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Concrete Materials 
Infrastructure Lab

Dr. Pratanu Ghosh
Associate Professor

Civil and Environmental Engineering Department

Better Concrete 
for Better Bridges:

Smart Concrete for Smart Bridges



ONE OF THE MOST THREATENING ISSUES 
TO NATION’S INFRASTRUCTURES 



Current Condition
• Health condition of roads and bridges in the USA (American Society of Civil Engineers - ASCE report)

Grading scale: 
A – Exceptional (Fit for the future)
B – Good (Adequate for now)
C – Mediocre (requires attention)
D – Poor (At risk)
F – Failing/ Critical (Unfit for purpose)

PAVEMENT

http://www.asce.org/


CHLORIDE INDUCED 
CORROSION

+ CO2 EMISSIONS

COLLAPSE

INCREASE IN SEA LEVEL

How to Save 
Money

How to reduce 
CO2 emissions 

in concrete 
industry?

How to 
STOP 
these 

disasters



Cheap and Easily available

Prevents Corrosion

Environmental Friendly

This is What We Did!

Partially Replaced 
Cement with



Pervious Concrete



4-point Wenner Probe Merlin meter RCON tester

8 readings are taken two times 
(0, 90, 180, 270°)

2 readings are taken by swapping 2 endings of the specimens

Fresh Electrical Resistivity
using RCON tester

Testing time is less than 3 minutes per sample

Non-Destructive Non-destructive test

NEW ADVANCED SMART SENSING INSTRUMENTS
Emerging NDT instrument NEW CUTTING-EDGE NON DESTRUCTIVE INSTRUMENTS

Checks the temperature and 
humidity variation

Moisture Meter 

Readings are taken every 10 
seconds for a period of 7 hours



Non-destructive Concrete 
maturity

To investigate,
 the maturity of each HPC mixture
 the equivalent age of HPC mixture

Indirect way of measurement of in-
situ strength of concrete

Purpose of this Study

Form work 
Removal

Maturity method

Compressive strength test

Is there any way to find the 
Maturity without using 
Compressive strength?

YES, There is a way!





Conclusions
 The novel use of binary and ternary HPC mixtures yields,

 High strength
 Durability
 Money saver
 Eco-friendly

 Health monitoring of reinforced concrete structures can be performed accurately and quickly
 The non-destructive testing instruments provide many advantages:

 Time Saver
 Easy setup and testing procedure
 Provides accurate data
 Portable 
 Can be used in actual construction site.

 This research benefits the DOT’s and Engineers by
 Saving money and time



Recent Publications:
1. Ghosh, P. and Ganesan, R*. “Influence of Various SCMs on Fresh Electrical Resistivity and 
Computation of Setting Time”, Proceedings at Transportation Research Board 99th Annual Meeting, 
2020. 
2. Modha, N.* and Ghosh, P. “Zeolite-Based New Generation Concrete-Sustainable and Durable 
Solution for Nations Infrastructure”, ACI Special Publication for ACI 130 and 224-Cracking and 
Durability in Sustainable Concrete, 2019. 
3. Lehner, P.,* Ghosh, P. and Konecny, P. “Statistical Analysis of Time Dependent Variation of Diffusion 
Coefficient for Various Binary and Ternary Based Concrete Mixtures”, Construction and Building 
Materials, Vol, 183, pp. 75-87, 2018. 
4. Tran, Q*, Ghosh, P., Konecny, P. and Lehner, P. ” Variation of Diffusion Coefficient for Selected 
Binary and Ternary Concrete Mixtures Considering Concrete Aging Effect, Journal of Key Engineering 
Materials, Vol. 761, pp. 144-147, 2018. 
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Solution for Nations Infrastructure”, Proceedings at ACI Fall Convention, 2017. 
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Why is There a Need to 
Implement Evidence-Based 

STEM Teaching?
Yong Seok Park

Assistant Professor, Department of Mechanical Engineering
College of Engineering & Computer Science, California State University, Fullerton

800 N State College Blvd., E-315, Fullerton, CA 92834



Why is There a Need to Implement Evidence-Based STEM Teaching?
Engineering 2-Year Persistence and 4-Year & 6-Year Graduation Rates

Conclusions 1: Strong need for increase in evidence-based teaching in Years 1  and 2 
Focus faculty development on instructors in Year 1 & 2 courses
Effectiveness of innovations may begin to be assessed after 2 years

Conclusions 2: 2-year persistence is a good predictor of 6-year graduation rate
Significant differences exist between disciplines in persistence & graduation

ASU data



How Does JTF Pedagogy Help Shift Classroom Culture?

