process. The
displayed model representation/working model may be navigated under user control through
the user-interface. Some embodiments allow the user the ability to telescope in/out for
greater/lesser product (equipment) detail and information.

[0023] Importantly, the user interface interactively displays various views of the model
representation/working model in a manner that provides to the user: (i) an overview of
candidate pieces of equipment and corresponding services for the subject bio-manufacturing
process, the candidate pieces of equipment being from the image database, (i1) a layout of
equipment from the image database and corresponding services required to execute a given
step in the subject bio-manufacturing process based on best practice/expert technical
experience, and (ii1) a sense of scale, relationship, utility and physical connections between
pieces of equipment used in the subject bio-manufacturing process.

[0024] User input through the user interface results in a set of user-selected (and
specified) pieces of equipment, services and/or process consumables from the image database
that carries out the subject bio-manufacturing process at the scale and process type (single
use, multi-use, or hybrid) specified by the user and according to best practice as determined
by the processors from the data store information. In this way, embodiments visualize and
instrument (including right-fit specific equipment to) a bio-manufacturing process in an
efficient, informative and convenient manner to suit the end-user.

[0025] The bio-manufacturing processes include biopharmaceutical or similar processes
that produce vaccines, plasma, blood products, monoclonal antibodies, antibody fragments,
stem cells, antibody drug conjugates, allergenics, gene therapeutics, or biosimilar drugs.
[0026] In the displayed model representation/working model, at each of the process steps
for the subject bio-manufacturing process, the user interface highlights step-appropriate
equipment and corresponding services (i.e. "right fit" recommendations and process step
recommendations). Such highlighting, in turn, prompts and enables the user to efficiently
make appropriate selection of certain pieces of bio-manufacturing equipment, services and/or
process consumables. In embodiments, the user-interface highlights include user-interactive

(selectable) pulsating beacons, and user-interactive (selectable) color-coded icons.



WO 2017/116543 -6 - PCT/US2016/059108

[0027] In embodiments, the user interface enables the user to specify or otherwise
configure each step of the subject bio-manufacturing process as employing single use or
multi-use pieces of equipment (referred to as a single use or multi-use process type). In this
way, the subject bio-manufacturing process may be customized to optionally be of a hybrid
process format having single use equipment at one or more steps and multi-use equipment at
other steps in the process.

[0028] In some embodiments, the one or more processors hosting or accessing the data
store execute logic rules that (1) ensure equipment compatibility across the set of user
selected and specified pieces of certain bio-manufacturing equipment, and (2) match user-
selected/specified equipment with best practice and expert indicated pieces of equipment of
the data store. For non-limiting example, for the user specified combination of multi-use and
single use pieces of equipment, the logic rules ensure that only rational and viable
combinations are constructed. The logic rules also ensure viability of the workflow
configuration resulting from the user's equipment selection and specification.

[0029] Further, in some embodiments, the processors adjust size of a candidate piece of
equipment as a function of user-specified scale of the subject bio-manufacturing process. In
particular, size of a candidate piece of equipment may be based on production volume and/or
volume throughput of the subject bio-manufacturing process as specified by the user. The
user interface enables the user to specify a volume (e.g., approximate, projected, or the like).
[0030] According to some embodiments, the user interface as supported by the image
database individually displays views including 3D views, videos, animations, and the like of
the candidate pieces of equipment. Further, the user interface enables the user to selectively
telescope (zoom) in and out the displayed views of the candidate pieces of equipment.
Similarly the user interface enables the user to selectively rotate or otherwise orient a
candidate piece of equipment in some displayed views. The telescoping and rotating viewing
options, under user control, provide the additional levels of information and view per piece of
equipment as well as for overall product range and capabilities of the candidate pieces of
equipment (for the subject bio-manufacturing process) as the user needs.

[0031] In embodiments, the user interface highlights related pieces of equipment in the
subject bio-manufacturing process or otherwise visually illustrates relationships between
displayed pieces of equipment. For non-limiting example, the highlighted related pieces of
equipment may be color coded. The user interface also displays/illustrates how the related

pieces of equipment interact and connect to each other.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The toregoing will be apparent from the following more particular description of
example embodiments of the invention, as illustrated in the accompanying drawings in which
like reference characters refer to the same parts throughout the different views. The drawings
are not necessarily to scale, emphasis instead being placed upon illustrating embodiments of
the present invention.

[0033] Figs. 1A-1C are a block diagram and schematic views of one embodiment of the
present invention.

