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( SUMMARY )

Purpose &
Contents

Many Transportation policies such as operating HOV/HOT lanes are aimed to

decrease single—occupant vehicles.

As such policies are related with in-vehicle occupant, they require detecting

in—-vehicle occupant technology.

However, there is no research on in-vehicle occupant detecting technology in

Korea, and several researchs and field tests were carried out in USA.

Therefore, our goal was to research on current state of “in-vehicle occupant

detecting technology” and conduct seminars to evaluate the possibility developing

“Korean in-vehicle occupant detecting technology.”

During the research, we conduct 1 domestic seminar and 1 international seminar

and several advisory conferences as well.

Results

@)
@)

Research on In-vehicle occupancy Detection technologies

Conducting 2 Seminars about In-vehicle occupancy Detection technologies(Korea,

U.S.A)

Expected
Contribution

Evaluate possibilities to develop “Korean in-vehicle occupant detecting
technology” and promote developing “Korean in-vehicle occupant detecting
technology” with International organizations with advanced technologies
Evaluate possibilities to utilize various sensors including infrared sensor
Evaluate possibilities to make criteria of “in-vehicle occupant detecting
technology” to utilize in real transportation system such as HOV/HOT lans,
interstate highways, tunnels based on market and technology

Possibility to develop “Research & Develop” projects related with “in-vehicle

occupant detecting technology”

Keywords

Information

Traffic Traffic Demand| Image Data

. . 3 f . . 1 1. h
Forecasting Collection infrared visible light

System




{ Contents >

1. |ntrOdUCti0n of Ceremony ............................................................................................ 1
2. Status of internal and external developed techniques -y 5
3. Contents and results Of Ceremony .......................................................................... 25
4. Achievement of Goal and Contribution to related fields - 39
5. Plan to apply the result from the Ceremony ...................................................... 49
6. Foreign Scientific Technologies Acquired during the Research «eeeeeeeees 43
7. Security Level of the Result from the Research e, A6
8. Research facilities & Equipments registered in the National Science &
Technology |nformation SerVice .............................................................................. 46
9. Written Opinion for the Ceremony .......................................................................... 47
10. Safety ACtion during the ResearCh ........................................................................ 51
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3. o], New Jersey Institute of Technology
- Vehicle Occupancy(Passenger) Detection
4. 959, University of Central Florida
- Vehicle Occupancy Detection System(History & Field Test)
16:45 - 17:00 | Coffee Break
17:00 - 1800 | &9 &%




2. A ATy

o 3JAlY : Seminar for technology of Vehicle Occupancy Detection System(Trends in
U.S and Korea)

o A} FA
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Mane Department/Division Affiliation
Chang Mo Kim, Ph.D. Civil and Environmental Engineering [nglli\;giligy Bgvis
Chang S. Baek, P.E. Traffic Systems Operations Unit North Carolina DOT
_ . . . New Jersey Institute
Dong—Kyun Koh, Ph.D. Dept. of Electrical Engineering of Technology
_ . . . New Jersey Institute
Eon—Soo Lee, Ph.D. Dept. of Mechanical Engineering of Technology
Howon Lee, M.S. R&D, Transportation Engineering I(éré;l“eaSolutlons,
Hwi—Jun Park, Ph.D. Department of Transportation New York City
In—Kyu Lim, Ph.D., P.E. Traffic Engineering Division (Central Office) | Virginia DOT
Jongsun Won, P.E. Eastern Region PTV America
.. . . . New Jersey Institute
Joyoung Lee, Ph.D. Civil and Environmental Engineering of Technology
Junyang Park, M.S. R&D I(éré;l“eaSolutlons,

. . .. . . . New Jersey Institute
Ki—Tae Kim, Ph.D. Civil and Environmental Engineering of Technology
Kyungsu Kim, PCP Transportation Planning Louis Berger

. . New Jersey Institute
Michael Lee, Ph.D. Dept. of Information Systems of Technology

Sang—Cheol Kang, M.S. CEO, Transportation Engineering I(érérTeaSolutlons,
World Bank
Tae Hyung Kim, Ph.D. Transportation Engineering and Policy Group/Korea
Transport Institute
Young—Jun Kweon, Ph.D.. P.E. Virginia Transportation Research Virginia Department
Council of Transportation
e . . . . . . New Jersey Institute
Young—Min Choi Civil and Environmental Engineering of Technology
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Al 3t W& H| 312
10:00 - 11:45 | Optional Seminar and NJIT ITS Lab Tour
11:45 - 13:00 | Lunch Break
Main Seminar - Technology of Vehicle Occupancy Detecting
System : Trends in U.S and Korea
1. Opening Remarks : Mr. Sang Cheol kang. CEO, GnT Solution
Inc.
2. Introduction
3. Presentations
- Technology of Automatic Vehicle Occupancy Detection
13:00 - 16:00 System,(Mr. Howon Lee, Researcher, GnT Solution Inc.)

