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Summary 

Smart Manufacturing and Digital Manufacturing are the evolving descriptors for the business and 
operational application of advanced cyber technologies in manufacturing. The term ‘Manufacturing’ 
refers to anything that is ‘made’ - energy, chemicals, materials, and objects. This workshop brought 
together experts in smart manufacturing and digital manufacturing, industry, and academia, cutting 
across the sectors of continuous, batch, discrete and hybrid manufacturing. The workshop objectives 
during 2/23-24/2015 were to build a common understanding and use of terminology and to then 
delineate research areas and opportunities with greater precision. The workshop report is an 
independently developed assessment and summary of the results reflecting a consensus by each 
breakout group on relevant definitions and research areas and their scope. A key outcome of this 
workshop is the expression of the report structure itself – (1) the semantics of Smart Manufacturing and 
Digital Manufacturing, (2) the fundamental role of modeling and (3) the particular descriptions of the 
ASCPM research areas.  The workshop addressed the following key ten questions about advanced 
sensors, controls, platforms, and modeling (ASCPM) for Smart Manufacturing: 

(1) What are crisp definitions/meanings that capture the semantics of advanced manufacturing: 

Sensing, Control, Automation, Platform, Visualization, Informatics, Digital Thread, Design vs. 

Operations, Life Cycle, Model Integration 

(2) What are key attributes that define Smart Manufacturing vs. Digital Manufacturing? 

(3) What modeling, data and infrastructure elements overlap and/or intersect? 

(4) What are the key fundamental research challenges in sensors and monitoring, controls and 

processes, platforms and standards, and supply chains and scheduling; and how do they relate to 

different manufacturing and enterprise structures – continuous, batch and discrete (building off 

AMP 2.0 workgroup summaries)? 

(5) What roles do models play in addressing research challenges? 

(6) What are the needs in visualization and data informatics in each area? 

(7) How do research needs impact platform infrastructure requirements? 
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(8) What are the potential impacts of ASCPM R & D on energy efficiency/carbon emissions, 

environment and safety? 

(9) What are compelling industrial vignettes for ASCPM successes? 

(10) What are the sensor, control, platform and software barriers to achieving success? 

The Appendices included in this report contain particularly valuable detailed information and insights. 
Great care was taken to include the direct results in the Appendices from each of many breakout 
sessions designed to bring different viewpoints together in answering specific questions. The reader is 
encouraged to validate the summary with the detailed results in the Appendices.  
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NSF Workshop: High Priority Research Areas on 
Integrated Sensor, Control and Platform Modeling 

for Smart Manufacturing 
Atlanta, GA 

February 23-24, 2015 

Background and Introduction 

In October 2014, the President’s Council of Advisors on Science and Technology (PCAST) released the 

report of the Advanced Manufacturing Partnership (AMP) 2.0 Committee entitled, “Accelerating U.S. 

Advanced Manufacturing”. The report motivated next generation advanced manufacturing focusing on 

enabling innovation, securing the talent pipeline, and improving the business climate for U.S. growth 

and competitiveness.  The report further identified and recommended the alignment of efforts and 

resources to address next generation advanced manufacturing IT infrastructure technologies critical to 

U.S. competitiveness, encompassing growth, dynamic performance, energy and material usage, 

environmental sustainability and zero incidents. Advanced Sensing, Control, and Platforms for 

Manufacturing (ASCPM) and Visualization, Informatics, and Digital Manufacturing Technologies (VIDM) 

were presented as comprehensive technology priorities: 

 

“Advanced, Sensing, Control, and Platforms for Manufacturing (ASCPM): A new generation of 

network based information technologies has created access to new uses of data and information as 

new products and manufacturing methods are developed. These technologies make a seamless 

interaction between cyber and physical assets possible. The research in this space is focused on 

embedded sensing, measurement and control systems with scalable IT platforms.” 

“Visualization, Informatics, and Digital Manufacturing Technologies (VIDM): This technology is 

important as researchers and manufacturers move from digital design, to planning, to purchasing 

and delivery of raw materials, and finally to the manufacture of customized products. One aspect of 

the technology deals with supply chain efficiency, and the other aspect deals with the speed with 

which products are designed, manufactured and brought to market. The research in this space is 

focused on sensing, measurement and control systems embedded into materials and technologies. 

When this link is strong, it increases productivity, product and process agility, environmental 

sustainability, improved energy and raw material usage, better safety performance and improved 

economics.” 

Smart Manufacturing and Digital Manufacturing are the evolving descriptors for the business and 

operational application of these advanced cyber technologies in manufacturing. The term 

‘Manufacturing’ is, itself, used to reference anything that is ‘made’ - energy, chemicals, materials, and 

objects.  As defined in the recent AMP 2.0 workgroup reports that supported the PCAST/AMP 2.0 report, 

technologically, Smart Manufacturing encompasses ASCPM while Digital Manufacturing, Visualization 

and Informatics are closely aligned, emphasizing life cycle design innovation. While generally still early in 

adoption, enterprise implementation of ASCPM and Smart Manufacturing has seen somewhat wider 
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adoption in the chemical and process industries while VIDM and Digital Manufacturing have been 

applied more in the discrete product and assembly industries.  

 

When taken together the respective Smart Manufacturing and Digital Manufacturing cyber technologies 

areas can reflect technology differences because of different drivers. However, significant overlaps and 

complements occur depending on the layer and method of technology deployment (see Fig. 1). It is well 

established that product design, manufacturing process design, product life cycle planning, 

manufacturability, and the actual manufacture and delivery of a product or material are interlinked 

regardless of continuous, batch and discrete manufacturing structures. As advanced physical 

manufacturing technologies progress in areas that include process intensification, new energy sources 

and new materials processes, energy grid, and 3D printing, there is significantly increased emphasis on 

product customization and value, dynamic and agile performance, and product acceleration and 

innovation , which are all amplified in the development and application of models.  

 

Figure 1: Parallel Connections of Smart Manufacturing and Digital Manufacturing 

In planning this workshop, Dr. Thomas F. Edgar (Co-Chair, UT) and Dr. Jim Davis (Co-Chair, UCLA) worked 

with an interdisciplinary team of 10 people: Michael Baldea (UT), Maria Burka (NSF), Iiro Harjunkoski 

(ABB), Tom Kurfess (GA Tech), Christos Maravelias (UWisconsin), Stephen Prusha (JPL), Alex Reed 

(Tulane), Tariq Samad (Honeywell), Shreyes Melkote (GA Tech), and Denise Swink (DOE retired). Julie 

Tran (UCLA), Brenda Greene (GA Tech), and Kristine Poland (UT) provided planning support for the 

workshop as well as generated workshop documents. 
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The February, 2015 workshop at Georgia Tech (Atlanta, GA) considered real-time sensing, control, 

platform systems, and cyber technologies.  The ASCPM components relate to the manufacturing process 

and are mutually linked with visualization digital design and manufacturing (VIDM).  The workshop 

assembled research and industrial experts from a cross section of continuous, batch, discrete, and 

hybrid manufacturing interests (see Appendix I).  These individuals represent a cross-section of experts 

in the application of real-time enterprise smart and digital manufacturing technologies, including real-

time process management, online control, process simulation, advanced modeling, data analysis, supply 

chain management, product improvement, and production design optimization. An important objective 

was to understand how these interlinked cyber technologies are appropriately balanced and integrated 

for continuous, batch, and discrete industry applications with a view toward next generation 

manufacturing technology trends.  

The agenda is shown below. Four breakout groups for each session were constructed so that diverse 

points of view were obtained from academia, government, chemical engineering, and mechanical 

engineering, and types of industries (batch, continuous, and discrete). Specific questions were posed for 

each breakout session, as shown in the agenda. 