[0034] Fig. 2 is a screen view illustration of a hypothetical bio-manufacturing facility
rendered in the user interface of an embodiment of the present invention. The hypothetical
facility displays pertinent equipment to carry out bio-manufacturing processes.

[0035] Figs. 3A and 3B are screen view illustrations of candidate pieces of equipment for
a process step in a subject bio-manufacturing process in the user interface of Fig. 2.

[0036] Figs. 4, SA and 5B are illustrations of further screen views in the user interface of
Fig. 2 providing user-friendly prompts, zoom/telescoping features, and access to additional
information upon user request.

[0037] Fig. 6 1s a screen view of further output of the user interface of embodiments.
[0038] Fig. 7 is a schematic view of a computer network embodying the present
invention.

[0039] Fig. 8 is a block diagram of a computer node in the computer network of Fig. 7.
[0040] Fig. 9 is a flow diagram of embodiments.

DETAILED DESCRIPTION OF THE INVENTION

[0041] A description of example embodiments of the invention follows.

[0042] The teachings of all patents, published applications and references cited herein are
incorporated by reference in their entirety.

[0043] By way of overview, embodiments of the present invention provide a computer-
based tool for visualizing and modeling a subject bio-manufacturing process during user
instrumentation of the same. The tool enables a user to navigate through a video graphic
representation of a hypothetical, pertinent manufacturing facility meanwhile prompting the
user for selection and specification of relevant equipment and various components (parts,
accessories, consumables, and/or service agreements) for implementing (and "right-fitting"

equipment to) the subject bio-manufacturing process according to best practice and expert
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technical experience. In response to user input, the tool (1) interactively configures a best
practice set of equipment (as a function of user selection and specification), and (i1) generates
a virtual model of the workflow (through the configured set of equipment) of the subject bio-
manufacturing process to scale of operation as specified by the user.

[0044] In particular, as illustrated in Fig. 1A, tool 100 comprises (a) a data store 12 in a
computer memory, and (b) a user-interactive video graphic interface (GUI) 17. In some
embodiments, the data store 12 holds in computer memory information regarding various
bio-manufacturing processes, biopharmaceutical processes and the like. Non-limiting
examples include processes that produce vaccines, plasma, blood products, antibody drug
conjugates, monoclonal antibodies (mAb), antibody fragments, stem cells, allergenics, gene
therapeutics, or bio-similar drugs. In some embodiments, for each process, the data store 12
holds information regarding (i) the sequence of steps that form or defines the workflow of the
bio-manufacturing/biopharmaceutical process, and (ii) per step, the equipment and services
that support the step according to best practice and/or expert technical experience.

[0045] Fig. 1B illustrates a data store 12 employed in embodiments of the present
invention. According to some embodiments, for each bio-manufacturing or bio-
pharmaceutical process represented in tool 100, the data store 12 has a respective record 18a,
b, ...n (18 generally). In a given record 18, there is information regarding the corresponding
process information such as process format type (e.g., single use, (typically of plastic which
is disposed of after use), multi-use (typically of stainless steel which is cleaned and reused) or
hybrid (typically a combination of single use and multi-use with typically one format type per
piece of equipment or process step)) 15 and the workflow sequence of steps 19,20 a,b ... n
(generally 20) of the process. The record 18 may have a description 19 of the workflow for a
single use process format and a description 19 of the workflow for a multi-use format.

[0040] In some embodiments, for each step 20, the record 18 describes equipment,
components, services, accessories, and consumables, or equivalent products for implementing
and supporting the step according to best practice and/or expert technical experience. The
record 18 includes a scaling factor for determining equipment size as a function of user-
specified scale of operation. Operation or process scale may be for example at R&D levels,
production levels, pilot levels, and the like. The record 18 may also indicate auxiliary or
related equipment per step 20.

[0047] In a preferred embodiment, the process record 18 description of equipment,

components and related pieces of equipment is populated from an equipment logic tree 14
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(shown in Figs. 1A and 1C). The equipment logic tree 14 has a different record or entry 22,
23 (shown as 22a, b ...n, 23 a, b ... n for ease of understanding) for each of the various
pieces of equipment and components utilized in the bio-manufacturing/bio-pharmaceutical
processes of tool 100. In a given equipment entry 22, the class, available sizes and product
identifier of the piece of equipment is indicated. The given entry 22 also provides
recommendation logic (i.e., logic rules) that uses best practice and/or expert technical
experiences, and determines when to recommend use of the piece of equipment and defines
which services and related products should be shown. Service (and other) information is
recorded in or linked to the tree entry 22 for the respective piece of equipment. Connections
to and relationships among the different pieces of equipment and components with respect to
the given piece of equipment of a tree entry 22 are indicated by links, pointers, or the like 24.
In this way, equipment logic tree 14 provides a hierarchy or map of sorts of the compatible
pieces of equipment and components and allowable/feasible connections and logical
workflow in process operations.