- State-of-the Practice of HOV/HOT Enforcement in the U.S,(Dr.
Joyoung Lee, Asst. Professor, NJIT)

- Break

- Xerox Vehicle Occupancy Detection System(Mr. Chang S. Baek,
Ph.D. NC DOT)

- Current Status and Limitation of Vehicle Occupancy Detection
System,(Dr. Chang Mo Kim, Project Scientist, UC Davis)

4. Discussion

5. Closing Remarks & Adjourn
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Binary hash codes.
achieved from tanh-like layer

Testing Phase

Database
Image

Query
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push
Weighted
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Training Phase

Shared convolutional neural network
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Midnight
100 am
200 am
F00 am
400 am
500 am
&:0o0 am
700 am
&0 am
00 am
00 am
11:00 am
Noon
100 pm
200 gt
F:00 prm
4:00 prn
5:00 prm
&:00 gm
ZO0 g
800 prit
G:00 prm
7000 pm
100 pm

Toll Schedule

Effective July 1, 215

M

Eastbound
5R-55 1 Riverside Go. Lins

w W Th F  B5al

5345
$3.45
5345
$2.95
$2.95
5295
$2.95
$2.95
§295
5230
$1.50
$1.50

$1.50
$1.50
$1.50
$1.50
$1.50
§1.50
§220
$2.30
$230
230
$230
s230
$230
$330
s4.70
$5.05
$4.85
$4.85
$5.05
§3.55
$2.30
§230
§1.50
$1.50

$1.50 $1.50 $1.50 $1.50 $1.50
$1.50 $1.50 $1.50 $1.50 $1.50
$1.50 $1.50 $1.50 $1.50 $1.50
$1.50 $1.50 $1.50 $1.50 $1.50
$1.50 $1.50 $1.50 $1.50 $1.50
$1.50 $1.50 $1.50 $1.50 $1.50
$2.30 $230 $2.30 $2.30 §1.50
5230 5230 $230 5230 $1.50
$2.30 $2.30 5230 $2.30 3230
$2.30 $230 $2.30 $2.30 $2.30
$2.30 $230 3230 3230 $2.95
$230 $230 $230 $2.30 $2.95
$2.30 $230 $2.30 $3.55 $3.45
£330 $3.30 $3.55 $5.55 $3.45
$470 $4.70 5485 $3.20 $3.45
$2.80 $4.05 $4.75 31015 $345
$6.15 $740 $9.80 $9.95 $3.45
$5.55 $6.90 $9.05 3640 $3.45
$2.60 $3.60 $440 3595 $2.95
$1.55 $3.35 $5.15 $5.60 $2.30
$230 $230 $3.30 $5.15 $2.30
3230 $2.30 5230 $3.30 3230
$1.50 $1.50 $1.50 $2.30 §1.50
$1.50 $1.50 $1.50 $1.50 $1.50

(3 exproe

Midnight
700 am
200 am
F00 am
S0 &t
500 am
00 am
700 am
&:00 am
2:00 am
10:00 am
77:00 am
Noon
1:00 prm
2400 pm
F:00 prm
$00 ot
500 prin
E:00 pm
700 pm
800 prm
200 pm
1000 o
1100 pm

Sun

Toll Schedule

Effective July 1, 2015

M

Westbound
Riverzide Co. Line tn SA-55

w W T F Sat

$1.50
$1.50
$1.50
$1.50
$1.50
$1.50
$1.50
$1.50
$1.95
$1.95
$2.95
$2.95
§2.95
$2.35
$3.35
$2.35
§3.50
$2.50
$3.50
$2.95
$295
$2.95
$1.50
$1.50

$1.50
$1.50
$1.50
$1.50
$2.80
$4.50
$4.70
$5.20
$4.70
$3.70
$230
5230
$2.30
$2.30
$230
$2.30
$2.30
£230
$230
s1.50
$1.50
$1.50
$1.50
$1.50

§1.50 $1.50 $1.50 $1.50 $1.50
$1.50 $1.50 $1.50 $1.50 §1.50
$1.50 $1.50 $1.50 $1.50 $1.50
$1.50 $1.50 $i.50 $1.50 $1.50
$2.80 $2.80 $2.60 $2.80 $1.50
$4.50 $4.50 $450 $4.25 $1.50
$4.70 $470 $4.70 $4.50 $1.50
$5.20 $5.20 3520 $505 $£1.95
$4.70 $4.70 $4.70 3450 $2.30
£3.70 $3.70 $3.70 $3.70 $2.95
$2.30 $2.30 $2.30 $2.30 $2.95
$2.30 $230 $230 $230 $3.35
§230 $2.30 $2.30 §230 $3.35
$230 $230 $230 $230 $3.35
$2.30 $2.30 $230 $2.30 $3.35
$2.30 $2.30 $230 $295 $3.35
$2.30 3230 $2.30 $2.95 $3.50
£2.30 $2.30 $230 $295 $3.50
$2.30 $2.30 $2.30 $3.45 $2.95
$1.50 $1.50 $1.50 $230 $2.30
$1.50 $1.50 $1.50 $1.50 $1.50
$1.50 $1.50 $1.50 $1.50 $1.50
$1.50 $1.50 $1.50 $1.50 $1.50
$1.50 $1.50 $1.50 $1.50 $1.50