16

Instructor-Centered Teaching JTF Student-Centered Learning

JTF: Just-in-Time-Teaching with Interactive Frequent Formative Feedback
JTF is a web-enabled, engagement and feedback pedagogy



What Does Implementation of Muddiest Point Feedback Look Like?

17

Muddiest point responses copied from TitaniumLearning Goals for Class

Muddy point quotes selected by instructor

Next class instructor feedback 
aligns issues w/ learning goals

EGME 431
(Mechanical Vibrations)



JTF Engagement Pedagogy - Achievement in 4 Classes
at 3 Institutions

• Overall: In 4 classes JTF increased 
medians by a half to full grade & 
decreased Ds & Es >50%

ASU data



Improved Persistence from JTF Engagement 
Pedagogy
• Student Persistence (2nd week – final) in JTF Project; 5 classes & 4 institutions
• Fall 2013 - 97% ( 227 / 235 ) 

• Spring 2014 - 95% ( 311 / 328 )

Student Persistence in Introductory Materials Class (n=35-55)

• Overall: Persistence increased significantly 
with JTF pedagogy



Conclusion and Future Work

• Faculty shifted beliefs and adopted JTF pedagogy in classroom practice
• Faculty assumed ownership of JTF innovations in a community of practice
• These factors enhanced student attitude, achievement, and persistence

Collecting feedback on 
reflections (MP/MIP)
EGME 331,421,431, 

476A 

Identifying learning 
patterns and issues

Providing personalized 
help and guidance

Improving their 
motivation and 

increasing retention 
rate



ANKITA MOHAPATRA
“ELECTRIC STIMULUS-RESPONSIVE CHITOSAN/MNP COMPOSITE 

MICROBEADS FOR A DRUG DELIVERY SYSTEM”

JIDONG HUANG
“NAVIGATION: AN INTERDISCIPLINARY AREA OF RESEARCH”



The State of Artificial Intelligence 
(A.I.)

Yu Bai, Ph.D.
Assistant Professor

College of Engineering and Computer Science
California State University, Fullerton
P: 657-278-5359 | F: 657-278-5804

Emailing Address: ybai@fullerton.edu
Website: http://ecs.fullerton.edu/~ybai/

mailto:ybai@fullerton.edu
applewebdata://8E15027C-F989-4DAA-B1FD-A758C160F874/Local/Temp/Temp1_CSUF-Email-Signature-Windows.zip/CSUF-Email-Signature-Windows/Website
https://nam01.safelinks.protection.outlook.com/?url=http:%2F%2Fecs.fullerton.edu%2F%7Eybai%2F&data=02%7C01%7Cybai%40Fullerton.edu%7C0f402bbf0fb14b1ec29a08d769f474c7%7C82c0b871335f4b5c9ed0a4a23565a79b%7C0%7C0%7C637094370964195447&sdata=tn0LWqIDqw4O17D54JSM%2FQ1Sih0N1togRLJDy2QmYng%3D&reserved=0
https://nam01.safelinks.protection.outlook.com/?url=http:%2F%2Fecs.fullerton.edu%2F%7Eybai%2F&data=02%7C01%7Cybai%40Fullerton.edu%7C0f402bbf0fb14b1ec29a08d769f474c7%7C82c0b871335f4b5c9ed0a4a23565a79b%7C0%7C0%7C637094370964195447&sdata=tn0LWqIDqw4O17D54JSM%2FQ1Sih0N1togRLJDy2QmYng%3D&reserved=0


A.I. Research Status

Resource from: http://www.mindmapsoft.com/mind-maps-artificial-intelligence-ai/ai-application/
https://www.forbes.com/sites/louiscolumbus/2017/10/16/80-of-enterprises-are-investing-in-ai-
today/#48dee37c4d8e

A.I. applications NSF funding for A.I.