Workshop Agenda 

Day 1 – Setting the Context 

10:00 am Keynote: Smart Manufacturing and Digital Manufacturing—New Research Directions 

Arising from AMP 2.0  

Tom Kurfess (Georgia Tech) and Ravi Shankar (Dow Chemical) 

11:00 am Breakout Session 1-Smart Manufacturing Semantics 

Question 1: What are crisp definitions/meanings that capture the semantics of 

advanced manufacturing: Sensing, Control, Automation, Platform, Visualization, 

Informatics, Digital Thread, Design vs. Operations, Life Cycle, Model Integration 

Question 2: What are key attributes that define Smart Manufacturing vs. Digital 

Manufacturing? 

Question 3: What modeling, data and infrastructure elements overlap and/or intersect? 

2:00 pm Breakout Session 1 Reports 

2:30 pm Break 

3:00 pm Breakout Session 2-Fundamental Research Needs for ASCPM  

Breakouts organized by (S) sensors and monitoring; (C) controls and processes; (P) 

platforms and standards; and (SC) supply chains and scheduling. 

Question 1: What are the key fundamental research challenges in each area, and how 

do they relate to different manufacturing and enterprise structures – continuous, batch 
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and discrete (building off AMP 2.0 workgroup summaries)? 

Question 2: What roles do models play in addressing research challenges? 

Question 3: What are the needs in visualization and data informatics in each area? 

Question 4:  How do research needs impact platform infrastructure requirements? 

5:30 pm Break for dinner (self-organized), prepare reports 

Day 2 – Setting the Stage for Research Needs in SM 

9:00 am  Breakout 2 Leaders Summarize Day 1 Conclusions and Findings  

10:00 am Observations on Research Needs (Industrial/Academic Panel) 

11:00 am Discussion (Full Group) 

12:00 pm Breakout Session 3-Other Dimensions of Near and Long-range R&D Opportunities 

Question 1: What are the potential impacts of ASCPM R & D on energy efficiency/carbon 

emissions, environment and safety? 

Question 2:  What are compelling industrial vignettes for ASCPM successes? 

Question 3:  What are the sensor, control, platform and software barriers to achieving 

success? 

Question 4:  What Apps could be broadly used for ASCPM? 

2:00 pm Breakout Reports and Closing Comments 

3:00 pm Depart 

The detailed summaries from each breakout session and the keynotes are included in Appendices II-VI. 

Copies of presentation slides are also included there. Below we summarize perspectives and conclusions 

from the workshop. Multiple points of view are included since achieving a consensus was not considered 

to be a feasible goal for the workshop. On the second day of the workshop, distinguished 

industrial/academic panel reacted to the findings of the second breakout session; comments are 

recorded in Appendix IV. Finally the workshop concluded with impacts of SM on energy and the 

environment and identified barriers to achieving success (Appendix V). 

 

Smart Manufacturing and Digital Manufacturing 

After keynote presentations by Dow Chemical Company and Georgia Tech (see Appendix VI), the 

workshop moved to refine the definitions of smart manufacturing and digital manufacturing (see Fig. 2).  

The resulting definitions were heavily influenced by the background of the participants.  One obvious 

difference was seen between groups with a background in discrete manufacturing (such as Automotive) 
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and those with a background in continuous processes (Chemical Production).  A general consensus 

found that “Advanced Manufacturing” is a more comprehensive and encompassing term that can 

include continuous and batch processing and discrete production.  

Figure 2: Attributes of Smart, Digital, and Advanced Manufacturing 

Modeling: The Underlying Foundation of ASCPM 

Modeling in the most general sense is the use of a mathematical description to simulate and analyze a 

physical system.  Models can be used at every point in the product life cycle.  Design models are used to 

optimize a product and investigate product quality, reducing the requisite amount of expensive or 

impossible experimental validation.  Models are also used in manufacturing for control and operation.  

Models may also be used post-production to examine degradation and disposal issues.  Models can 

represent a product, a manufacturing process, or a business activity. 

Models in support of advanced manufacturing must meet many requirements.  Ideally, federated 

models would be developed for the product.  The product model could incorporate CAD drawings, 

consumer requirements, experimental data, and simulation results.  This product model could be 

incorporated with models of the production process.  Production method limitations will influence 

product design.  Product models and production process models could be used for advanced 

manufacturing cyber applications.  During the manufacturing process, mathematical models tied to 

advanced sensing will provide decision support.  Models are also necessary for control of the 

manufacturing process, use of online fault monitoring methods, and implementation of state estimation 
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techniques.  At a higher level, plant-wide or industrial-scale models can also tie into product and process 

models to improve quality and efficiency by supporting business decisions.  Models are currently used 

for many different applications, but in many cases little has been done to integrate modeling efforts.  

This results in significant duplication of effort and lengthening of the product cycle.       

There are many diverse goals for developing models.  Sensing and modeling could be combined during 

manufacturing to provide additional information to the producer and consumer.  Models should provide 

an intuitive level of abstraction, as models can be developed at many scales, describing everything from 

molecular interactions to business-wide distribution networks.  Practitioners will decide what to model, 

how to create the models, and the right level of accuracy for the models. Ideally, modeling efforts would 

be simple to implement, requiring limited time, effort, and advanced knowledge to implement.  An 

overall modeling framework should be able to readily accommodate a wide range of integrated design, 

production, and business operations. 

To make improvements in advanced manufacturing, a platform infrastructure should be made available.  

A general purpose platform could serve as the backbone of an advanced manufacturing effort, allowing 

for the various modeling activities to grow and develop (see Fig. 3).  Platform requirements describe the 

cyber infrastructure that will allow interoperability and connectivity of the various modeling 

components. 

 

 

Figure 3. The Ubiquity of Models and Data in Advanced Manufacturing 

New Areas of Research for Smart Manufacturing 

Sensors and Monitoring - Low-cost sensing technology will play a key role in future development for 

smart manufacturing.  This measurement data is key to making improvements in the manufacturing 

process.  Smart sensing includes new sensing methods, real-time process analysis, wireless connectivity, 

and sensors integrated with new cyber technologies.  These advanced sensors may be able to 



11 
 

autonomously manage and evaluate sensor health, continuously quantify measurement uncertainty, 

and support efficient calibration procedures.  Smart sensors enable a wide range of advanced 

manufacturing capabilities.  Product sampling for quality control testing can be reduced when advanced 

measurement information is properly integrated into the production process.  Sensors provide 

information for validation and improvement of models.  A mathematical model has limited use until 

measurements are used for model validation.  As a system changes with time, process sensor values can 

be used to update the process models, allowing for various advanced manufacturing improvements.  

Additionally, better sensing leads to quantification of process variability and uncertainty. Improvements 

in sensor capabilities and industrial networking will provide large amounts of data.  This “big data” 

problem leads to issues related to visualization and informatics.  Without strong visualization and 

analysis techniques, big data can result in limited usefulness.  Data compression and data security are 

also relevant issues that must be addressed.  Practical concerns include integration of new sensor 

systems with legacy machines and processes.  Sensor calibration and maintenance are also real-world 

problems that could have substantial impact in industry.  See Appendix II for more details. 

Control and Automation - Control and automation systems use computers to make improvements in a 

manufacturing process.  Process improvements can include increased efficiency, lower cost, higher 

throughput, and lower variance.  Advanced control systems require accurate process models.  

Opportunities exist for smart control and automation to support optimal decision making, enterprise 

modeling, and process analytics.  Current technologies do not readily support rapid integration across 

various business and production applications.  Simulation based control strategies such as model 

predictive control can be used to improve the production process.  Future control methods should 

better support short-term scheduling, longer-term planning, and economic optimization.  Control and 

automation would also benefit from improved modeling efforts.  Process information is not typically 

available across all levels; design information is not always used for manufacturing and manufacturing 

information is not used to develop control or monitoring systems.  Data at all levels should be 

orchestrated, available, and used by various applications and services.  Applications and services should 

be interoperable and extensible.  Process monitoring is a relevant segment of control and automation 

where data and models are used to diagnose abnormal situations while helping in mitigation of negative 

consequences. See Appendix III for more details. 

