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Our mission

To fuel innovative research in the field of 

e-mobility and bring together academia, industry, 

and government to pursue advancements in 

electrification and digitization.



September 2020

Idea Proposed

November 2020

Initial Strategic Plan Developed with a consultant

April 2021

MOU signed with Alabama Power and MBUSI to 
establish AMP

July 2021

State of Alabama awards $16.5M to construct the 
Smart Communities and Innovation Building

January 2022

Executive Director search initiated

timeline



SMART COMMUNITIES AND 

INNOVATION BUILDING

Looking Southeast 

from Kirkbride Lane



Looking Northeast 

from Randall Way

S
C

IB



executive director 

search

Implement a vision for electric vehicle research and education 

including basic cell materials and chemistry, battery pack 

management, manufacturing, and integration of electric vehicles 

into the power grid.

Work closely with existing centers affiliated with the Alabama 

Transportation Institute and external stakeholders to support 

collaborative proposal development and project management for 

large team efforts.

Provide effective leadership over the full range of disciplines 

represented by the AMP Center.

Foster and support high quality research and scholarly activities 

within the AMP Center by ensuring a stimulating, collegial, and 

well-managed environment.



01
Preparing the electric 

vehicle workforce

02
Driving collaborations between 

industry and UA

03
Creating innovations in electric vehicle 

R&D, including battery technology and 

manufacturing and use

04
Developing effective and sustainable 

vehicle charge infrastructure

major themes



Evaluating Transportation Network Mobility and 

Enhancing Traffic Signal Operations Performance 

Using Probe Data and Connected Vehicle Technology 

Md Abu Sufian Talukder

Alex Hainen

Doctoral Dissertation Defense

June 11, 2021



• Past Academic Credentials and Projects 

• Credentials and Experience

• Coursework

• Field Works and Projects Involvements

• Dissertation Discussion

• Dissertation Motivation

• Paper #1: Characterizing Transportation Network Mobility [Published]

• Paper #2: Trajectory-Based Signal Control [Published]

• Paper #3: Connected Freight Signal Priority System[Published]

• Dissertation Conclusions

• Novelty and Contribution to Academia and Industry

• Future Research Directions

Presentation Outline
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• Completed Masters in Civil Engineering in Summer 2018

• President and Member - ITE Student Chapter at UA

• Teaching Experience

• Taught Classes: CE 350 – Intro to Transportation Engineering, 

CE 458 – Traffic Engineering, CE 573 – Statistical Applications

• Publications and Presentations
1. [Published] Talukder, M., Lidbe, A., Tedla, E., Hainen, A. and Atkison, T., 2021. Trajectory-Based Signal Control in 

Mixed Connected Vehicle Environments. ASCE - Journal of Transportation Engineering Part A: Systems.

2. [Published] Talukder, M., Hainen, A., Remias, S., Bullock, D. 2018. Route Based Mobility Performance Metrics 

Using Probe Vehicle Travel Times, Advances in Transportation Studies.

3. [Published] Islam, N., Talukder, M., Hainen, A., Atkison, T., 2019, Characterizing Co-modality in Urban Transit 

Systems from a Passengers Perspective, Journal of Public Transport.

4. [Published] Li, H., Hainen, A, Sturdevant, J., Atkison, T., Talukder, M., et.al. 2019 Indiana Traffic Signal Hi 

Resolution Data Logger Enumerations, Indiana Department of Transportation and Purdue University, West 

Lafayette, Indiana. 

5. [Presented] Talukder, M. and Hainen, A., 2021. A Digital Twin for Traffic Monitoring and Proactive Incident 

Management. USDOT ITS PCB T3e Webinar.

6. [Presented] Talukder, M., Lidbe, A., Tedla, E., Hainen, A. and Atkison, T., 2021. Development and Evaluation of a 

Weighted Delay-Based Signal Control Algorithm for Connected and Non- Connected Vehicles. Transportation 

Research Board 100th Annual Meeting

7. [Presented] Penmetsa, P., Talukder, M., Islam, N., Adanu, E., Li, X., Harbin, K. and Hainen, A., 2021. Analysis of 

Emergency Incidents Regarding Natural Gas Distribution Pipelines. Transportation Research Board 100th Annual 

Meeting.