[0048] According to some embodiments, component entries 23 similarly provide
respective product ID, recommendation logic (i.e., logic rules), and service (or other)
information of a corresponding component. Pointers 24 to/from a component entry 23
similarly provide logic-based connections and relationships of the corresponding (or
associated) component among the different pieces of equipment and other components.
[0049] Returning to Fig 1A, in some embodiments one or more processors 60 access the
data store 12 and image database 16 and execute Rules engine 13 to support or otherwise
operate the video graphic user interface 17. In some embodiments, the image database 16
stores digital images, 3D images, and the like of certain bio-manufacturing equipment and
products. The equipment and products may be of different brands and manufacturers. For
each piece of equipment and products, the image database 16 has digital images of different
views of that piece of equipment/product. For example, the different views may include a top
or plan view, front view, back view, side views, bottom view, various perspective views,
isometric views, and so forth. The image database 16 supports 3D image renderings, videos,
3D views, life-like/realistic process renderings, animations, and/or other types of displays of
the different pieces of equipment and products. The processors 60 associate equipment
indicated in the data store 12 with corresponding images of the bio-manufacturing equipment

in the image database 16.
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[0050] According to some embodiments, Rules engine 13 when executed by processor 60
applies the Rules (logic rules) of the data store 12 process records 18 to make
recommendations of equipment, components, consumables, and accessories, and to determine
various factors or features (e.g., equipment size, workflow compatibility, etc.) per bio-
manufacturing process 18 and process step 20. In particular, processor 60 responds to user
input through user interface 17 and makes determinations based on best practice and expert
techniques as programmed in the logic rules of data store 12 process records 18 illustrated
next with reference to Figs. 2-5B. The examples illustrated through Figs. 2-5B are for
purposes of illustration and not limitation of Applicant's invention.

[0051] In some embodiments, client or user computer 50 executes user interface 17 and
video graphically renders a user-interactive illustration (or model representation) of a user
navigable bio-manufacturing facility. The bio-manufacturing facility may be hypothetical
and generic, but is illustrated as having pertinent equipment for implementing a bio-
manufacturing process of the user's choosing from the data store 12. In some embodiments,
the different illustrated pieces of equipment are user interactive (i.e., selectable, view
enhanceable by telescoping, rotating, etc.) using video or imaging technology, video gaming
techniques, and the like. For each of the different bio-manufacturing processes of data store
12, the user interface 17 illustrates a different respective user-interactive layout of equipment,
process consumables and services required to execute each step of the bio-manufacturing
process according to best practice and/or expert technical experience determined by
processors 60 from data store 12 information. In this way, tool 100 serves as an interactive,
integrated 3D bio-manufacturing process workflow model that provides to the user: (1) an
overview of equipment (products) and service capabilities by application, (11) a useful layout
of equipment (products), consumables and services required to execute each step of a subject
bio-manufacturing process based on best practice and/or expert technical experiences
determined by processors 60 from data store 12 information, and (ii1) a sense of scale,
relationship, and physical connections between pieces of equipment used in the subject bio-
manufacturing process. Fig. 2 is illustrative and a non-limiting example.

[0052] In Fig. 2, the video graphic user interface 17 shows a hypothetical bio-
manufacturing facility deploying a typical set of equipment configured for manufacturing
monoclonal antibodies and antibody drug conjugates (the subject bio-manufacturing process
selected by the user and at the process scale specified by the user, for example). The model