Supply Chains and Scheduling - Supply chain management challenges include improving the models 

used to represent the manufacturing systems. In particular, the lack of formal models for representing 

large-scale discrete manufacturing facilities was emphasized. In a different vein, more efforts should be 

directed towards capturing, characterizing and mitigating uncertainty in the operation of manufacturing 

systems (caused, e.g., by variability of orders and deliveries, but also, increasingly, by fast fluctuations 

such as those observed in, e.g., energy prices). The use of historical data for improving system models 

and uncertainty models should be extended, and methods for verifying the quality of solutions obtained 

by accounting for uncertainty should be developed. Moreover, these modeling and analysis efforts 

should be directed towards systems of ever larger scale; as a complementary direction, significant work 

will be required to expand the capabilities of current numerical optimization algorithms, such that very 

large scale problems can be addressed in practical amounts of time.  
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Platforms and Standards - encompass machine-to-process-to-plant-to-enterprise-to-supply-chain 

aspects of sensing, instrumentation, monitoring, control, and optimization, including hardware and 

software platforms for industrial control and automation. A new generation of networked based 

information technologies, data analytics and predictive modeling is providing unprecedented 

capabilities as well as access to previously unimagined potential uses of data and information not only in 

the advancement of new physical technologies, materials and products but also the advancement of 

new, radically better ways of doing manufacturing, processing materials and interoperating with 

material and energy resources  The platform is the informatics infrastructure that allows industry to 

develop and deploy relevant smart applications.  This allows for consistent applications to be joined 

together, even between businesses.  Open interfaces, protocols, and standards will aid in platform 

development, allowing for plug-and-play interoperability in the platform.  In focusing on the 

manufacturing or production stage of the product life cycle, platform technologies are strategically as 

important for U.S. manufacturing as are the design, new product and digital thread technologies.  They 

offer the technical elements needed in smart manufacturing that is about enabling seamless 

interoperation of cyber and physical assets to increase productivity, product and process agility, 

environmental sustainability, energy and raw material usage, and safety performance as well as 

economic performance.  

Platform infrastructure is particularly well suited for supporting and facilitating hybrid systems 

methodologies among design, control and orchestration in heterogeneous environments. In design, 

system, material, and product design models validated for manufacturing application can be 

accommodated as real-time analytic, model, and simulations to provide decision support or insertion in 

control and automation plans. A Smart Manufacturing (SM) platform supports reuse and ready 

application of models and analytics at the level of need and readiness. By incorporating these 

methodologies, design models become a major source of software through the SM Platform 

Marketplace and the systems risk based methodology for resourcing and building models provides a 

verification, validation, and certification process for the models. In reverse, the SM Platform similarly 

supports a mechanism to identify, exercise, and evaluate emerging manufacturing technologies from 

research organizations, as model elements of larger scale commercial system design emerge. The 

infrastructure allows for virtual test and analysis in early design phases using model representations in a 

free market library available to qualified commercial entities. The SM Platform also provides a pathway 

to think about new scaled modeling methods that include not only a build up to broad enterprise 

analytics but the ability to model the impacts of scaled infrastructure for the enterprise. See Appendix III 

for more details. 

Digital Manufacturing – Somewhat different from Smart Manufacturing, Digital Manufacturing focuses 

on the use of integrated, computer-based systems comprised of simulation, three-dimensional (3D) 

visualization, analytics and various collaboration tools to create product and manufacturing process 

definitions simultaneously. Manufactured artifacts move seamlessly through conception, design 

modeling, analysis and manufacture. Digital Thread is often associated with Digital Manufacturing 

referencing the integrated chain of data from conception to manufacture to end product, i.e. the design 

to manufacturing product lifecycle. Digital Manufacturing objectives are concentrated on new products 
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and shortened design to manufacturing life cycles and new product changeovers. Time is about more 

design options in reduced time and reduced time to market. Digital Manufacturing addresses energy 

with new products and materials that lower energy requirements at the user level and are recyclable. 

Modeling is focused on design, prototyping, and use of CAD, CAE and CAM technologies and facilitation 

of a digital thread. See Appendix II for more details. 

Visualization, Informatics, and Digital Manufacturing (VIDM) is the set of integrated, cross-cutting 

enterprise-level smart-manufacturing methodologies leveraging information technology systems that 

will improve U.S. manufacturing competitiveness through end-to-end supply-chain efficiency, 

unprecedented flexibility, and optimized energy management to achieve error-free manufacturing of 

customized products and components from digital designs, when needed and where needed. The key 

drivers of VIDM are: 1) Increased R&D and manufacturing integration with end to end speed and 

productivity, supply chain efficiency, process yields, energy efficiency, improved sustainability; and 2) 

Improved process safety, flexibility, agility, configurability, and increased job satisfaction and pride. 

VIDM is focused into three sub-areas – Digital Thread; 2) Integrated Information Systems; and 3) 

Manufacturing Big Data and Analytics. See Appendix II for more details. 

Modeling – Advanced modeling cuts across and unifies all of the areas mentioned above. Process 

models and product models are moving toward more complexity.  Large-scale models attempt to 

provide a much higher level of detail.  Methods for using hierarchical and distributed approaches could 

enable significant improvements.  This can be seen in efforts to extend models from 1D or 2D to 3D 

which often leads to computational complexity.  Increased sensing and access to data leads to problems 

related to unstructured information, correctness verification, model clarity, and model resilience.  

Development of large-scale, hierarchical, high fidelity models presents challenges for process control 

and optimization.  Specifically, advancements could be made in control of difficult (nonlinear, stochastic, 

hybrid) systems, planning, and use of unstructured information.   There is a perceived gap between 

models used for process scheduling and for process control.  Methods should also attempt to account 

for uncertainty in operations in order to allow for robust operations.  For example, historical data could 

potentially be used for determining the extent of model uncertainty.  Uncertainty leads to difficulty in 

verification of process control and optimization solutions.  Additionally, uncertainty in cost variability is 

rarely included in scheduling and optimization work. 

The potential of mutually supportive intersections is evident with existing and new comprehensive 

systems modeling methodologies that extend model breadth beyond traditional process simulations or 

traditional CAD based geometrical designs to include integrated programmatic, system interfaces, multi-

dimensional risk, supply chain, environmental, and other market features. In result, the product and 

system design model can evolve as a full lifecycle construct from conceptual design through 

manufacturing and operation in a rapid fashion. Models and simulations that have been driven in 

traditional ways give way to systems-defined models that are direct reflections of the product or 

material and the manufacturing process. Planning resources for design models are allocated relative to 

design, planning, and operational risks. These risks in turn determine the level of model fidelity needed. 

During manufacturing, data from suppliers as well as the factory floor are integrated with these models 

of product and process performance to produce significantly better-informed decisions and predictions 
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of operational and business performance. In conducting design and planning processes with this system 

and risk perspective, the materials and design models are by definition ready for production and can 

serve a range of manufacturing objectives that include source material or product qualification, in 

production material and process qualification, and a range of enterprise operations and optimizations. 

As risks are addressed and new bottlenecks and opportunities become apparent, the models can be 

updated for these new risks and at the same time remain viable for production use. 