8. [Presented] Talukder, M., Hainen, A. and Atkison, T. 2019. Enhanced Traffic Signal Performance Measures. Gulf 

Region Intelligent Transportation Society (GRITS).

9. [Presented] Zephaniah, S., Talukder, M., Hainen, A. and Jones, S. 2017. A Comprehensive Examination of the 

Relationship between Crashes and Congestion along Interstate Highways in Alabama. Road Safety Simulation 

International Conference.

Dr. Sufian Talukder, PhD – AECOM 2021
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Published April 2022Published April 2022

Analytical and Empirical Evaluation of 

Freight Priority System in Connected Vehicle Environment
Presented June 2021Presented June 2021
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Connected Freight Signal Priority System
USDOT List of CAV Applications
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Intelligent Transportation Systems Joint Program Office. “USDOT High-Priority Dynamic Mobility 

Applications”. Research and Innovative Technology Administration, U.S. Department of Transportation.

Freight Signal Priority 

(FSP) with connected 

vehicle technology

Connected Freight Signal Priority System
USDOT High-Priority Dynamic Mobility Applications with CV Technology

Funded Near Term Goals

Supported Long Term Goals
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Connected Freight Signal Priority System
Freight Overturned in Northport, Alabama 

26 Signals

on US-82

McFarland

Boulevard
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Evans, H., and Skiles, G. (1970). ‘‘Improving public transit through bus 

preemption of traffic signals”. Traffic Quarterly, 24(4), pp: 531–543.

• Location: Los Angeles, CA

• Detection Technique: Handheld 

two-position manual switch for 

driver

• Objective: Reduce overall person 

delay

• Results: 70-76% Reduction in bus 

passenger delay.

Connected Freight Signal Priority System
First Traffic Signal Priority Application in 1970
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Year Location
Priority 

Vehicle Type

Detection 

Technique
Objective Results

2000

Sunkari, S. R., H. Charara, and T. Urbanik. (2000). "Reducing Truck Stops at High-Speed Isolated Traffic 

Signals". TTI Report No. FHWA/TX-01/1439-8. Texas Department of  Transportation, Austin

Sullivan City, 

Texas
Freight

Loop 

Detector

Reduce Freight 

stops

5,000 fewer freight 

stops

2014

Mahmud, M. (2014). "Evaluation of Truck Signal Priority at N Columbia Blvd and Martin Luther King Jr. 

Blvd Intersection“. Civil and Environmental Engineering Master's Project Reports. Portland State 

University, Portland, OR 

Portland, OR Freight
Loop 

Detector

Reduce freight 

delay and no of 

stop(s)

13%-20% delay 

reduction and 9%-

16% stop reduction

2020

Kaisar, E. I., Hadi, M., Ardalan, T., and Iqbal, M. S. (2020). “Evaluation of Freight and Transit Signal 

Priority Strategies in Multi-Modal Corridor for Improving Transit Service Reliability and Efficiency”. 

Contract No BDV27-977-14. Florida Department of Transportation (FDOT), Tallahassee, Florida

Broward 

County, FL
Freight

Loop 

Detector

Reduce freight 

travel time and 

delay

22% reduction in 

travel time and 29% 

delay reduction 

Connected Freight Signal Priority System
Previous Literature - Conventional Loop Detection for Freight Priority 
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Study Objectives

Connected Freight Signal Priority System

• Developing a signal priority system to facilitate freight 

movement by leveraging CV technology to improve upon 

traditional priority systems.

• Establish an ETA-based FSP logic and analytically identify 

shortcoming related to traditional priority system. 

• Conducting field deployment and performing systematic 

analysis for validating field operation of the proposed FSP 

system. 
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S
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p
b
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r

TED1 = 50s @ Design Speed

50MPH

Accurate estimation!

Based on actual speed 

vehicle is 50s away.

Advanced Loop 

Detector 2

Advanced Loop 

Detector 1

TED2 = 20s @ Design 

Speed

Traditional Loop Detection Issues

Connected Freight Signal Priority System
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S
to

p
b

a
r

TED1 = 50s @ Design Speed

Accurate estimation!

Based on actual speed 

vehicle is 20s away.