[2% 12 &5 =75 &4

Convenlence Plan

For customers who routinely
spend less than §7 in tolls per
month per transponder on the
01 Express Lanes

Ne monthly toll requirements

©One-time non-refundable §75
per Transponder enrcliment
fee.

For customers who take
between 2 and 25 one-way irips
on the 91 Express Lanes per
month.

Customers pay a minimum of
57 in tolls each calendar month
for each transponder assigned
to their account.

The $7 minimum applies only to
tolis on the 91 Express Lanes.

For customers who take more
than 20 cne-way trips on the
91 Express Lanes per month.

$20 per-transponder monthly
membership fee.

Receive a §1.00 peririp
discount for all tolled trips on
the 81 Express Lanes.

Special access accounts are
available for customers who
always drive with three or more
people in their vehicle, drive a
motorcycle, a pure zero-
emission vehicle, or have a
disabled veteran or disabled
person license plate issued by
the DMY.

*Except M-F, eastbound,
between 4-6pm when a 50%
discount is applied.

1 and 2 weeks free does not
apply to these accounts

Download Application

$75 one time $7 minimo $20 mo + $1 discountitrip Free* or 50% discount
“Gerstred S Tcersued Get Started
(2% 13] a=544 &9 dF (s F37)
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Caltrans Trials

Vehicle Occupancy Detection Corporation installed its prototype in Caltrans District 12 (Orange County) in August, 2013.

VODC's technology reached 96% accuracy when counting multiple occupants, regardless of whether their face was partially obscured, hooded,

reclining or mostly covered with hair looking sideways, in the front or the back seats.

(2™ 19] VODC FHo]x]of] AAlE JFHAE Zat b

fis
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[ 12] VOD¢] MF7]5

T2

RESES

Discriminates human skin inside a vehicle, behind
automotive glass

9 Will n(.)t. recognize Animals/Dummies/Photos as =2 /018 /Abx T
falsepositives

3 Works on all skin types from all countries 2E vYEY

4 Is not limited by ambient temperature or by | & W/eF &% Fof
internalvehicle temperature =

5 Works with any amount of hair, including zero | ti™ ], 3%, <-4 Fof
li.e.,bald], cosmetics, glasses, etc A=

6 Works on all vehicle window types EE A

7 Works in all types of weather EE 94

8 Provides information in real time [withinmilliseconds] | 2 4] 7}

9 Works 24 hours a day without need for any Wz zu Wagle
externallighting

10 Works at ranges up to 150 feet 45m

11 Works at vehicle speeds up to 90 mph 145km/h

12 | Works through metallic and tinted windshields A "JE Fol gl
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[Z 13] Xerox A|E9] A 2 HY

AE AF R w9

M -40770 =

AR -20780 &

20-80H A E

208/240 VAC (47763 Hz)

10-160km/hr

dzstElo] AW R A4 E

ZANEHAA FFH SAFoRZ AF

A
A&
14 93 A E
2] 963 M E
AA A9 19: 99 Al E, 29: 90 A E

19: 999 M E, 29: 91 M E

49 79 53

S35 US8611608B2 Front seat vehicle occupancy detection via seat
5835 2011 pattern recognition

S8 5 US8R24742B2 Occupancy  detection  for mapaged lane
=82 = 90124 enforcement based on  localization and
- B e classification of windshield images

E3 M3 US20130141574A1 Vehicle occupancy detection via single band
£33 5 20134 infrared imaging

E3 W 3 US20150363655A1 Smart reduction in near infrared vehicle
E3513 5 20154 windshield images

d

r

HZ =

i

A Machine Learning Approach to Vehicle
Occupancy Detection

Beilei Xu, et. alIEEE 17th International
Conference on Intelligent  Transportation
Systems (ITSC), 2014.

Comparison of Face Detection and Image
Classification for Detecting Front Seat
Passengers in Vehicles

Yusuf Artan, et. al, IEEE Winter Conference on
Application of Computer Vision (WACV), 2014.