Intersections are also evident with Smart Manufacturing modeling that supports cross seam modeling 

situations such as human-in-the-loop involvement, enterprise modeling where first principles models 

are typically unavailable or insufficient, modeling when there is insufficient information or exemplars to 

build data-based models and modeling when there is a need to mix or merge different kinds and sources 

of data including numeric and symbolic forms. This form of modeling supports cyber tasks that need to 

be decomposed when they cannot readily be formulated as time integrated and synchronized or need 

different resources to achieve and provides a construct for stitching or linking applications and/or data 

heterogeneous environments. This is contrasted with smart control and automation modeling, which is 

characterized by sensor-to-actuator models and associated physical facilities that function within a 

common time frame that has been defined a priori. Cyber tasks, physical actions and system resources 

are well-defined in time and tightly integrated such that time and data collection rates are synchronized 

by the fastest physical operation time constant needs.   
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Appendix II. Breakout Session 1– Smart Manufacturing Semantics 

Question 1: What are crisp definitions/meanings that capture the semantics of advanced 

manufacturing: Sensing, Control, Automation, Platform, Visualization, Informatics, Digital Thread, Design 

vs. Operations, Life Cycle, Model Integration 

Question 2: What are key attributes that define Smart Manufacturing vs. Digital Manufacturing? 

Question 3: What modeling, data and infrastructure elements overlap and/or intersect? 

Group 1 Notes 

Question 1: What are crisp definitions/meanings that capture semantics of advanced manufacturing: 
sensing, control, automation, platform, visualization, informatics, digital thread, design versus 
operations, life cycle, model integration? 

Aggregate definition 

 Difficult to come up with specific standard definition 
‐ Industry-dependent (aerospace, automotive, chemical, pharmaceutical,…) 
‐ Discrete/continuous production dependent 

 PCAST definition  
‐ Family of activities that (a) depend on the use and coordination of information, 

automation, computation, software, sensing, and networking, and/or (b) make use of 
cutting edge materials and emerging capabilities enabled by the physical and biological 
sciences. 

 Definition attempts: 
‐ Use of digital data for optimizing manufacturing processes 
‐ Uses complementary power of data, models, material, optimization, control and 

infrastructure to achieve a step change in current paradigm 

Piecewise-definition: advanced = all, conventional = some 

 Sensing:  
‐ Definition: measurement, hard and soft sensing (low-level data) 
‐ Needs: reliable, low-cost, calibration-free sensing technologies 

 Control:  
‐ Definition: action based on measurements 
‐ Needs: reliability, user-friendly control interfaces 

 Automation:  
‐ Definition: replacing manual tasks 
‐ Needs: low-cost, multi-functional automation technologies 

 Platform: 
‐ Definition: software (computing architecture, applications) and hardware that enable 

cross-enterprise sensing, control, automation 
‐ Needs: open-source, interoperability, standard interfaces, integration 

 Visualization: 
‐ Definition: enabling display of process and product data 
‐ Need: approachable GUI interfaces for users 

 Informatics: 
‐ Definition and needs: data mining, analytics 
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 Digital thread:  
‐ Definition: data pertaining to design – manufacturing – end of use – EOL (or digital 

tapestry according to LM) 
‐ Needs: information traceability, security 

 

 Design versus operations 
‐ Definition: product specification data, manufacturing processing data 
‐ Need: seamless integration of data 

 Life cycle 
‐ Definition: resource consumption and waste generation in processing 
‐ Need: integrated LCA in production for consumers, planning tools for industry for 

transitioning small scale discovery to large scale production 
 Model integration 

‐ Definition and need: individual machine models (component) and end-to-end system 
models (aggregate) 

Group 2 Notes 

Definitions for Advanced Manufacturing (AM) 
 

One participant said, “I know AM when I see it”, another said “AM is in the eye of the beholder”.  There 
were many definitions of AM that were proposed, the common thread being almost anything that 
makes manufacturing more efficient than before.  After a while, what was AM at first becomes routine. 
 
Some of the definitions of AM proposed: 
 

 AM is anything that improves the continuum of interests in the manufacturing sector.  AM is 
wherever a process could be improved, higher precision achieved, new materials produced 

 

 AM depends on the historical era, it has been talked about for many years, at least 30.  From 
manufacturing side the definition hasn’t changed much in 30 years but the technologies have 
changed 

 

 AM concerns automation, robotics.  AM involves process optimization, reduction of rate limiting 
steps, e.g. manual sampling 

 

 AM involves no-touch manufacturing, which is flexible, creating higher level skills, at whatever levels 
are needed. 

 

 AM involves producing things you couldn’t otherwise produce; e.g. For in situ microstructure, 
multidisciplinary technologies brought together at state of the art, to deploy a system that couldn’t 
be done with a traditional process 

 

 AM ensures scale up and reproducibility.  E.g. Boeing wants to make a composite-based plane.  They 
had to put together varying technologies to make what they couldn’t make before 
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 AM means minimizing capital/time needed to re-organize for new manufacturing capability.  It can 
provide a way to automate your recipe 

 

 “Advanced” is a relative term, not an absolute term 
APC=advanced process control 
 

 A technique in 2000 that was APC, does it graduate out of the category. 
 

 It’s really the ability to measure and have more control over manufacturing 
 

 There is not a single sufficient term that defines Advanced Manufacturing   
 

 The level of human supervision is reduced; the moment one has plug and play, one is at the AM 
level. 

 

 AM is whatever yields improvements in efficiency, productivity, profit by way of using data 
algorithms, etc. 

 

 What Advanced Manufacturing is NOT: Where the process is well understood and has been 
implemented. 

 
Differentiate ‘Smart Manufacturing’ (SM) and ‘Digital Manufacturing’ (DM) 
 

‐ The origin of DM is in the CAD community, in digital representation of objects and their 
subsequent manufacture.   Growing from the mechanical and industrial engineering community it 
has become quite sophisticated and is often referred to as ‘Digital thread’ or ‘digital tapestry’, 
whose use is especially prominent in the defense and aerospace industries.   

‐ DM allows, for example simulations of devices and processes, before carrying them out physically;  
e.g. CNC making objects in virtual form through to assembly.  DM is technical and about actual 
manufacturing, not about management aspects. There are legacy notions of DM, which should be 
preserved and are taken from the communities in which they are operative, MEIE, DoD.  Started 
from the CAD community 
 

The question arose: Is DM object-oriented? (e.g., designing and building a specific molecule) What about 
computer assisted materials design?  Is that part of it? 
 

‐ SM has been described as more ‘visionary’ and ‘philosophical’ than DM as it makes informed, 
model based decisions, etc., whereas DM is technical and does not refer to broad industrially 
important factors such as supply/demand, geography, transportation, market conditions, etc.  
Enterprise decision making based on local, national and global market conditions, materials 
logistics, supply chain 

‐ SM is a philosophical or visionary system concerned with model based decision making that 
impacts all aspects of manufacturing –market, supply chain, safety, downtime of machines, 
logistics, profit , design, processes, production, etc. -  DM, concerned with technical 
representations and manufacturing,  is one of the engineering tools available to SM to carry out 
these tasks. 
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‐ An important outcome of SM is agility, sustainability, and quality for a manufacturing operation to 
adapt quickly (e.g., a hurricane is coming; ramp up roofing manufacturing and distribution). 

 
‐ SM moves more towards model-based vs human experience decision making.  Having a model at 

the basis is less dependent on specific people; SM seeks more autonomous decision making to 
deliver agile, sustainable, high quality products. 

 
‐ SM involves, Data, information, knowledge, leading to smart, robust decisions and robust models 

that connect inputs to outputs 
 
Smart Manufacturing Definition #1 
Smart Manufacturing is an enterprise wide, dynamic, model based, decision making system for all 
aspects of manufacturing operations, which leads to optimization of agility, sustainability, and quality.  It 
takes copious and diverse data to produce information from which knowledge is forged to make robust 
decisions. 
 