80% of enterprises are investing in A.I. today Top searches in IEEE Xplore

http://www.mindmapsoft.com/mind-maps-artificial-intelligence-ai/ai-application/
https://www.forbes.com/sites/louiscolumbus/2017/10/16/80-of-enterprises-are-investing-in-ai-today/#48dee37c4d8e


A.I. Research Market

Ph.D. students in A.I. 
increased

Top conference 
acceptance rate decreased

Open code and papers 
Publish Reviewer Comments



My approach: An unique theory in an unique 
application

Approaches

Motivation Storage Saving of the proposed work

Comparison on performances



Energy Conservation for IoT Sensors

Anand Panangadan
apanangadan@fullerton.edu

ECS Research Day
December 5, 2019



Internet-of-Things (IoT)

• IoT: using the Internet to enable physical devices to 
collect and share data autonomously

• Promise of IoT
• Provide real-time, continuous monitoring of our 

environment

27



Example: Smart restrooms
Found in Heathrow’s 
Terminal 2, these 
“smart” loos have 
embedded sensors that 
track people’s 
movement and 
bathroom flow, and can 
alert maintenance crews 
if there’s a problem



Driving Forces of IoT

1. Sensor Technology – Tiny, Cheap, Variety
2. Cheap Miniature Computers
3. Low Power Connectivity
4. Capable Mobile Devices
5. Cloud computing

Trend: make it small



Need for resource management

• Mobile monitoring limits size and weight, and hence energy capacity 
of sensor nodes is limited

• Wireless communication is energy intensive
• Energy required to operate electro-mechanical components in 

biosensors/actuators
• Guaranteeing system lifetime is critical for many applications

• Medical

30



The problem

31

• Sensing requires energy
• Fundamental conflict between

• Application needs:
• more sensing

• System limitations:
• less sensing to conserve energy

• What is the optimal trade-off?

Application

System resources

Se
ns

in
g



Adaptive Sensing

32

• Change amount of sampling 
over time

• Increase during critical periods
• Decrease at other times to 

conserve energy

• Model the energy conservation 
problem as a joint optimization 
problem for generating sensor 
control

• information requirements 
• energy constraints

Cr
iti

ca
lit

y

Samples



Two approaches

33

1. Clustering similar sensors
2. Stochastic modeling of energy-information trade-off



Clustering-based approach

34

Intuition:
• Value of the next reading of a sensor in a sensor collection can be 

approximated from the measurements of other correlated sensors
• Adaptive sensing in two steps:

1. Group sensors that observe similar measurements 
2. Learn an estimation function, f , to predict a sensor measurement from the 

past measurements of other similar sensors in its group



Clustering-based approach

35



Approach parameters

36

• Relative duration of train-predict periods 
• Number of clusters
• Clustering algorithm
• Length of history used for prediction
• …
• Systematically, evaluate the relationship between these parameters



Evaluation setup

37



Simulation results

38



Stochastic modeling

39

• Use Markov Decision Processes (MDP) to model all 
factors affecting energy as a stochastic problem

• Solving the MDP gives a policy
• Sensor sampling policy

• Generate the policy offline
• Amortize the cost of planning

• Only write code to execute pre-computed policy on the 
mote

• Simple table lookup



MDP Policy

40

• A is the initial state
• Full energy reserve

• B is the terminal state
• End of simulation

• e=E states have run out of energy
• At every step:

• Move right (t=t+1)
• Move down is stochastic depends on sampling 

rate

• Move from A to B collecting reward 
• Don’t run out of energy
• Sample at a high rate



MDP simulation

41

• T=100, P=30, H=10
• 30,000 states

• Time-varying data criticality
• Sensor sampling rate depends on

• Time to end of system lifetime
• Data criticality

• Sampling rate increases at end of 
system lifetime

• No value in having reserve energy, 
hence expend all on sensing

Energy

Sa
m

pl
in

g 
ra

te



Some open problems

42

• Extend model to multiple sensors
• Coordinated Sensing
• Take advantage of sensor correlation
• Take advantage of different sensor energy needs