Passenger Compartment Violation Detection
in HOV/HOT Lanes

Yusuf Artan, et. al, 2016 IEEE Transportations
on Intelligent Transportation Systems, Vol 17,
No 2, 2016.
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EAT71#S New Jersey Institute of technology®l A7 UA}Ql o]z wF= Wl
&S HF38tal, Federal Highway Administration W€ Saxton Transportation
Operations Labs £93 AdS HF31 dS

o W3l A Transportation Research Board (TRB) Traffic Simulations Subcommittee,
Transportation Research Board (TRB) Travel Time, Speed, and Reliability
Subcommittee®] WH =2 5T o], New jersey Institute of Technology, Department

of Civil and Environmental Engineering®] W42 225

o B3, A% AAsh BAd Borol dFH ATE Bolol FF ¥ /1% L wHEE B
Fotam o
4 % o)) 2 o& | T A 2 9) ET R
e 3 A 7 3 9
5 2010 University of Virginia st ukA}
2002 shek ol sl WEE A A}
F8 &5
e MEATAE ASARNTATD) 9154, 2002-2005
st FerledT A A9, 2000-2002
Assistant Professor, Department of Civil and Environmental Engineering, N]JIT,
(2013-& A1)
Laboratory Manager, Saxton Transportation Operations Lab. Federal Highway
Administration, (2011-2013)
E Research Associate, Center for Transportation Studies, University of Virginia,
(2010-2011)
Member, Transportation Research Board (TRB) Travel Time, Speed, and Reliability
Subcommittee, (2014-& )
Member, Transportation Research Board (TRB) Traffic Simulations Subcommittee,
(2014-& #)

Fo A7

<Low-Cost and Energy-Saving Wireless Sensor Network for Real-Time Urban Mobility

Monitoring System. Journal of Sensors - Lee, J., Zhong, Z., Du, B., Gutesa, S., Kim, K.

(2015)>

- AT 7] AN EFFA AAE 8t 7 FRALE SHSHIL o] & HtE o R EA
AR aE &3 #e7lee] ZREEYS Ndsta Frtskls. @A, City of Newark? -3 ¢
S E3to] S 7149 Pilot TEAHAET A& Fo| UL,

<State-wide Work Zone Monitoring System>

- AA NS EFF2 g ofolulo] AA VREe] P HAL FH VES G835t FT/HV] REFAR
A% 2L AL o2 MHOR FAF WEEF o RIS AL AN A4 FAATF LEF
o Ager A7t QBT AL,

<In-Vehicle Traffic Signal Advisory System Pilot: Data Communications, Processing, and

Mobile Application Prototype Development>

- FAEATINE] Eutd s &8t watRe| HFEske MEAEECAA HA FA & A A BF=
s et Hrtste HAR wAA F o aEFe AYoR A FEHIEE ® Zi%.
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Name Department/Division Affiliation

Chang Mo Kim, Ph.D.

Civil and Environmental Engineering

University of
California, Davis

Chang S. Baek, P.E.

Traffic Systems Operations Unit

North Carolina DOT

Dong—Kyun Koh, Ph.D.

Dept. of Electrical Engineering

New Jersey Institute
of Technology

Eon—Soo Lee, Ph.D.

Dept. of Mechanical Engineering

New Jersey Institute
of Technology

Howon Lee, M.S.

R&D, Transportation Engineering

GnT Solutions,
Korea

Hwi—Jun Park, Ph.D.

Department of Transportation

New York City

In—Kyu Lim, Ph.D., P.E.

Traffic Engineering Division (Central Office)

Virginia DOT

Jongsun Won, P.E.

Eastern Region

PTV America

Joyoung Lee, Ph.D.

Civil and Environmental Engineering

New Jersey Institute
of Technology

Junyang Park, M.S.

R&D

GnT Solutions,
Korea

Ki—Tae Kim, Ph.D.

Civil and Environmental Engineering

New Jersey Institute
of Technology

Kyungsu Kim, PCP

Transportation Planning

Louis Berger

Michael Lee, Ph.D.

Dept. of Information Systems

New Jersey Institute
of Technology

Sang—Cheol Kang, M.S.

CEOQO, Transportation Engineering

GnT Solutions,
Korea

Tae Hyung Kim, Ph.D.

Transportation Engineering and Policy

World Bank
Group/Korea
Transport Institute

Young—Jun Kweon, Ph.D., P.E.

Virgin@a Transportation Research
Council

Virginia Department
of Transportation

Young—Min Choi

Civil and Environmental Engineering

New Jersey Institute
of Technology




Express Lane & HOV Violation Rates in U.S.
“Utah - 2 st
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Seminar for technology of Vehicle Occupancy Detecting sy
- Trendsir '1'S. and Korea -
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® HOT lanes use pricing based on the level of congestion or time of day

Peak-period priced facilities such as highways, bridges and tunnels use pricing based on
the time of day (either higher tolls during rush hours or discounted tolls for off-peak times)

v Variable pricing uses a pre-set schedule of tolls that is periodically revised to account for
changes in congestion or other factors
747 Currently under construction
o] EAES e AP e 5 3
[29 30] ml=re] exedr A5 Ad &4 A%

1EE 2 HOV/HOTAR 9
40078 A d)oll A HOV

Wal odu e
2.4

ol 7 21 A EYolFe A9 1,700
2 AA7F &5, High-Occupancy
A= S99 AX7 278 (Ae Ly

sl
ES

o
]
=

60001 F7HA]

Mr.