Smart Manufacturing Definition #2 
Smart Manufacturing is about Data->Information->Knowledge-> Wisdom (DIKW).   It uses advanced 
sensors to collect data.  Data and models provide real-time information.  Information is then used to run 
the manufacturing plants better and generate knowledge (e.g. reduce energy use, improve quality, 
agility, improve productivity, improve sustainability, etc.).  When knowledge is used across enterprise, 
this is where we have Smart Manufacturing and Wisdom. 
 
There are several good google definitions of SM also: 

‐ SM is at an enterprise level; e.g., make widgets even when market has crashed, but in SM you 
know rate of production needed to meet market; integration of market, supply chain, and 
manufacturing measures 

 
Why do we need to distinguish DM and SM?  SM more of a chemical engineering side.  MEIE 
(Mechanical Engineering/ Industrial Engineering) more from DM side (e.g. CNC making object in virtual 
form through to assembly). 
 
SM is less about business decisions, rather how to manage marketing, sales force, etc. if say two 
machines go down, back orders, capacities, etc. 
SM is an overarching platform, directing advanced manufacturing, under which DM is operative 

Group 3 Notes 

What are the crisp definitions/meanings that capture the semantics of advanced manufacturing: 
Sensing, Control, Automation, Platform, Visualization, Informatics, Digital Thread, Design Vs. 
Operations, Life Cycle, Model Integration 
 
Sensors 

‐ Transducers, intelligence, self-awareness, connectivity, monitor state of manufacturing, 
(NOI definitions). 

‐ Should include soft sensing; but data from higher level systems may not fit the soft sensor 
category 
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‐ Sensing vs advanced sensing – sensing is a state.  Going beyond, providing context becomes 
advanced.  Parameterization gives you more 

‐ State of the system = sensor.  Physical state = sensor.   
‐ RFID is a sensor.  Context and communication makes it smart.  Today it requires a team to 

put together a sensor on a machine.  Need easier ways of plug and play.  Self-configuration, 
self-awareness, automatic calibration, reporting of malfunction 

‐ Tell when sensor is not functioning – advanced capability 
‐ Communication protocols that allow information to be available on a cell phone for example 

– advanced 
‐ Is a phone a sensor, or bunch of sensors 
‐ Security and reliability awareness – means smart 
‐ Sensing above the physical state is a sensor?  No. 
‐ Multiple measurements by a single sensor – this is advanced as well. 
‐ Networking sensors = may not be physical, but still measures. 

Control 
‐ Manipulate the state based on data 
‐ Actuation, measurement vs control 
‐ Focus is more process control (discrete, continuous).  But still can have multiple levels of 

definition.  Physical state, all the way up to enterprise, at different time scales.  Algorithms, 
asking someone to take action, to maintain process to a target (stability, performance are 
part of that).   

‐ Control – needs to have sensor, target and an actuator (could be valve, human, etc) 
‐ What is advanced control?  Models, optimization, dynamic/adaptive, predictive (all at 

various levels of the manufacturing 
‐ Is control local or shared?  Shared makes it advanced, and a broader sense 
‐ Automation 
‐ Encompasses everything, too broad 
‐ Is integration part of automation?  Automation = repetitive? 
‐ Right information to make decision is part of automation 

What about monitoring? 
Platform 

‐ Same fabricating environment/infrastructure could mean platform 
‐ But here we mean platform as being something that connects the enterprise.  

Standardization becomes part of it 
‐ Providing tools is part of platform?   
‐ Enables connectivity 
‐ Platform = infrastructure and tools to develop and deploy  
‐ Underpinning that allows you to connect consistent things together 
‐ Platforms could connect suppliers as well 
‐ Platforms enable toolkits to connect 
‐ Common set of rules, protocols that allow different products, elements etc. to work 

together.  Needs to be open.   
‐ Platform is enabler for smart manufacturing 
‐ Expansion, plug and play, interoperability, are all characteristics of platform 
‐ Platform brings information, applications and humans, machines etc. together 
‐ Platform is middle ware 
‐ Provides protocols 
‐ Hardware needs to be part of the platform – e.g., interconnects, communications 
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‐ What is the bus structure for manufacturing platform, so hardware + software 
‐ Platform – architecture/framework  
‐ Platforms vs standard platforms 
‐ Need to define what platform characteristics need to be 

Visualization 
‐ Intended for human user.   
‐ Present right information to right user in the right form at the right time = smart 
‐ Display of information in the right context 
‐ Visualization is limiting:  how about sound/audio?   
‐ DMDI – visualization includes taking information/computational data that human can 

visualize to make decisions on.  Information from multiple sources, sensors, then presenting 
it in a visual manner 

‐ Visualization turns data into information 
‐ Visualization is one form of presentation 
‐ Utility industry – enormous amount of information is visualized.   
‐ “Presentation” is a better word than visualization 

Informatics 
‐ What you do with information 
‐ Data analysis 
‐ Transformation aggregation, processing, etc. before visualization is done 
‐ Different than platform.  Informatics is more about processing.   

Digital thread 
‐ Collection of data from initial creation of product through disposal or reuse 
‐ Digital tapestry, digital quilt 
‐ Data from product design through manufacturing 
‐ Systems will have multiple threads 
‐ Focus on ability, not how exactly to do it 
‐ There is manual translation today in many places 
‐ Any user in the life cycle can consume the data across the enterprise.  All the way from concept 

to re-user (including requirements) 
‐ Birth certificate to death certificate, genealogy, pedigree, are other words, traceability, forensics 
‐ Documentation is part of it 
‐ Pedigree should include materials, not just product 
‐ Where do we draw the line on how far to go (what electricity it used, where it came from, etc.)  

Needs to be in context of the application or product.   
‐ Needs to be system not just product or process 

Design vs operation 
‐ Being more integrated 
‐ Operation makes it – how to do that is design. 
‐ Design has to come before operations, but there is more concurrency these days 
‐ Design for manufacturing – brings these two together – including optimization, iterative 
‐ Transformers 

Life cycle 
‐ Birth to death, cradle to cradle (recycle),  
‐ Going back all the way to the customer need?   
‐ Who made it, who ordered it, how it was made 
‐ Design has lifecycle itself.  Life cycle for manufacturing could include original source?  Or how 

much CO2 was taken up?  Total balance of energy?  Repair is part of lifecycle 
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Model integration 
‐ Need to define what “Model” means here 
‐ Design models, process models, data models 
‐ Model integration into control, model integration into inspection 
‐ Need taxonomy of models to define further 
‐ Data is shareable between models 
‐ Integration of process and manufacturing models 
‐ Collaboration of models that are used to make decisions  
‐ Feedback loops between models 
‐ Integration of metallurgical to thermomechanical models 
‐ Models of what you are making vs models of the equipment that is making it 
‐ (goes back to common platform) 

 
What are the key attributes that define Smart Manufacturing vs. Digital Manufacturing? 
 Digital data from concept to manufacture – use it intelligently – process, product, data – cannot 

distinguish between digital and smart 
 Digital comes down from design to manufacture, Smart comes from bottoms up – need to intersect 
 Digitalization is vehicle to making smart, analysis to make it smart, business vs digitalization 

capability 
 Information generated at design, share it through manufacturing and life cycle.  Connect silos of 

optimization and connect them together, be smarter about how you connect and integrate to make 
it smart manufacturing.  Intelligent machines, analysis using process/product data are all smart 
manufacturing 

 AMP 2.0 – if institutes are directionally correct, don’t change course.  What are the additional 
technologies that need to be invested in?  How do we get Menlo Park to think like Detroit?  No clear 
separation when we started (between DM and SM).  Smart = common standards of practices that 
allow more people to be part of the manufacturing – open platforms, higher marketplace level.   