• Learning the sensing policy
• Reinforcement learning 
• Lifelong learning



43

Thank you!
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Average Solar Irradiation Across USA*

*Chart Courtesy: https://www.nrel.gov/



Nation’s Home Cost by Square Feet*

*Courtesy: https://www.Zillow.com/
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Introduction*
• A Solar cell is an electrical device that converts 

photons from the sun (sunlight) into electricity

*Pic Courtesy: http://www.pveducation.org



Solar Array*

* Pic Courtesy: National Energy Education Development Project 
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Problems
• Mismatch 
When panels are connected in series and one panel is 
underperforming, the entire "string" of panels produces less 
energy and the underperforming panel is one that is 
"mismatched".



Series connection mismatch*
• In series connection of PV cells, current controlled is

by worst affected cell or cell under partial shading
• Reduction in performance

Spice simulation for mismatch

mismatch
*A. J. McEvoy, T. Markvart, and L. Castañer, Practical handbook of photovoltaics: fundamentals and applications, 
2nd ed. Amsterdam: Elsevier, Academic Press, 2013.



Partial Shading*

• Partial shading leads to reversed biasing of healthy PV cells in series
• Reversed biased PV cells consume power instead of generating power
• Reversed biased cell create local heating
• Creation of hotspot results in permanent damage of entire PV module

Pic courtesy : https://www.homepower.com

*A. J. McEvoy, T. Markvart, and L. Castañer, Practical handbook of photovoltaics: fundamentals and applications, 2nd ed. Amsterdam: Elsevier, 
Academic Press, 2013.

https://www.homepower.com/


Analogy*

• A shaded solar cell is similar to a clog in water pipe

*Pic courtesy: http://blog.aurorasolar.com



Hotspot1,2

1. Pic courtesy : https://www.pveducation.org/

• “Walmart pins store fires on Tesla 
solar installs in new lawsuit”, 
https://www.pv-
tech.org/news/walmart-pins-store-
fires-on-tesla-solar-panels-in-new-
lawsuit

2. Pic courtesy : https://www.firehouse.com/

https://www.pv-tech.org/news/walmart-pins-store-fires-on-tesla-solar-panels-in-new-lawsuit
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Existing Solutions*

Bypass Diode
• Bypass diodes 

allow current to 
pass around shaded 
cells and thereby 
reduce the voltage 
losses through the 
module.

*Pic courtesy: https://www.civicsolar.com



Limitations

What if the bypass diode fails?

1. Short circuit: Healthy PV cells connected across bypass diode will get 
bypassed (removed) 

2. Open circuit: Hot-spot creation and eventually fire hazard   

1 N. A. Al-Rawi, M. M. Al-Kaisi, and D. J. Asfer, “Reliability of photovoltaic modules II. Interconnection and bypass diodes effects,” 
Sol. Energy Mater. Sol. Cells, vol. 31, no. 4, pp. 469–480, Jan. 1994.
2 N. G. Dhere, N. Shiradkar, E. Schneller, and V. Gade, “The reliability of bypass diodes in PV modules,” 2013, vol. 8825, p. 88250I–
88250I–8.
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MOSFET based reconfigurable PV cells1,2,3

Parallel X Series 
V1 High Low

N-Switch ON OFF

P-Switch ON OFF

T-Switch OFF ON

Parallel Series

Reconfigurable PV Cells 1,2,3

1J. West, S. Imani, O. Lavrova, W. Cavanaugh, J. Ju, K. Pupuhi, S. Keshavmurthy, J. Aarestad, and P. Zarkesh-Ha, “Reconfigurable power 
management using novel monolithically integrated CMOS-on-PV switch,” in Photovoltaic Specialist Conference (PVSC), 2014 IEEE 40th, 2014, pp. 
1389–1392
2 X. Lin, Y. Wang, M. Pedram, J. Kim, and N. Chang, “Designing Fault-Tolerant Photovoltaic Systems,”  IEEE Des. Test, vol. 31, no. 3, pp. 76–84, Jun. 
2014
3 R. Mahto, O. Lavrova, P. Zarkesh-Ha, and L. Lester, “Reconfigurable and Programmable Photovoltaic Power for Micro Autonomous Systems,” in 
ReSpace/MAPLD 2011, Albuquerque, NM, 2010.