Sincerely,

Joe Rouse, P.E.

Statewide Functional Manager -
Caltrans Traffic Operations

You recently asked me for an estimate on the number of units needed should Caltrans wish to utilize the “dtect” camera system.

Through an earlier, unrelated assessment, we identified just under
occupancy. Working off the assumption that each location covers 2 directions, we would be looking at approximately 3400 units. The
conversion of some facilities to high-occupancy toll (HOT) operations may require additional units on some corridors. For this reason, | would
say perhaps an additional 600 units would be needed, bringing the total to approximately 4000 units.

HOV, Express Lanes, Park and Ride

1700 locations across the state where we conduct counts of HOV

Joe Rouse
Statewide Functional Manager - HOV, Express Lanes, Park and Ride

(29 31] vl= g EYols HOV/HOT H37ke] =2 o4 A4l (4 VODC iAol E)

6) GAO(United States Government Accountability Office) Traffic Congestion ®.3LA, 20123 1¢¥
7) Joe Rouse, Statewide Functional Manager - HOV, Express Lanes, Park and Ride, California Department of

Transportation.

(£4: VODC $jr}elE

, http://vehicleoccupancydetection.com/testimonials/)
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1. VOD Corp.
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1. VOD Corp.

sHot= Ol2f 7= 72 = ZE MojLt

[%Q-E-&.' 0 A] - Caltrans District 12 (Orange County), 2013.08 ]

08:61:1290 09 F

10:23:43.2 09 Feb 2018 (OMT Standard Ten Multiple
Multiple P

Passenger’s face covered with hair

Mutiple

Rear seat passenger easily counted Infant partially covered in rear seat Partially visible rear seat occupant
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1. VOD Corp.

M 7IS ]

VEHICLEOCCUPANCY

DETECTION CORPORATION

http://www.vehicleoccupancydetection.com

« Discriminates human skin inside a vehicle, behind automotive glass......Ef & Al O|F THH

«  Will not recognize Animals/Dummies/Photos as false positives ............... ==/ /ARl THE
«  Works on all skin types from all countries ...........ccccoooooiiiiiiiiccce DE m|EEY
« Is not limited by ambient temperature or by internal vehicle temperature................... X2 LY/8 2= F0f Qe

«  Works with any amount of hair, including zero [i.e., bald], cosmetics, glasses, etc.....Ci{H 2|, 3} &, OtA FL0f @l

*  Works on all vehicle window types......... E X2k
«  Works in all types of weather.................... DE N
«  Provides information in real time [within milliseconds]................... AA|ZE

*  Works 24 hours a day without need for any external lighting.....2% £% ZQ ¢&
«  Works at ranges up to 150 feet.................... 45m
*  Works at vehicle speeds up to 90 mph......145km/h

*  Works through metallic and tinted windshields.......... XI2F EIEl 104 92

12



. VOD Corp.
o2 7= 7H=2=S <2t slel dE 7] dE MlojLt

[7|§ =9| (California PATH, Berkeley, 2016.01.) ]

=t 96% (2014 6&, CALTRANS technoiogy trial, district 12 )

& ZHH 2 AHE, ZHHIEE B|E 4Rt S, TM| A|AE 8EHE B

© POIX E|HO K B APD WA 1 Of 1S 0 4-5
c ST I O|ER : 7|E 487|E F7H 14 It
C GNEN S ARlY AE YDEFL 7| YA

- HAEHE X[ HE2 9 102 o




OD Corp. A

AU BHSUH +2 +Hot= 02l 7= 7HR2-S <2t ofel dE 7]= dE MojLt

> = e
YNEN IE 22 ]
- HOV Lane 0|8 &%Hkjat
GAFAHX| CHA OVlane Ol& Sait
eeH= e - BHHIE 4T 58, S
f *}74 OI \ ° Iil-l I:Iéll-
2
== 22 - QA J|EF Fo42
- X ™0 2 FHHE / 170, 22 FHEE/ 104
ZHH|2F 2| X|/70 5=
2t S1%1/7H e
Default Data © AXIZH| « HlFY Camera - 0[N HX|
o JA|YA Camera ¢ PIR MIA +  AHYLe EX
Raw Data P AE] oM + s
i - EEHA EHY - gous
Filtered Data s AX L1Z|= *  Motion Dtection +  Moving Pixel
«  T{EQIAI(ANN) - ZorEEE +  Path detection
. XI2F ElE| Moving | Camera
A S Lo S P
7' EI- o «  Camera & Object Static | Object |