 DMDI project calls cover a lot of SM technologies 
 Should focus on NSF TRL 1-3 to delineate and define.  NNMI is a network so the institutes can 

coexist 
 Robot vacuum cleaner is smart, not necessarily digital.  Self-aware is smart. 
 DMDI is not attacking the big data problem or controls,  
 Difficulty to understand documents – could substitute DMDI and SMI.  95% overlap – 

standardization, interoperability, cyber security are all part of DMDI as well.  Reporting form sensor 
level up, big data, real-time simulation/control.  Smart and intelligent are words used 
interchangeably.  Need to make clear distinction between the charters of the two institutes.   

 Beneficial to see the documents on 13 areas that we are investing in.  DMDI will have overlap with a 
lot of areas.  What are the things that have not been taken care of?  

 NSF workshop: what is the fundamental work that needs to be done?  
 In DMDI some areas were not being covered:  more companies in eco system, energy initiatives, 

more about the manufacturing process than product, less about the technology more about the 
business/marketplace. 

 Can we bring this in perspective from product vs process industries?  But one of the targets here is 
NOT to separate these.   

 DMDI does not consider all systems engineering aspects – look at entire manufacturing as a whole.  
This is an area that is not being worked on but is in the vision of DMDI 

 TRL 1-3 is not necessarily included in the institutes – NSF workshop needs to focus on that 
 AMP discussion was more focused on the sensing, control technologies, etc. 
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 If we wait until DMDI is done to figure out what’s missing, it would be too late 
 [NSF w/s – capabilities that are building blocks of the institutes] 
 
What modeling, data and infrastructure elements overlap and/or intersect? 
 (already discussed in above questions) 
 Platform for model integration – for the whole enterprise, especially for small manufacturers 
 Creating meta models, seamless links 
 Verification and validation of models should be considered 
 At what levels are we considering models?  Product, process, wrappers, platform, interconnections 
 Multi-physics modeling – modeling languages that allow you to connect from models from diverse 

domains 
 Data analytics also need models 

Group 4 Notes 

Q1: Sensing: accurate translating ‘physical’ into ‘digital’ information 

 

 Control: intelligent transformation of information into ‘actions’ (towards objectives or to achieve 

desired objectives) 

 

 Automation: process to deliver actions without (or with supervisory) human intervention towards 

product/process performance 

 

 Platform: interoperable/secured/reliable standardized infrastructures (software + hardware) 

including computing systems - for legacy and new software/hardware 

 

 Visualization: graphical tools for human decision making 

 

 Informatics: extracting intelligence out of smart information 

 

 Digital Thread: Uniform underlying structure (following product life cycle) 

 

 Design vs. Operation: integrating the creation of process/products with operational feedback for 

continuous improvements 

 

 Lifecycle: compilation of all process/product steps from inception to supply-chain through end-of-

life information (supplied by digital thread) 

 

 Model Integration: creating open modelling environments with ability to connect, be deployable, 

scale-able, interoperable, and supporting all other activities 
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Q2:  

Smart Manufacturing Key Attributes:  

(i) enterprise-wide and factory 

(ii) continuous and/or discrete and batch 

(iii) digital and analog communication 

(iv) legacy manufacturing 

(v) closed-loop integration for continuous improvements and optimization 

(vi) decision-centric 

(vii) plant floor level through R&D 

 

Digital manufacturing Key Attributes:  

(i) end-to-end digital thread 

(ii) discrete focus 

(iii) focus on new processes/products 

(iv) integration of information and intelligence in digital form 

(v) life-cycle aspect from design to manufacturing and support 

(vi) right first time and faster 

 

Q3: Modelling, data and infrastructure - Overlap and intersect: product, optimization, performance 

metrics and relationships, data analytics and visualization, process models (adaptive), computational 

tools, common activities and people, across organization      
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Appendix III: Breakout Session 2 – Fundamental Research Needs for ASCPM 

Breakouts organized by (S) sensors and monitoring; (C) controls and processes; (P) platforms and 

standards; and (SC) supply chains and scheduling. 

Question 1: What are the key fundamental research challenges in each area, and how do they relate to 

different manufacturing and enterprise structures – continuous, batch and discrete (building off AMP 

2.0 workgroup summaries)? 

Question 2: What roles do models play in addressing research challenges? 

Question 3: What are the needs in visualization and data informatics in each area? 

Question 4:  How do research needs impact platform infrastructure requirements? 

 

Sensors and Monitoring Group 

 AMP 2.0 Technical gaps.  Sensors, non-invasive sensing, real-time process analysis, wireless 

connectivity, smart sensors, managing sensor uncertainty, standards for sensing calibration 

 What are key challenges?  Process monitoring for unsteady systems, robust models across scales, 

sensor placement, soft sensing in case of uncertainty, sensor uncertainty to improve models, sensor 

data to improve models, model maintenance, and quantification of uncertainty. 

 Roles of models?  Every point! 

 Needs of visualization and informatics?  Good GUI.  Data compression for data.  Big data challenges 

(large amounts, 2D 3D visualization, data security) 

 Research needs for platform infrastructure?  Not a research question.  Needs standards but not 

basic research. 
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Summary Slides: 
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__________________________________________________________________________________ 

Controls and Processes Group 

 New Gaps:  Large-scale hierarchical distributed and complex, extending from 1D to 2D to 3D, 

unstructured information, correctness verification, clarity and resilience. 

 Top 5 Gaps:  Large-scale hierarchical (12 votes), high fidelity modeling for control and optimization 

(11 votes), theory and control of difficult (nonlinear, stochastic, hybrid) systems (7 votes), control 

and planning (7 votes), and unstructured information (6 votes).   

 Bridge the gap between scheduling and control. 
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Summary Slides: 
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_____________________________________________________________________________________ 

Supply Chain and Scheduling Group  

 Account for uncertainty in operations.  Can we use historical data for developing uncertainty 

models?  Can we verify solutions under uncertainty?  Can we incorporate cost variability into 

scheduling? 

 Federated models for design, control, and operations. 

 Optimal sensor placement/design. 

 Smart sensors and dealing with data. 

 Data modeling.  Historian and predictive systems.   

 Enable tying models to data. 

 Computing and hardware to allow scalability. 

 Interoperability and compatibility.  Support coordinated decisions between entities. 

 Platform should be easy to deploy, easy to integrate, easy to extend, with security, including 

visualization, support SME. 
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Summary Slides: 
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___________________________________________________________________________________ 

Platforms and Standards Group  

 AMP 2.0 Gaps.  IT Infrastructure for sensing and data. 

 Platform – Enterprise integration and optimization for distributed control, including data and scaled 

infrastructure. 

 Place to connect hardware, software, people.  Rules and standards.  Analytics, modeling, simulation, 

metrics. 

 Open – Open access applications, open market, open community, validation, proprietary and non-

proprietary.  Open architecture, standards based, vendor agnostic, open stack model. 

 Integration of sensing and data systems.  Want to reduce cycle times. 

 Integration of sensing and data – ISA 95.  Legacy machines.  Predictability, reliability, robustness of 

wireless sensing. 

 Gaps in modeling.  Needs intuitive level of abstraction.  Interactive platform (like gaming).  Model 

the business, transportation, resource consumption.  HIL modeling and conflict resolution.  How to 

model, right level, scaling of model. 

 Security – malware, firewall, SME, peer-to-peer, attack detection. 

Summary Slides: 
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Appendix IV: Panel:  Observations on Research Needs 

(Industrial/Academic Panel) 

Question 1: What are key unmet long-range R & D needs? (industry & academic panel) 

Question 2: What are the fundamental research components that can be integrated with industrial 

practice? 