Performance in Shading Mitigation

Series- Parallel Total Crossed-
Tied

Honeycomb Bridge Linked



Performance in Shading Mitigation

10% 
Shading

25% 
Shading

50% 
Shading

75% 
Shading



Performance in Shading Mitigation1,2

1. Raghavan R, SCCUR, 2018
2.  D. Xavier at el. , IEEE SusTech 2018
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Complete Reconfigurable PV System*

Start

Comparative 
Analysis

Is PMeasure = 
Pcalculated ?

Fault/ Shading 
Detected

No 
Fault/Shading

YesNo

Algorithm

System

*R. Mahto, “Fault Resilient and Reconfigurable Power Management Using Photovoltaic Integrated with CMOS 
Switches,” University of New Mexico (2016).



Photovoltaic (PV) modeling
Single Diode based PV cell modeling*

Iph

Id

Rp

Rs

Ip

Ipv
+

-

Vpv

IPV = Output current
VPV= Output voltage
Rp= Shunt resistance
Rs= Series resistance
A= Diode quality factor
Is= Diode saturation current
Iph= Photon current
Vt= Thermal voltage= 26mV

Exponential Term

Output Current

*H. Park and H. Kim, “PV cell modeling on single-diode equivalent circuit,” in IECON 2013 - 39th Annual Conference of the 
IEEE Industrial Electronics Society, 2013, pp. 1845–1849. 



Fuzzy Logic
• Fuzzy logic system will receive I-V

characteristics
• Current number of PV cells in series vs

parallel
• Predict optimal configuration of

reconfigurable PV module

Fuzzy Logic

Number of PV 
in Series and 

Parallel

Best Possible 
Configuration



Machine Learning

Input Raw Data

Supervisor

Training 
Data Set

Desired 
NS NP

Algorithm

Processing

Output

Ns Np Power



Critical Application

 These type PV module can power

 IoT enable smart PV for powering residential 

and commercial buildings

 Satellite

 Drone

 Vehicles



Thank you!



The Design of Low-Voltage Low-
Power Analog Integrated Circuits

Presenter: Yitsen Ku, Ph.D.
Department of Electrical Engineering, 

California State University, Fullerton, USA
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Publications in the last 5 years

• I have published 28 international journal papers in last 5 years 
including 13 IEEE journal papers.

• In addition, I have presented and published 6 international 
conference papers in last 5 years. 

74



My Research Area

• My research areas focus on the low-voltage low-power analog 
integrated circuit (IC) design, including active component IC design 
and power IC design.

75



Publications in 2019

• In 2019, I published eight (8) international journal articles under the 
name of the Electrical Engineering Department of the California State 
University Fullerton. Two (2) out of these 8 papers, are IEEE journal 
articles.

• Among 8 publications, three (3) papers are on power integrated 
circuits, four (4) on active component integrated circuits, and one (1) 
on supply modulator integrated circuit.

76



Proposed FDOTRA and CMWB

(a) Proposed FDOTRA (b) Proposed CMWB
FDOTRA: Fully Differential Operational Trans-conductance Amplifier
CMWB: Current-Mode Wheatstone Bridge
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Simulation and Experiment

(a) The Vout/Iin of the proposed CMWB
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Current and Future Research

• IC design needs to be fabricated and validated. Taiwan Semiconductor 
Manufacturing Company offers free fabricated for educational 
purposes. However, American Semiconductor Manufacturing 
companies did not. Thus, I will continue to cooperate with 
researchers in Taiwan in IC design.

• My master's degree focuses on computer engineering, and I am 
currently teaching computer engineering courses, so I am also 
considering research in the field of computer engineering.
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