14



2. Xerox

Xerox jit H|=0| A}Qk

S At & B

SR —40~70 & (HS25), M -20~80 & (B=225)
20-80IHAIE (RSE5), 208/240 VAC (47~63 Hz) (B28
VOD Atef 10-160km/hr (ZIXIAl CHAH £5)
2SS 2ZH 220 HE Z22HI22I0N SR SALC=2

NS

HS A & &R

12,24 PHUE  BHHE
EEDNR=RS 1€ PHAIE, 2&8: VIHAIE
A eIXIE 1€ PHHE, 28: I IHHE

S561%5: US861160882, . L "
=515 0011 Front seat vehicle occupancy detection via seat pattem recognition
A = A Machine Leaming Approach to Vehicle Oc | Beilei Xu, et. al, IEEE 171 Intemational Conference on Intelligent Tran
S561HS: US832474282 Occupancy detection for managed lane enforcement based on localization  cupancy Detection sportation Systems (ITSC), 2014.
SolF s 20124 and classification of windshield images Comparison of Face Detection and Image
Claas?fication for Detecting Front Seat Pazie Yusuf Artan, et. al, IEEE Winter Conference on Application of Comp
S5 S US20130141574A1 ) o ) o . . < uter Vision (WACV), 2014.
=513=: 20134 Vehicle occupancy detection via signle band infrared imaging ngers in Vehides
Passenger Compartment Violation Detection = Yusuf Artan, et. al., 2016 IEEE Transporations on Intelligent Transpo
o in HOV/HOT Lanes rtation Systems, Vol 17, No 2, 2016.
S5 S US20150363655A1 o . ) o ’ ; ) - 3 f
=512/=: 20154 Smart redaction in near infrared vehicle windshield images A Machine Leaming Approach to Vehicle Oc | Beilei Xu, et. al, IEEE 171 Intemational Conference on Intelligent Tran
cupancy Detection sportation Systems (ITSC), 2014.
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3. 91 Express Lane

HE MOjLE

[7|§ £92| (91 Express Lanes, Anaheim) }

91 Express Lane 2f 10mile

(s DSl | Sty
e CFAZ(HE2) 29, distH/A|ZIEH/@ddH g2 KIS E7} Sim M Tu W Th F  Sal

Midnight [$1.50 $1.50 $1.50 $1.50 $1.50 $1.50 $1.50

1:00am |$1.50 $1.50 $1.50 $1.50 $1.50 $1.50 $1.50

« QHICCTV 397 &Y, 224 27| YT E 17)A) 2:00am |$1.50 $1.50 $1.50 $1.50 $1.50 $1.50 $1.50
3:00am |$1.50 $1.50 $1.50 $1.50 $1.50 $1.50 $1.50

400am |$1.50 $1.50 $1.50 $1.50 $1.50 $1.50 $1.50

AL (@) (@] o (o)
« HOV E|_|"—'T 17 Hi T':%:', -r| IﬂE Ql': 6% 5:00am |$1.50 $1.50 $1.50 $1.50 $1.50 $1.50 $1.50
6:00am | $1.50 $2.30 $2.30 $2.30 $2.30 $2.30 $1.50
. 7:00am | $1.50 $2.30 $2.30 $2.30 $2.30 $2.30 $1.50
= = = o A
* 3CC)>I-T'—_E| EH(medlan) M-Ol '7—I-O| ?_'|§O1|A'| _‘:"_Ol—l- E'—l-_' 8:00am |$1.85 $2.30 $2.30 $2.30 $2.30 $2.30 $2.30

9:00am |$1.85 $2.30 $2.30 $2.30 $2.30 $2.30 $2.30

o =] O CEA O] == 70:00 am | $2.95 $2.30 $2.30 $2.30 $2.30 $2.30 $2.95

© FIEAE B4 U E HEHE =5 KA 11:00am |$295 $230 $230 $2.30 $230 $2.30 $2.95
Noon |$345 $2.30 $2.30 $2.30 $2.30 $3.55 $3.45
1:.00pm | $3.45 $3.30 $3.30 $3.30 $3.55 $5.55 $3.45
1 200,20 ’% 2:00pm |$345 $4.70 $4.70 $4.70 $4.85 $3.20 $3.45

@ . s DN 5000m | $295 $505 $3.60 $4.05 $475 S1015 $345
\ 4:00pm |$2.95 $4.85 $6.15 $7.40 $9.80 $9.95 $3.45
5:00pm |$2.95 $4.85 $5.55 $6.90 $9.05 $6.40 $3.45
6:00pm | $2.95 $5.05 $3.60 $3.60 $4.40 $595 $2.95
7:00pm |$2.95 $3.55 $3.55 $3.55 $5.15 $5.60 $2.30
8:00pm |$2.95 $2.30 $2.30 $2.30 $3.30 $5.15 $2.30