representation of the bio-manufacturing facility rendered by the user interface 17 is user-
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navigable. That is, the user is able to "explore" the displayed facility and under user
command move or otherwise navigate through the illustrated process workflow to access
different rooms and process steps 25, 26, 27, 28, 29. In some embodiments, at each process
step 25, 26, 27, 28, 29, the user interface 17 presents pertinent equipment, collateral, process
consumables, and/or services sized for the step location and scale of operations specified by
user input. That is, from data store 12 information, processor 60 responsively generates
"right fit" equipment recommendations and process step 25, 26, 27, 28, 29 recommendations
for display through user interface 17. In some embodiments, the user interface 17 presents or
otherwise displays a virtual pathway 41 to visually guide the user through the workflow of
the sequential process steps 25, 26, 27, 28, 29. The pathway 41 visually leads the user
between sequential process steps 25 - 29, as well as through parts of each step 25 - 29. This
is accomplished by the supporting data store 12, equipment logic tree 14 and Rules engine 13
as previously described.
[0053] Highlighting and/or other visual effect techniques are employed in rendering
virtual pathway 41. For example, in one embodiment blinking or flashing beacons (shown as
animated star shapes, dots or circles in Figs. 2 - 4) illuminate along pathway 41 at the process
steps 25, 26, 27, 28, 29 and at the various pieces of equipment of a respective process step.
The flashing beacons and illuminated pathway 41 assist the user in properly and efficiently
working (logically progressing) through the subject bio-manufacturing process workflow of
the displayed facility. In this way, the user interface 17 helps the user to:

1) better visualize a subject (user-selected) bio-manufacturing process,

i1) more logically approach making decisions on equipment and consumables per

process step, and

111) interactively design or model, in part, and instrument (including "right fit") the

pertinent bio-manufacturing facility according to best practice and/or expert technical

experience.
[0054] The following is a non-limiting example of a bio-manufacturing process to
produce monoclonal antibodies (mAb). In some embodiments, the Rules engine 13 is
executed by processor 60 to apply the logic rules from the respective process record 18 (in
this instance, the process record corresponding to the production of mAb) from the data store
12. The Rules engine 13, applying the logic rules, is able to make right fit and best practice

recommendations of the equipment, components, consumables, and accessories, and to
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determine various factors or features (e.g., equipment size, workflow compatibility, etc.)
required to produce the amount of product specified or entered by the user.

[0055] Continuing with the non-limiting example, the user inputs or otherwise can select
a desired production amount (e.g. 5 kg) of drug product. The Rules engine 13, applying the
logic rules from the respective process record 18, determines in order to produce the user
requested/specified 5 kg of drug product, a 2000 L bioreactor (~2.5 g/L titer) will be required.
Rules engine 13 also determines the approximate sizing and process type (single-use, multi-
use or hybrid system) needed to perform the process step. For example, a 2000 L bioreactor
(~2.5 g/L titer) is to be harvested with (31 m2 of) depth filtration media (20 m2 primary
clarification, 11 m2 secondary clarification) and pooled in a 2000 L mixer. The Rules engine
13 together with equipment logic tree 14 may also determine alternative equipment,
components, consumables, and/or accessories to accomplish a process step 20 of respective
record 18. As a result of each determination, Rules engine 13 and user interface 17 render
user interactive video-graphic displays of images of pertinent pieces of equipment from
image database 16. In this example, a centrifuge could be used in lieu of the primary
clarification step. The Rules engine 13 continues to apply the logic rules from the respective
process record 18 (and supported by equipment logic tree 14 and image database 16) to
complete the video graphic and user-interactive illustration (display) of the rest of the
workflow for the production of mAb as follows.

[0056] Next, the clarified filtrate would undergo the capture chromatography step (with
32 L of protein A resin for 4 cycles), and then held at low pH for virus inactivation (in two
2000 L mixers in series); any resulting aggregates would be removed with depth filtration
(1.1 m2) or capsule filters (4.5 m2), and pooled for feed to purification chromatography
operated in bind-elute mode. Rules engine 13 and user interface 17 display each of these
pieces of equipment, accessories and consumables to the user in turn. Next, (approximately
32 L of) cation exchange resin would be needed, operated at 3 cycles and then pooled for
polishing chromatography. This typically requires (19 L of) anion exchange resin, operated
for 1 cycle in flow-through mode. Next, viral clearance would require approximately 1.55
m2 of membrane; the ~400 L of filtrate would be fed to a Tangential Flow Filtration (TFF)
system with 9 m2 of 30 kDa regenerated cellulose membrane, resulting in 50 L of
concentrated mAb that could be filtered through 0.7 m2 of sterilizing-grade polyvinylidene
fluoride (PVDF) or polyethersulfone (PES) membrane and held for final formulation
additions and redundant sterile filtration through two stacked-disk capsule filters (~total 1
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m2). Rules engine 13 and user interface 17 display user-interactive views of each of these
parts (connected in sequence and in context detail) for the subject bio-manufacturing process.
[0057] In this way, client or user computer 50 executes user interface 17 and video-
graphically renders a user-interactive illustration (or model representation) of a user
navigable bio-manufacturing facility having the foregoing pertinent equipment for
implementing the example bio-manufacturing process to produce mAb.