Panel Session Summary 

Interactive Panel Discussion with the following panel members: 

Doug Kushnerick - ExxonMobil 

Rex Reklaitis - Purdue 

Alison Gotkin - UTRC 

Shiv Kapor - UIUC 

Chad Farshman  - Corning 

Eric Ydstie - CMU 

Bryan Dodd - GE 

Doug – Molecule Management and Plant Automation groups.  Don Bartusiak control systems lookout 

document forthcoming.  Plug-and-play, interoperable requirements.  Strong internal debate over 

models, use, and accuracy.  Simplification is key.  For a task, if you don’t have to do it, you can’t do it 

wrong. 

Rex – Sensing was interesting.  New measurements provide new information.  Calibration, maintenance 

of sensing are still issues.   System does not really learn from mistakes currently, just deals a bit with 

uncertainty.  Need people in algorithms to really improve computation rather than use canned software.  

Not much on fault monitoring and diagnosis.  Supply chain problem is integration with actual data 

sources. 

Alison – Business development manager.  Helicopters, engines, HVAC, elevators, etc.  Any solution must 

be affordable.  Metrics like energy and quality must be demonstrable.  Dealing with proprietary 

manufacturing lines.  Policy to force people to use platform?  Develop simple systems at operator level, 

not requiring a PhD.   

Shiv – Background in machining and modeling.  Modeling is a key for smart manufacturing.  Models 

must be simple and accurate but also deal with uncertainty.   Limited discussion on health monitoring 

and maintenance.  Communication and data streaming areas are important but manufacturing has dirty 

data.  Model integration infrastructure requires out-of-the-box thinking.  Plug-and-play infrastructure. 

Chad - Manufacturing and decision support.  Software cannot handle uncertainty.  Scheduling with 

uncertainty is a big deal.  Unstructured information like video inputs.  Flow of solids is limited.   

Measuring aesthetics and other unstructured measurements. 
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Eric – Controls.  Physics plays a major role.  Control of batch processes for Dow Agro.  Quick control with 

limited models, close to optimal, easily.  Form, shape, color, feel measurements.  Code verification 

problems to implement verifiable solutions.  Distributed system solved dynamically potentially.   

Bryan – Brilliant factory for connectivity.  Ubiquitous computing.  Issues of verification of models and 

change on the fly.  What is the testbed going to be?  Implementation issues.  Control and optimization is 

still a big issue.  System degradation and sensor degradation. 

Doug – Benchmark problems have issues. 

Alison – Sophisticated manufacturing capabilities are available. 

Doug – Workforce is an issue.  Built around current products, get tied down. 

Shiv – Need to use models for control and business actions. 

Doug – They use soft sensing in plant systems. 

Eric – Systems Engineering Masters at GT.  Use different software to solve problems. 

Bryan – Students have an opportunity to make a difference in business. 

Doug – Hire good people with strong math skills. 

Alison – New power electronics / controls group. 

Westmorland- Gap between machining / discrete manufacturing and process manufacturing. 

Bryan – May be able to go to distributed computer support for manufacturing. 

Rex – NSF ERC is designed to pull together disciplines.   

Burka – Multidisciplinary is hard to support and fund without an act of congress. 
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Appendix V: Breakout Session 3–Other Dimensions of Near and Long-range R & D 
Opportunities 

Question 1: What are the potential impacts of ASCPM R & D on energy efficiency/carbon emissions, 

environment and safety? 

Question 2:  What are compelling industrial vignettes for ASCPM successes? 

Question 3:  What are the sensor, control, platform and software barriers to achieving success? 

Question 4:  What Apps could be broadly used for ASCPM? 

Session 3 Summaries 

Group 1 Summary 

Q1 & Q3 – Smart Manufacturing must have a significant impact on many areas.  Leads to better energy 

consumption, more efficient production, better regulatory compliance.   Interaction with grid, cost of 

energy.  Sensor refurbishment.  IT issues.    Need to use data. 

Platform – connectivity and cloud access make applications easier.  Remote monitoring and control 

possible.  Data ownership becomes an issue. 

Q2 – New paradigms requiring advance monitoring and control.   Smart manufacturing enabled by new 

technologies.  New designs and sensors.  Service model allowing others to leverage capabilities. 

Quality, reproducibility, sustainability, agility, schedulability.   

Reference model to be used for various types of manufacturing scenarios. 

Group 2 Summary 

Q1 – ACEEE.  Supply chain issues for efficiency.  Scheduling of production to minimize costs.  Adaptive 

controls may be useful.  Tracking BTUs as dollars.  Smart factory needs smart grid.  Power storage and 

management may be needed.    Safety is a key factor.  Incentive / regulation can help move businesses 

to comply to standards.  Health monitoring of device.  Dollars to emissions. 

Q2 – Monitoring of emissions.  Cost of emissions. 

Q3 – Business risk, cultural issues.  Legacy issues.  Issues dealing with change.  Large enterprise, 

workforce issues, union issues.   

Q4 – Limited results. 

Group 3 Summary 

Q1 – Dealing with scrap and recycle for energy.  Variability / energy indicators.  Startup and shutdown 

risks.  How do we do continuous improvement in our process?   Variable cost of electricity resulting in 

changes production.   

Q2 – Hybrid car.  Production supply chain.   
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Q3 – Security is a barrier.  Sensor security could be a problem.  PNP certification process?  Design to 

operations with integrity checking, electronic supply chain issues and data management issues.  

Diagnostic interrogation.   

Q4 – How do you develop a killer app for manufacturing?  How do you engage crowd source 

development? 

Group 4 Summary 

Vignettes – Monitor recipe and make adjustment.  Be more predictive.  Discrete manufacturing doing 

measuring during production instead of final step.  Adjust process during production.   

Power Generation – forecasting models for demand and production adjustments.  Food, forestry, 

metals, with variable material feed specs requiring adjustments in recipe.   

May result in improved product quality.  Less inspection.  More consistent products.  Better quality and 

less waste.  Less variation of the product.  Higher safety level.  Less waste is lower impact and emissions. 

Barriers- cost, availability of capital, justification for capital use, retrofit legacy equipment.  Need better 

ways to evaluate the technology, like ROI.   Need more technology in manufacturing.   Lack of trained 

resources.  Could use testbeds.   

Closing Comments- 

Eric – Energy systems for real-time use of electricity.  Save money but waste energy.  May still be green 

depending on use. 

Group 1 Notes 

Q1: What are the potential impacts of ASCPM R & D on energy efficiency/carbon emissions, 

environment and safety? 

- Smart Manufacturing is EXPECTED to have a big impact on sustainability 

- Applications  

 Better energy consumption,  
‐ cheaper occupancy sensors, zone heating  

 regulatory compliance (to track components of the production line),  
 tie the energy pricing into production planning 
 Managing demand and consumption; managing peak demand appropriately to manage costs  

    
‐ use renewables and alternative fuel 

 machinery that is not performing at optimal efficiencies 
 

- Grid Integration is a challenge: Onsite generation is a common occurrence at manufacturing facilities; 

net metering has a dependency on the utility - who is not incented to enable grid integration 
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Challenges: 

- Lower energy costs are a disincentive for investment and ROI.  

- Are we expecting the traditional manufacturing co's to instrument the sensors?  

- [Use the natural re-furbishing cycles to put these in.] 

-  with the IT system and backend is challenging 

Trends: 

- cheaper connectivity, cloud solutions lowering the cost to infrastructure. 
- Innovative financing models - no-risk/low-risk options from vendors/SMEs that allow manufacturers 

to opt in when ROI from sensor/EE investment doesn't meet their traditional hurdle rates 
 

Platform: 

Applications: 

- cloud applications for analyzing consumption and automation 

- Remote monitoring and control 

- Concerns: 

- Concern about Data ownership if dependency on vendors;  

- Risk: Vendors adversely affecting production; conservative - product and competitive 

information privacy; Inertia 

- Cybersecurity - need to be able to go into lockdown mode 

Profitability is crucial to viability  

- installation of the sensors have to make the operation more profitable. 

Q2: What are compelling industrial vignettes for ASCPM successes? 