. 9:00pm V$220 $230 $£230 $230 $230 £330 $2.20
o> <REXZ 2F W ETC> <0|8aa>

A
OH
|
Il
o

16 (https://www.91expresslanes.com/index.asp)
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3. 91 Express Lane
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A H Embedded System

© 5008 HE L OpenAPl M2 L AHIA
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Aol A A X
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KVOD System

KVOD & & Al
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Infra—Red Camera,
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Laser Trigger, Main—board,
Power Unit, Communication
llmt DE QIRASH 24

Infra—Red Camera,
Laser Trigger 2= &

Communication 2& JH&
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Housing Development
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Embedded System
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Advanced Computer Vision
H Al 7|Z 7|22
MR o A F5 7|2

Embedded System

Cloud System

T2 S

A G2 dote

SFAFS 2|5t Stereo Camera, Laser(Lidar, Radar) MlA{ 7|t
in-vehicle object(A al

BEEEELE T
CNN 2 285 In-vehicle object 9 A2 ZAI/4¢| 30| §¥ o B B4 71% Ny
R2IYY 22 5 ¥12I3 58E AT 27

0|2 £ SFatS QT HE 2| 7|8t 7t4 2ne|S e O UH|CIE A|AE 6

Multi-Core CPU, GPU AQ| 5t=9|0] H-s2 ZICHSt 5t7| 8t OpenCL, Open VX 2t0|E2{2| At
RISA|s 7|8t 2|14l R =0 Embedded System2 22| H&

2210 EstEl Fetot EAHE =& RN SHAHT 2 et

R 7t0fl2te] 2h2F L ARZR|CHE 2[5t
FZE2 (class: C), 224 = (velocity: V), 3H A (vehicle trajectory: T) 52| BEENS EMFAET
12 AS 7= oY

1 212[(a), 2FFBA1712] 213 1| (b), AZHA7|2F S2RAAB R 7|2 2(H 2+ ()2 AlL
[ol2te] 401912 (h)2t £t (o). 2 BZL= (B)E 23

Wi

f

oy
ox or"

\uJN

pv)

DAl2{W Gl0|E{S] 3, MH|A CHRIEHZ $I3 Open Source API A2 (B2B, B2G MEIAE)
27]0| 31E9]0f ISR 2|45 U o= HAA n2is 05 Y HHUAAL 8

MQTT BrokerE 2t85t0] 0{4l2{d C|0|E{ 2| & *2' 2 Z1|-'—
et 7|7k zl_._ﬂ% 2|5t Open source Archltecture =255

HEIleS ReLiet nESHEFM ALY HIAE HA|, 4
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1-2 B2l A7z =L/l g

HM-40~70 = (RfS25), M -20~80 &= (BE2E)
20-80HMIE (Rt5E5E), 208/240 VAC (47~63 Ho) (S
10-160km/hr (ZR|A| CHe £55)

AY=olz|0] 2Z0|=2|0f A2 2EN22|oM FRHE SMYe2 1S

VOD AtR¥

HE AL L e
19,28 PHHE , I6THHIE

27| o 124 GOTHMIE, 2%: QUIHMIE

AlZRIZIE 1 9mMIE, 2 9T HMIE

E5|#H5:US8611608B2, . L. .
Front seat vehide occupancy detection via seat pattem recognition

S5 20114 AMachine Leaming Approach to Vehide Oc | Beilei Xu, et. al, IEEE 17t Intemational Conference on Inteligent Trans
E5|HS: US882474282 Ocaupancy detection for managed lane enforcement based on localization an - cupancy Detection portation Systems (TSC), 2014,
SotrS: 20124 d dassification of windshield images Comparison of Face Detection and Image Cl
aasfication for Detecting Front Seat Passenge Yusuf Artan, et. al, IEEE Winter Conference on Application of Comp
E5{915:US20130141574A1 . . . o ‘ ,
5 Vehide occupancy detection via signle band infrared imaging rsin Vehides uter Vison (WACV), 2014

E351215:20134

Passenger Compartment Violation Detection | Yusuf Artan, et. al,, 2016 IEEE Transporations on Inteligent Transport
54415+ US20150363655A1 - . ' - in HOV/HOT Lanes ation Systems, Vol 17, No 2, 2016.
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Cloud Service Category

On-premise Infrastructure Platform Software
Environment (as a Service) (as a Service) (as a Service)
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Cloud Service Market Trend
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Data Science
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ANN

I Deep Learning (CI= 2{|0]0] 7£R)0j|AM 2] Overfitting Problem- ( Black_box)
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Vehicle Occupancy (Passenger) Detection

Joyoung Lee, New Jersey Institute of Technology

Seoul, June 17, 2016
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Discussion Topics

Occupancy Detection for Managed Lanes —
A Perspective

Technology and Implementation Options
A Review of Recent Studies & Evaluations

Looking Ahead
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Why Bother?