[0058] According to some embodiments, the user interface 17 enables a user to customize
his preference of equipment and processing technology (single-use or multi-use) via a toggle
button 32 while retaining process utility and functionality. The ability to customize
equipment/product selection, process type, and/or processing scale leverages the embedded
logic rules to ensure cross product (equipment) compatibility and to ensure that the resulting
process workflow construct 1s rational and efficient. User interface 17 provides toggle button
32 at the overall process level of Fig. 2 to enable the user to specify the subject bio-
manufacturing process as multi-use (typically of stainless steel which is cleaned and reused)
or single use format (typically of plastic which is disposed of after one use).

[0059] In some embodiments, the user interface 17 also provides toggle button 32 at
individual process steps such as demonstrated in Figs. 3A-3B for step 26. For non-limiting
example, if the user selects (via button 32) a process type of multi-use for step 26, the user
interface 17 (employing images from image database 16) updates the screen view to show a
step appropriate multi-use (Stainless Steel) configuration of equipment and services. In some
embodiments, this is accomplished by user interface 17 being supported by the server 60
executing Rules engine 13. Updated screen view 26a 1s illustrative. If and when the user
selects (via button 32) the single use process type for step 26, tool 100 and the user interface
17 updates the screen view to show step appropriate equipment and services for a single use
format of the process step 26 as shown in 26b of Figs. 3A and 3B. If undecided, the user can
easily toggle between the two process formats (single use, multi-use) with a touch of a
button/toggle button 32, and the user interface 17 (tool 100) responds with screen view
updates accordingly.

[0060] Where each process step 25, 26, 27, 28, 29 can be user configured individually
and separately to be of single use process format or multi-use process format, the subject bio-
manufacturing process (the monoclonal antibody fabrication process in the example of Fig. 2)

may result in a hybrid combination of process formats. Logic rules are executed by server 60
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in response to such user input through user interface 17 to ensure that only rational and viable
combinations are constructed.

[0061] Tool 100 and user interface 17 provide the user a clear demonstration of overall
bio-manufacturing process and individual process step capabilities with equipment
(products), consumables and services integrated into true to life workflow context.
According to some embodiments, at each process step 25, 26, 27, 28, 29, only step
appropriate systems (equipment), services, consumables and collateral are highlighted as
shown in Fig. 4 for step 27. The user interface 17 (as supported by Rules engine 13
determinations) shows how the pieces of equipment are connected to each other and how
related parts interact. Color-coding or other visual schemes for indicating and displaying
relationships of parts may be employed. In embodiments, the various pieces of equipment,
especially application specific consumables, are easily accessed in user interface 17 via
pulsating beacons and color-coded click-able (user interactive) icons 44 shown in Fig. 4.
[0062] In some embodiments, the user interface 17, as supported by server 60 and image
database 16, enables a user to telescope in and out of displayed screen views to gain a deeper
view and detail of equipment pieces and parts or to step back to view overall product range
and capabilities. Known or common magnifying or zooming technology and techniques may
be utilized. Figs. SA-5B are illustrative.

[0063] In Figs. SA and 5B, a screen view of example process step 29 as displayed by user
interface 17 is shown. In some embodiments, the different displayed elements (equipment
pieces, parts and components with dot icons) are user interactive meaning upon user
command, the user interface 17 telescopes in/out, rotates/orients displayed images, provides
additional information, and the like. In some embodiments, tool 100 (specifically equipment
logic tree 14 and/or data store 12) compiles all relevant product information (e.g., datasheets,
validation documents, user guides, technical briefs, application notes, animations, and
interactive guides) and conveniently locates this information at a user’s point of need to
advance user decision making. In the non-limiting example of Fig. SA-5B, the user selects
(clicks on) the GMP mixer icon of process step 29, and user interface 17 (supported by server
60) responsively renders the additional information (lower boxes of Figs. 5A, 5B) regarding
the mixer in an updated screen view.

[0064] Tool 100 enables a user to save results of a user session, including the foregoing
user interactions, selections, specifications and/or other input by the user. The saved results

(a customized set of equipment for a subject bio-manufacturing process) can be made a
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"Favorite", sent, saved, and/or shared with others, etc. through operating system functions
common in computer networks. Fig. 6 is illustrative. The tool’s 100 save/share functionality
facilitates communication across geographies, languages and time zones allowing
information to be shared efficiently between process engineers (internally and externally).
Tool 100 also enables users to directly access a sales, technical or customer service
representative through communications operations common in computer networks as made

apparent in Figs. 7 and 8.

