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Overview
ÅDiscussion of research projects related to:
ÅProcess Monitoring and Optimization

ÅHighly Automated Manufacturing

ÅManufacturing Systems and Operations Design

ÅOperational Efficiency

ÅUse of Robotics for Manufacturing Tasks

ÅDesign for Manufacturing and Assembly

ÅMetrology



Research Expertise
ÅWork presented here will include projects led by:
ÅProf. Ashwin Dani, Assistant Professor, ELE,  U.Conn
ÅChengzhi Yuan, Assistant Professor, MCISE, URI
ÅPaolo Stegano, Assistant Professor, ELE, URI
ÅKunal Mankodia, Assistant Professor, ELE, URI
ÅManbir Sodhi, Professor, MCISE, URI
ÅBin Li, Assistant Professor, Computer Engineering, URI
ÅDr. Thomas Wettergren, NUWC
ÅDr. Gregory Jones, URI/NUWC

ÅAlso working in related areas are:
ÅDr. Jay Wang, Professor, MCISE, URI
ÅDr. Valerie Maier-Speredelozzi, Associate Prof, MCISE, URI
ÅDr. Gretchen Macht, Assistant Prof., MCISE, URI



Process monitoring and optimization
ÅReal time monitoring and control of manufacturing processes.

ÅMachining example:
ÅHigh strength materials: Stainless steel, Ti, Nickel Alloys. 
ÅTiCN, AlCrNand Multi-layered coatings on tools:

ÅURI ςThin Films Labfor developing novel coatings for machining 
aerospace materials.

ÅScanning Electron Microscopy (several at URI) for analyzing tool 
failures.

ÅElemental Mapping and Line Scan softwarefor analysis of the 
distribution of elements in chips and the tools  ςdiffusion and 
adhesive wear of cutting tools.

ÅHigh resolution surface topology (Atomic Force Microscope) for 
characterizing tool life and wear.

ÅReal time data collection:
ÅURI have developed high sampling rate data collection systems:

Å Force, current, vibration and other sensors.

Å Network of sensors for distributed data collection, machine condition 
monitoring and reporting.

ÅDOE Expertise for characterizing processing conditions.

JunzhanHou,  WeiZhou, HongjianDuan, GuangYang, HongweiXu, NingZhao, The International Journal of Advanced 
Manufacturing Technology, February 2014,Volume 70,Issue9ς12,pp 1835ς1845



Process monitoring and optimization
ÅTool-condition and wear 

monitoring.
ÅUse of acoustic emission for tool 

condition monitoringςsuccessfully 
detected wear after calibration 
tests.

ÅTool-wear monitoring on a CNC 
lathe using Computer vision.

ÅUse of multiple cameras and image 
processing algorithms for 
measuring wear.

ÅImproved methods for wear 
detection ςflank and crater wear.



Process monitoring and optimization
ÅGrinding and surface 

roughness monitoring:
ÅWear monitoring of grinding and other 

finishing methods.

ÅFunding sources:
ÅNational Science Foundation.

ÅSociety of Manufacturing Engineers.

Å Industry



Manufacturing Systems and Operations Design

ÅLayout design: Fixed product considerations.  Modeling workflow as traffic platoons ( based on VaradaK, 
Yuan C, Sodhi M. Multi-Vehicle Platoon Control With Time-Varying Input Delays. ASME. Dynamic Systems 
and Control Conference, doi:10.1115/DSCC2017-5123.)

.



Vehicle Routing Problems

Å Critical for Manufacturing 
Logistics
Å Occur in UV and UUV routing.
Å Difficult to solve ςNP Hard.
Å Variety of solution 

approaches using:
Å Genetic Algorithms.
Å Particle Swarm based 

solutions.
Å Neural Networks.
Å Large scale 

combinatorial 
optimization.

Å Learning algorithms.





Highly Automated Manufacturing Systems Design
ÅDesign of automated manufacturing lines for small/medium scale production.

ÅAutomation for manufacturing:

ÅEquipment is half the story.

ÅHow it is used is the other half.

ÅComputer = hardware + software

ÅExample from Machining:

ÅSetting up a CNC for extended, unmanned operations.

ÅOperations can be unreliable!

ÅTools can fail.

ÅTools wear with usage.



Highly Automated Manufacturing Systems Design

N tasks with variable times (normally distributed)

Single MachineSequence is not important.

If each job can fail ςmachine is blocked: Sequence is important

If each job can be processed at different rates ςsequence and job processing rates are important.

If each job can be processed at different rates and machine or job can fail ς
sequence and job processing rates are important.

For automated operation of machines or systems, the level of analysis increases significantly
- And gains from optimized operations are significant.
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Manufacturing Systems and Operations Design
ÅLarge scale manufacturing systems:
ÅWorkforce scheduling models.

ÅProject planning and control (Schedule Maintenance and RePlanningTool 
(SMART)) :
ÅVariable & uncertain task durations.
ÅProject completion estimation.

ÅLimited resources.
ÅManpower capacity limits.

ÅEquipment limits.

ÅBudgetary limits.

ÅOperations scheduling:
ÅJob scheduling and sequencing.



Operational Efficiency
ÅLocation of property and people:
ÅMachine utilization tracking
ÅMachine state detection:
ÅSensors for : up, down, setup, idle state detection.

ÅDistributed sensor based data collection.

ÅLow energy sensors for sustained data collection from machines.

ÅPersonnel and materials location:
ÅNon-GPS location.

ÅRFID and Computer Vision based sensing:
ÅWork in progress location.

ÅPersonnel detection.



ÅPerception - Object Classification, type estimation and localization Human goal 
intention inference for collaborative assembly tasks in Manufacturing

ÅEasy collision free, optimal robot motion plan generation and adaptation to 
various tasks on different robot platforms

ÅMotion Planning Modules ïAssembly task modeling and task allocation, path 
planning to execute required tasks
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Safety, Efficiency Improvement in Collaborative Tasks
are important aspects

Using Robots for Assembly Tasks: Technologies



Image-based Object identification, human motion estimation and 
task inference
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Using Robots for Assembly Tasks: Perception Results

Human-Robot Teams in Manufacturing

Perception Results