- Applications in NEW Paradigms where there are needs for remote monitoring and control  

- Biomass and renewables 

- Capacity Management: 

- Improved utilization of plants 

- Need agility in the plant 

- want to be able to reconfigure the spaces - can't compete in some markets. 

- Additional TRENDS making a compelling case for SMART manufacturing:  

- Things we know how to do but do them with more agility and nimbly? Needs acceleration of 

adoption of new technologies. 

- UT is bringing manufacturing back to US for complex designs. 

- Boeing when new designs are being taken up, they have to be done and have to be done using 

SMART techniques 

- Enablement of SMEs to be able to match the smart manufacturing that the large manufacturers are 

able to support. (Job Creation) 
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- Is there a possible Service model for SMEs that the larger, or more advanced manufacturers can 

offer? Should the institutes focus on the enabling SMEs instead? 

- Concept Example: Ability to take a CAD file and have multiple SME's/production facilities respond 

with quotes. 

GOALS: quality, produce-ability, sustainability, agility, schedule-ability 

- All the above 'ilities' are tied to getting collaboration between stakeholders 

- Interoperable cad, sensors' application, manufacturing systems interfaces, schedulers 

- Need to be able to capture the structure and a reference model so that RULES with above could 

be sent to a supercomputer to solve - could be a service for SME's. 

- Job shop scheduling/Modeling opportunity: 

Challenge: 

- Applicability of Large manufacturers' models to smaller job shops is questionable. 

 

Q3: What are the sensor, control, platform and software barriers to achieving success? 

See response to Question 1 

 

Q4: What Apps could be broadly used for ASCPM? 

- Job shop scheduling apps 

- Equipment maintenance applications 

- Remote monitoring and control 

- Enabler for applications - Capturing a reference model for manufacturing facilities (buildings 

have a BIM, integrated circuit representation has a semantic model) 

- enables a sandbox for applications to be built upon 

- data, storage, display, access standards 

- who are the best to lead this effort? - Government agency, manufacturing facilities, 

academics, other standards bodies? 

 

 

Group 2 Notes 

Q1.  What are the potential impacts of ASCPM R&D on energy efficiency/carbon emissions, 

environment and safety? 
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International research reiterates that for carbon emissions, especially metals, not much is being 

addressed at machining.  But 40% of the metal gets caught in the scrap.  Could sensing reduce scrap 

and/or make it more recyclable? 

- Increase metal part yield 

Could scheduling reduce energy?  Controls/sensing/optimization all come into pla 

Explore and exploit interactions between various parts of the process.  Ability to explore interactions can 

result in benefits.    Everything is inter-related. 

- For example, in air separation systems, if you do local optimization of one, wouldn’t 

necessarily positively impact the other. 

Identify process variability 

- A metal manufacturer was casting as they always did; didn’t notice that the amount of 

energy was significantly different and they discovered the feedstock had changed, but 

without info on energy consumption they wouldn’t have found that out. 

Energy use information as a KPI for inefficiency 

Regenerative breaking on cars - are there examples in mfg?  Harvesting waste heat? 

Smart Manufacturing enables exploring synergies with the smart grid 

 Sync heat/power with supply grid; may have implications for energy efficiency for business 

drivers and environmental impact 

 High fidelity models can identify near miss types of scenarios – implications for safety. 

 Visualization tools can point to potential failures before they occur 

Predictive maintenance and diagnosis 

More embedded systems for safety – standards more pervasive in a system    

Embedded sensing as part of your solution...  Environmental play is that advancements can be 

embedded systems 

Cohabitation (like robotics) – tactical vision -- but it needs to be more pervasive in all production 

systems.  How can all production equipment safely operate as a system? 

Safety by design in production; not an afterthought. 

Safety is most difficult at start up and shut down – how do we get all the requirements in startup as part 

of procedures and work flow?  Sometimes it’s only in someone’s head.  Not maintained or updated if 

they are there; not consistently applied. Auto capture of best practices.  
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Alternative energy (methane at BMW for example) – is it a reliable energy source and is it dependable?  

It needs to be multiply sourced and managed well.   Across sources and maybe providers.  To extent can 

modulate energy use; manufacturing plant can be part of an energy resource 

CA Duck Curve; future 20 yrs., net load in the system for the course of 24 hours in a day.   

- If energy is “free” during day, how would your manufacturing change? 

- If you can help deal with the net positive load; what can manufacturing do to absorb some 

of the variability?   

Abundance of information; high levels of detail on energy consumption in manufacturing may give 

insight into how manufacturing uses energy which may be different than what we think today.  There 

would be a way to spot trends; changes and revolutions 

Convergence of infrastructure – water, transport, etc.  Smart Manufacturing facilities should also be able 

to tell us about impact on water, use of water; transportation scheduling.  For example, could you 

schedule workforce to manage road congestion 

Group 3 Notes 

Question 1: What are the potential impacts of ASCPM R&D on energy efficiency/carbon emissions, 

environmental and safety? 

Question 2:  What are compelling industrial vignettes for ASCPM successes? 

Question 3: What are the sensor, control, platform and software barriers to achieving success? 

Question 4: What Apps could be broadly used for ASCPM? 

 

Vignettes/Applications/APPS 

 Pharma  

‐  monitor recipe -> processes to guarantee product quality 

‐ Scalability of models 

‐ Digest actual mix versus recipe in real-time 

 Chemical 

‐ Ability to predictive product (ensure quality aspects), versus end of line (off line) 

measurement, inferential/soft sensors 

‐ Take the variation out of the sampling 

‐ Less waste of resources 

 Discrete  

‐ In process “CMM” 

‐ Measurement vs. after the fact 

‐ Low cost manufacturing by piece 
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 Power Generation 

‐ High fidelity models to predict weather patterns effects on demand needs 

‐ Ability to see forecasted rates to run industry -> from the power company 

‐ Oil price predictions 

‐ Energy savings 

‐ Lower consumer demand (I.E. power consumption) 

 Food, Forestry, etc. (broadly represents most industries) 

‐ Ingredients from supply chain -> come with information needed for upstream recipe 

controls 

Benefits 

 Improved product quality with less waste/scrap and rework 

 Reduction in time bringing new products to market (Product qualifications offline prior to 

disturbing the process) 

 Consistency of realized products 

 Less labor of non-value added tasks like testing, fixing -> versus first time quality 

‐ Reduction in scrap product caused by touching the product 

 Adjust manufacturing process based on incoming material specs 

 Reduce inventory levels -> JIT 

 Safety 

‐ More consistent process drives less incidents/accidents 

‐ Less human contact -> no-touch process 

‐ Less production upsets 

‐ Less unplanned downtime 

 Environmental impact/footprint 

 Emissions 

Barriers 

 Cost to retrofit old equipment 

 Justification of projects and resources (implementation) 

 Lack of measurement system to accurately measure benefits 

 Lack of training resources 

 Lack of capital for investment 

 Need to control what you cannot measure 

‐ Strong business case to focus on predictive models using inferential sensors 

‐ Control physical properties 

 Cost of sensor technology and analysis 

 Lack of models that link available measurements/inputs to desired output properties 

 Need to go back to first principle modeling / engineering fundamentals of process 

understanding 

 Computational capabilities of affordable platforms 
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 Easy ways to calculate potential value of technology. Simple ROI calculator 

 Shifts within control specs/limits of raw materials causes shifts in final product quality 

‐ Lack of the ability to adapt quickly  to material changes 

‐ Accurate sampling of all incoming raw materials (trusted) 

 

Tools: 

 Roadmap for adoption of these technologies  

‐ Templates that are company/industry specific 

 Test Beds, Tech Centers 

‐ Mimics/Pilot 

 

 

 

 

 

 

Appendix VI: Keynote Presentations 
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