Computer Support

[0065] Fig. 7 illustrates a computer network or similar digital processing environment in
which the present invention may be implemented.

[0066] Client computer(s)/devices 50 and server computer(s) 60 provide processing,
storage, and input/output devices executing application programs and the like. Client
computer(s)/devices 50 can also be linked through communications network 70 to other
computing devices, including other client devices/processes 50 and server computer(s) 60.
Communications network 70 can be part of a remote access network, a global network (e.g.,
the Internet), a worldwide collection of computers, Local area or Wide area networks, cloud
computing, and gateways that currently use respective protocols (TCP/IP, Bluetooth, etc.) to
communicate with one another. Other electronic device/computer network architectures are
suitable.

[0067] Fig. 8 is a diagram of the internal structure of a computer (e.g., client
processor/device 50 or server computers 60) in the computer system of Fig. 7. Each
computer 50, 60 contains system bus 79, where a bus is a set of hardware lines used for data
transfer among the components of a computer or processing system. Bus 79 is essentially a
shared conduit that connects different elements of a computer system (e.g., processor, disk
storage, memory, input/output ports, network ports, etc.) that enables the transfer of
information between the elements. Attached to system bus 79 is I/O device interface 82 for
connecting various input and output devices (e.g., keyboard, mouse, displays, printers,
speakers, etc.) to the computer 50, 60. Network interface 86 allows the computer to connect
to various other devices attached to a network (e.g., network 70 of Fig. 7). Memory 90
provides volatile storage for computer software instructions 92 and data 94 used to
implement an embodiment of the present invention (e.g., program code for tool 100, user
interface 17 and supporting software processing 900 detailed above and below). Disk storage

95 provides non-volatile storage for computer software instructions 92 and data 94 used to
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implement an embodiment of the present invention. Central processor unit 84 1s also
attached to system bus 79 and provides for the execution of computer instructions.

[0068] In one embodiment, the processor routines 92 and data 94 are a computer program
product (generally referenced 92), including a computer readable medium (e.g., a removable
storage medium such as one or more DVD-ROM’s, CD-ROM’s, diskettes, tapes, etc.) that
provides at least a portion of the software instructions for the invention system. Computer
program product 92 can be installed by any suitable software installation procedure, as is well
known in the art. In another embodiment, at least a portion of the software instructions may
also be downloaded over a cable, communication and/or wireless connection. In other
embodiments, the invention programs are a computer program propagated signal product 107
embodied on a propagated signal on a propagation medium (e.g., a radio wave, an infrared
wave, a laser wave, a sound wave, or an electrical wave propagated over a global network
such as the Internet, or other network(s)). Such carrier medium or signals provide at least a
portion of the software instructions for the present invention routines/program 92.

[0069] In alternate embodiments, the propagated signal is an analog carrier wave or
digital signal carried on the propagated medium. For example, the propagated signal may be
a digitized signal propagated over a global network (e.g., the Internet), a telecommunications
network, or other network. In one embodiment, the propagated signal is a signal that 1s
transmitted over the propagation medium over a period of time, such as the instructions for a
software application sent in packets over a network over a period of milliseconds, seconds,
minutes, or longer. In another embodiment, the computer readable medium of computer
program product 92 is a propagation medium that the computer system 50 may receive and
read, such as by receiving the propagation medium and identifying a propagated signal
embodied in the propagation medium, as described above for computer program propagated
signal product.

[0070] Generally speaking, the term “carrier medium” or transient carrier encompasses
the foregoing transient signals, propagated signals, propagated medium, storage medium and
the like.