Advanced Loop 

Detector 2

Advanced Loop 

Detector 1

TED2 = 20s @ Design 

Speed

50MPH

Traditional Loop Detection Issues

Connected Freight Signal Priority System
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S
to

p
b

a
r

TED1 = 50s @ Design Speed

40MPH

Advanced Loop 

Detector 2

Advanced Loop 

Detector 1

TED2 = 20s @ Design 

Speed

Inaccurate estimation!

Based on actual speed 

vehicle is 60s away.

Traditional Loop Detection Issues

Connected Freight Signal Priority System
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S
to

p
b

a
r

TED1 = 50s @ Design Speed

Advanced Loop 

Detector 2

Advanced Loop 

Detector 1

TED2 = 20s @ Design 

Speed

40MPH

Inaccurate estimation!

Based on actual speed 

vehicle is 25s away.

Traditional Loop Detection Issues

Connected Freight Signal Priority System



ETA Priority System – LOTS of settings and configurations

26

Connected Freight Signal Priority System
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θ1/θ5 θ2/θ6 θ3/θ7 θ4/θ8 θ1/θ5 θ2/θ6 θ3/θ7 θ4/θ8

Detector Channel 33

Detector Channel 34

TSD Point

Ch 33 (Design Speed)

Ch 34 (Design Speed)

Ch 33 (Actual Speed)

Ch 34 (Actual Speed)

Ch 35 (Checkout Detector)

Loop Detection – Inaccurate Priority Measure!

Connected Freight Signal Priority System
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ETA-Based Detection– Accurate Priority Measure – Co-Phase Extension

Connected Freight Signal Priority System
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Connected Freight Signal Priority System
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TSD Point

Ch 33 (Actual Speed)

Ch 34 (Actual Speed)
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ETA-Based Detection– Accurate Priority Measure – Co-Phase Early Green

Connected Freight Signal Priority System

Predicted arrival 

on green EXT 

period. 
Recalculated arrival after 

maximum EXT period. 

Phase Reduction req’d

Maximum EXT 

Period Early Return to 

Co-Phase Green

Reduced Red Time

Actual Red Time
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Total Cases: 2,520

Loop Detection Accuracy: 2,382 (95%)

ETA-based Detection Accuracy: 2,500 (100%)

Inaccurate Priority Measures
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Connected Freight Signal Priority System

Design Speed: 50MPH

Cycle Length: 120sec

Offset: 10sec

Maximum Extension: 15sec
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Field Deployment

Connected Freight Signal Priority System

1
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5
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8 9
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11 12

13

AI-500-065 OBU Unit AI-500-085 RSU Unit
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Field Deployment – System Architecture 

Connected Freight Signal Priority System
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Field Deployment – Corridor Monitoring  

Connected Freight Signal Priority System

Airport Rd. Walmart/Lowes Harper Rd. US–43/Main Ave. AL–69N

Tyler Dr. Hospital Rd. Hunter Creek Rd. Northbrook Dr. Watermelon Rd.

Indian Hills Dr. Academy Dr. Rice Mine Rd.
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Field Deployment – Glance Priority Data

Connected Freight Signal Priority System
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Field Deployment – ATSPM Hi-Resolution Traffic Events Data

Connected Freight Signal Priority System
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Field Deployment – ATSPM Hi-Resolution Traffic Events Data

Connected Freight Signal Priority System

Signal ID Timestamp Event Code
Event 

Parameter
Event Description

63082009 5/7/2021 10:00:14 82 4 Phase 4 Detector On

63082009 5/7/2021 10:00:14 81 4 Phase 4 Detector Off

63082009 5/7/2021 10:00:15 9 1 Phase 1 End Yellow Clearance 

63082009 5/7/2021 10:00:15 10 1 Phase 1 Begin Red Clearance 

63082009 5/7/2021 10:00:15 82 2 Phase 2 Detector On

63082009 5/7/2021 10:00:15 81 2 Phase 2 Detector Off

63082009 5/7/2021 10:00:15 82 33 Priority Detector 33 On

63082009 5/7/2021 10:00:14 9 3 Phase 3 End Yellow Clearance 

63082009 5/7/2021 10:00:14 10 7 Phase 7 Begin Red Clearance 

63082009 5/7/2021 10:00:14 81 3 Phase 3 Detector Off

63082009 5/7/2021 10:00:14 82 7 Phase 7 Detector On

63082009 5/7/2021 10:00:15 9 1 Phase 1 End Yellow Clearance 

63082009 5/7/2021 10:00:15 10 6 Phase 6 Begin Red Clearance 

63082009 5/7/2021 10:00:15 81 1 Phase 1 Detector Off

63082009 5/7/2021 10:00:15 82 6 Phase 6 Detector On
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Date 04/27/2021 04/29/2021 05/03/2021 05/06/2021 05/07/2021
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 9