[0071] Fig. 9 1s a flow diagram 900 of embodiments of the present invention. Computer
routine or procedure 900 supports user interface 17 and operations thereof as described
above. In particular, at step 901, computer routine 900 renders a representative illustration of
a hypothetical bio-manufacturing facility in user interface 17. The non-limiting

representative illustration is a video graphic model responsive to user interaction therewith.
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For non-limiting example, under user control (command) step 902 navigates through model
views of the facility, toggles views between multi-use and single use per user selection, and
displays various images (magnified, rotated, changed perspective) of certain equipment from
image database 16. Similarly step 903, in response to user input, (1) selects and specifies a
subject biomanufacturing process, and (i1) selects and specifies certain equipment (including
sizing, as function of user specified scale of operation) and services per step of the subject
bio-manufacturing process. Step 903 also executes the Rules engine 13 for the various rules
described above including per bio-manufacturing step determining best practice, expert
techniques, and right fit equipment/services/consumables from data store 12 information.
[0072] The output of routine 900 is a virtual model 905 of the user selected subject bio-
manufacturing process instrumented with a best practice and/or right fit set of certain user-
specified equipment from image data base 16 for carrying out or otherwise implementing the
subject bio-manufacturing process. The virtual model 905 or defining set of user specified
equipment may be saved in computer memory, sent (shared) with other network users, and/or
otherwise stored (archived, etc.).

[0073] While this invention has been particularly shown and described with references to
example embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made therein without departing from the scope of the
invention encompassed by the appended claims.

[0074] For example, the foregoing described animated dots or circles along pathway 41 at
the process steps 25, 26, 27, 28, 29 may be emanating concentric circles, flashing beacon
lights, siren lights or of other eye-catching (attention getting) construction. Various graphical

arts techniques can be employed to implement such aspects of the pathway 41.
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CLAIMS

1. A computer system for instrumenting a bio-manufacturing process, comprising:

A) a data store in computer memory and holding information regarding one or more bio-
manufacturing processes, for each process, the information including:

(i) asequence of steps forming workflow of the bio-manufacturing process, and

(ii) per step indications of equipment and services supporting the step;

B) one or more processors coupled to access the data store and an image database, the
image database storing digital images of certain bio-manufacturing equipment, for each of the
certain pieces of bio-manufacturing equipment, the image database having digital images of
different views of the piece of bio-manufacturing equipment, and the processors associating
equipment indicated in the data store with corresponding images of the bio-manufacturing
equipment in the image database; and

C) avideo-graphic user-interface executed by a computer in communication with the one
or more processors and enabling user interactive input regarding a subject bio-manufacturing
process from the data store, the user-interface displaying a model representation of a hypothetical
bio-manufacturing facility deploying the subject bio-manufacturing process, the displayed model
representation being navigated under user-control, and the user-interface interactively displaying
various views of the model representation in a manner that provides to a user:

(i) an overview of candidate pieces of equipment and corresponding services for
the subject bio-manufacturing process, the candidate pieces of equipment being from the
image database,

(ii) a layout of equipment from the image database and corresponding services
required to execute a given step in the subject bio-manufacturing process according to
best practice as determined by the processors executing logic rules to process the data
store information, and

(iii) a sense of scale, relationship, and physical connections between pieces of
equipment used in the subject bio-manufacturing process,
the user input to determine various factors required to produce the amount of product

specified or entered by the user resulting in a best practice and/or right fit set of user-selected

equipment from the image database for carrying out the subject bio-manufacturing process.

2. A computer system as claimed in Claim 1 wherein the one or more bio-manufacturing processes

include bio-pharmaceutical processes that produce: vaccines, plasma, blood



-19-

products, monoclonal antibodies, antibody fragments, stem cells, antibody drug conjugates, allergenics,

gene therapeutics, and bio-similar drugs.

3. A computer system as claimed in Claim 1 wherein:
the one or more processors determine, from the data store information, right fit equipment
recommendations and bio-manufacturing process step recommendations according to best practices; and
at each of the process steps for the subject bio-manufacturing process in the displayed model
representation, the user interface highlights step appropriate equipment, pertinent collateral and
corresponding services enabling the user to efficiently make appropriate selection of the certain pieces of
equipment for the subject bio-manufacturing process.

4. A computer system as claimed in Claim 3 wherein the highlights include user-interactive

pulsating beacons and user-interactive color-coded icons.

5. A computer system as claimed in Claim 1 wherein the user interface enables the user to specify
each step of the subject bio-manufacturing process as having disposable equipment or multi-use
equipment, optionally resulting in the subject bio-manufacturing process being of a hybrid process

format.

6. A computer system as claimed in Claim 5 wherein the one or more processors execute logic rules

that ensure: cross equipment compatibility, and resulting workflow configuration viability.

7. A computer system as claimed in Claim 1 wherein the one or more processors adjust sizing of the

candidate equipment as a function of user-specified scale of the subject bio-manufacturing process.

8. A computer system as claimed in Claim 7 wherein sizing of the candidate equipment is based on

approximate volume to be handled by the subject bio-manufacturing process.

0. A computer system as claimed in Claim 1 wherein the user interface as supported by the image

database displays individual views of the candidate pieces of equipment, and
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enables the user to selectively telescope (zoom) in and out of displayed views of the candidate pieces of

equipment.

10. A computer system as claimed in Claim 9 wherein the views of the candidate pieces of equipment

include 3D views or renderings.

11. A computer system as claimed in Claim 1 wherein the user interface highlights related pieces of
equipment in the subject bio-manufacturing process and displays how the related pieces of equipment
interact and connect to each other.

12. A computer system as claimed in Claim 11 wherein the highlighted related pieces of equipment
are color coded.

13. A computer-based method of modeling a bio-manufacturing process, comprising:

storing in computer memory information regarding one or more bio-manufacturing processes, for
each process, the information including:

(i) asequence of steps forming workflow of the bio-manufacturing process, and

(ii) per step indications of equipment and services supporting the step according to best practice

and/or experts;

accessing with one or more processors the computer memory information and an image database,
the image database holding digital images of certain bio-manufacturing equipment, for each of the certain
pieces of bio-manufacturing equipment, the image database having digital images of different views of
the piece of bio-manufacturing equipment, and the processors associating equipment indicated in the
computer memory information with corresponding images of the biomanufacturing equipment in the
image database; and

providing a video-graphic user-interface executed by a computer in communication with the one
or more processors and enabling user interactive input regarding a subject one of the bio-manufacturing
processes, the user-interface displaying a model representation of a hypothetical bio-manufacturing
facility deploying the subject bio-manufacturing process, the displayed model representation being
navigated under user-control, and the user-interface interactively displaying various views of the model

representation in a manner that provides to a user:
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(i) an overview of candidate pieces of equipment and corresponding services for the subject bio-
manufacturing process, the candidate pieces of equipment being from the image database,

(ii) a layout of equipment from the image database and corresponding services required to
execute a given step in the subject bio-manufacturing process according to best practice and/or expert
technical experience as determined by the one or more processors executing logic rules to process the
computer memory information, and

(iii) a sense of scale, relationship, and physical connections between pieces of equipment used in
the subject bio-manufacturing process,

the user input to determine various factors required to produce the amount of product specified or
entered by the user resulting in a set of user-selected equipment from the image database for carrying out
the subject bio-manufacturing process according to best practice as determined by the one or more

processors executing logic rules to process the computer memory information.

14. A computer-based method as claimed in Claim 13 wherein the one or more bio-manufacturing
processes include bio-pharmaceutical processes that produce: vaccines, plasma, blood products,
monoclonal antibodies, antibody fragments, stem cells, antibody drug conjugates, allergenics, gene

therapeutics, and bio-similar drugs.

15. A computer-based method as claimed in Claim 13 further comprising: at each of the process
steps for the subject bio-manufacturing process in the displayed model representation, highlighting in the
user interface step appropriate equipment and corresponding services enabling the user to efficiently

make appropriate selection of the certain pieces of equipment for the subject bio-manufacturing process.

16. A computer-based method as claimed in Claim 15 wherein said highlighting includes employing

user-interactive pulsating beacons and user-interactive color-coded icons.

17. A computer-based method as claimed in Claim 13 wherein the user interface enables the user to
specify each step of the subject bio-manufacturing process as having disposable equipment or multi-use
equipment, optionally resulting in the subject bio-manufacturing process being of a hybrid process

format.
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18. A computer-based method as claimed in Claim 17 wherein the one or more processors execute

logic rules that ensure: cross equipment compatibility, and resulting workflow configuration viability.

19. A computer-based method as claimed in Claim 13 wherein the one or more processors adjust
sizing of the candidate equipment as a function of user-specified scale of the subject bio-manufacturing

process.

20. A computer-based method as claimed in Claim 19 wherein sizing of the candidate equipment is
based on a volume to be handled by the subject bio-manufacturing process.

21. A computer-based method as claimed in Claim 13 wherein the user interface as supported by the
image database displays individual views of the candidate pieces of equipment, and enables the user to
selectively telescope (zoom) in and out of displayed views of the candidate pieces of equipment.

22. A computer-based method as claimed in Claim 21 wherein the views of the candidate pieces of

equipment include 3D views or renderings.

23. A computer-based method as claimed in Claim 13 wherein the user interface visually highlights
related pieces of equipment in the subject bio-manufacturing process and displays how the related pieces

of equipment interact and connect to each other.