C
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Airport Rd. GB
Cell & 

Radio
GB

Cell & 

Radio
GB

Cell & 

Radio
GB

Cell & 

Radio
ERTG Radio GB

Cell & 

Radio
GB

Cell & 

Radio
GB

Cell & 

Radio
GB

Cell & 

Radio

Walmart/Lowes GB
Cell & 

Radio
ERTG

Cell & 

Radio
GB

Cell & 

Radio
GB

Cell & 

Radio
GB Radio GB

Cell & 

Radio
GB

Cell & 

Radio
GB

Cell & 

Radio
GB

Cell & 

Radio

Harper Rd. GB
Cell & 

Radio
GB

Cell & 

Radio
ERTG

Cell & 

Radio
GB

Cell & 

Radio
GB Radio GB

Cell & 

Radio
GB

Cell & 

Radio
GB

Cell & 

Radio
GB

Cell & 

Radio

US-43 ERTG
Cell & 

Radio
ERTG

Cell & 

Radio
ERTG

Cell & 

Radio
GB

Cell & 

Radio
ERTG Radio ERTG

Cell & 

Radio
ERTG

Cell & 

Radio
ERTG

Cell & 

Radio
EXT

Cell & 

Radio

AL-69N GB Cell GB Cell GB
No

Comms
GB

No

Comms
GB Cell ERTG Cell GB Cell GB Cell EXT Cell

Tyler Dr. GB
Cell & 

Radio
GB

Cell & 

Radio
GB

Cell & 

Radio
GB

Cell & 

Radio
GB

Cell & 

Radio
GB

Cell & 

Radio
GB

Cell & 

Radio
GB

Cell & 

Radio
EXT

Cell & 

Radio

Hospital Dr. ERTG Radio GB Radio GB
Cell & 

Radio
GB

Cell & 

Radio
GB

Cell & 

Radio
GB

Cell & 

Radio
GB

Cell & 

Radio
GB

Cell & 

Radio
EXT

Cell & 

Radio

Hunter Creek Rd. ERTG Radio ERTG Radio ERTG
Cell & 

Radio
EXT

Cell & 

Radio
ERTG Radio GB

Cell & 

Radio
ERTG

Cell & 

Radio
ERTG

Cell & 

Radio
ERTG

Cell & 

Radio

Northbrook Dr. ERTG Radio GB Radio GB
Cell & 

Radio
GB

Cell & 

Radio
GB Radio GB

Cell & 

Radio
GB

Cell & 

Radio
GB

Cell & 

Radio
GB

Cell & 

Radio

Watermelon Rd. GB
No

Comms
Stop

No

Comms
GB Cell EXT Cell Stop

No

Comms
GB Cell GB Cell ERTG Cell GB Cell

Indian Hills Dr. GB
No

Comms
GB

No

Comms
GB Cell GB Cell GB

No

Comms
GB Cell GB Cell GB Cell GB Cell

Academy Dr. GB
No

Comms
GB

No

Comms
GB Cell GB Cell GB

No

Comms
GB Cell GB Cell GB Cell GB Cell

Rice Mine Rd. GB
No

Comms
GB

No

Comms
GB Cell GB Cell GB

No

Comms
GB Cell GB Cell GB Cell GB Cell

Travel Time 

(minutes)
14.44 ✖ 12.55 ✖ 10.08 ✖ 8.53 ✖ 11.28 ✖ 9.48 ✔ 9.32 ✔ 10.15 ✔ 9.70 ✔

Field Deployment – Test Drives

Connected Freight Signal Priority System
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Field Test Results 

Connected Freight Signal Priority System

A
ir

p
o
rt

 R
d

.

W
a
lm

a
rt

/L
o

w
es

H
a

rp
er

 R
d

.

U
S

-4
3

A
L

-6
9

N

T
y

le
r 

D
r.

H
o

sp
it

a
l 

D
r.

 

H
u

n
te

r 
C

re
ek

N
o
rt

h
b

ro
o

k
 D

r.

W
a

te
rm

el
o
n

 R
d

.

In
d

ia
n

 H
il

ls
 D

r.

A
ca

d
em

y
 D

r.

R
ic

e 
M

in
e 

R
d

.

9:55

9:56

9:57

9:58

9:59

10:00

10:01

10:02

10:03

10:04

10:05

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5

Distance (miles)

T
im

e
 (

C
D

T
)

ii

i

iii
iv

v

Vehicle Trajectory

Early Green

Green Extension



40

Field Test Results 

Connected Freight Signal Priority System

Intersection Detection

Detection Parameters
Active 

Phases

Decision Parameters Possible Outcomes
Detectio

n 

Outcome

Expected 

Decision

Field 

Decisio

n�� ��� ���� ���� ��	

 ���
�� ����� �

��� ���� �����

U
S

-4
3

Detection 1 9:57:07 AM 35827 127 136 Phase 3 & 8 36

44 82

1 0 0 COORD

EXT EXT
Detection 2 9:57:18 AM 35838 138 147 Phase 3 & 8 37 1 0 0 COORD

Detection 3 9:57:32 AM 35852 2 11 Phase 1 & 6 41 1 0 0 COORD

Detection 4 9:57:46 AM 35866 16 25 Phase 1 & 6 45 0 1 0 EXT

A
L-

6
9

N

Detection 1 9:58:46 AM 35926 76 10 Phase 1 & 6 60

49 67

0 1 0 EXT

EXT EXT
Detection 2 9:58:59 AM 35939 89 23 Phase 2 & 6 63 0 1 0 EXT

Detection 3 9:59:08 AM 35948 98 32 Phase 2 & 6 62 0 1 0 EXT

Detection 4 9:59:18 AM 35958 108 42 Phase 2 & 6 62 0 1 0 EXT

T
y

le
r 

D
r.

Detection 1 9:59:04 AM 35944 94 48 Phase 2 & 6 98

84 102

0 1 0 EXT

EXT EXT
Detection 2 9:59:14 AM 35954 104 58 Phase 2 & 6 98 0 1 0 EXT

Detection 3 9:59:25 AM 35965 115 69 Phase 2 & 6 99 0 1 0 EXT

Detection 4 9:59:36 AM 35976 126 80 Phase 2 & 6 100 0 1 0 EXT

H
o

sp
it

a
l 

D
r. Detection 1 9:59:25 AM 35965 115 61 Phase 2 & 6 111

95 125

0 1 0 EXT

EXT EXT
Detection 2 9:59:37 AM 35977 127 73 Phase 2 & 6 113 0 1 0 EXT

Detection 3 9:59:46 AM 35986 136 82 Phase 2 & 6 112 0 1 0 EXT

Detection 4 9:59:54 AM 35994 144 90 Phase 2 & 6 110 0 1 0 EXT

H
u

n
te

r 
C

re
e

k Detection 1 9:59:49 AM 35989 139 73 Phase 2 & 6 123

94 107

0 0 1 ERTG

ERTG ERTG

Detection 2 10:00:03 AM 36003 3 87 Phase 1 & 6 127 0 0 1 ERTG

Detection 3 10:00:08 AM 36008 8 92 Phase 1 & 6 122 0 0 1 ERTG

Detection 4 10:00:15 AM 36015 15 99 Phase 3 & 7 119 0 0 1 ERTG
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Connected Freight Signal Priority System (ERTG)
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Connected Freight Signal Priority System 5X (Best Run)
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Connected Freight Signal Priority System

Study Conclusions

• ETA-based FSP system can overcome the shortcomings and 

enhance operational efficiency of traditional freight priority 

system.

• Analytical testing revealed that the proposed FSP system 

can accurately estimate freight’s arrival time at the stop bar 

and can provide accurate and efficient priority measure.

• Field deployment results confirmed the accuracy and 

consistency of the proposed priority system.
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