More lane-miles of HOV/HOT
Connected networks with multiple entry and exit
points

Often fully utilized real estate, with little space left
for police cruisers

Manual enforcement challenging; Needs for
enforcement

CALIF O NI A

PATH

3




Let’s Issue Them Tickets
(Automated or Not)

e Main differences between Commonly Seen
Enforcement versus Vehicle Occupancy Enforcement

— Conventional (automated) enforcement focused on
safety applications, such as red light running and
speed enforcement

— HOV/HOT enforcement focused on vehicle
qualification to maximize mobility and reduce toll
evasion

« Commonality between the two:

— Enforcement typically present a deterrence effect,
even if not absolutely accurate or omnipresent

— Technology (e.g. triggering & image processing)

CALIF O N 1A

often usable for either type of systems P MH
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Can Machines Do It for Us, or
Should Humans Stay Involved?

Exemplar Implementation Options:
Manual enforcement with technology assist
Transponders + Readers
License plate recognition

Some involvement of registration and self
declaration

Fully automated enforcement technology
External detection
In-vehicle detection + communication

CALIF O N 1A
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Gadgets and Tools

1. Outside of vehicles
- Image processing (object recognition)

- Roadside equipment (communication & computing
& displays)
2. Inside vehicles

- Transponders (tolling & communication)

- Onboard equipment (occupant detection,
communication, positioning — GPS, etc.)




Selective Paths Taken Recently

Georgia Toll Authority
— Gantry Controlled Access
— “Invisible Barrier”

SANDAG FHWA VPP based project for Violation
Enforcement

— RFP in 2009 for testing on I-15 ML
— Field Tests in Summer 2010

o Georgia Technology Research Institute
— Continuation of research one decade ago

CALIF O N 1A

— Field tests in coming months PMH
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Gantry Controlled Access (GCA)

- courtesy of Patrick Vu, Georgia SRTA

“Invisible Barrier” solution

~Tolling system 1dentifies vehicles Toll Gantry
passing toll gantry sites by reading (Exit) )
transponder reads or capturing license
plate images

Toll Gantry
> mile toll gantry spacing deters (Intermediate)
dodging in and out the HOT lane
~Tr1p progression monitoring detects Violation
entry/exit violations Enforcement
Camera
» Automatic 1ssuance of toll violation
notices based on missed number of
gantries Toll Gantry
i &
= (Entry)

»Indirectly enforces double white line
weaving with issuance of mailed toll

8

Entry/Exit
weaving zone
with skip lines

Double white
line separation
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Vehicle Occupancy Enforcement
- courtesy of Patrick Vu, Georgia SRTA

» Qualifving carpoolers self-declare HOV status by telephone.,

smart phones. or online account. Other possible ways \k\\\“ Sy

include kiosks and texting. \

» Tolling Back Office transnuts list of “Toll-Exempt” vehicles @ Wireless Update
to a mobile Automatic License Plate Recognition (ALPR )
system onboard police cars

» The ALPR reads license plate of passing vehicles and notify
officers to check occupancy of only “Toll Exempt™ vehicles

» Policing efforts reduced to only checking 1 out of every 4
vehicles in the HOT lane

» Police can use ALPR to check for stolen vehicles. arrest
warrants. and Amber alerts

» Instead of portable transponder readers, ALPR approach Bl L L EgR 0T
will work with a possible future video tolling option AT

) (. Georgia
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SANDAG Occupancy Camera Test
Summer 2010

Test took place over the weekend of July 30,2010

Test Team: Delcan, SANDAG, HNTB, PATH/CCIT, SMG,
Caltrans and CHP and many volunteers

UCB (PATH/CCIT), under Caltrans sponsorship,
participated as independent evaluator

CALILF QO NI A

— PATH
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I-15 Miramar Way Test Site

Camera trigger

<ty ek




We Kicked Tires Pretty Hard ...

Controlled tests in protected site with no other traffic,
552 controlled test points/runs with various
combinations of possible scenarios

— Number of occupants

— Seating positions

— Occupant types (adult, teen, child, dummy)

— Speed (10 to 80 mph)

— Vehicle types (car, pickup, van, SUV, mini)

— Daytime and night-time

48 Semi-Controlled Runs

- Pre-determined test cases in regular traffic

Multiple days data available from uncontrolled testing

CALIF O N 1A

PATH
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And We Learned That ...

o Overall, there is no discernible patterns to evaluate
the statistical significant effect of individual variables
(speed, vehicle type, occupant type, etc.) due to the
low level of performance.

» Occlusion is an obvious factor for technology types
that are based on image processing, as can be seen in
the relatively low pass rate for second-row occupants
on driver side versus middle and passenger-side
occupants.

CALIF O N 1A
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SANDAG April 2012 Forum

« SANDAG and Caltrans hosted an industrial forum in
April 2012 to explore the latest developments in
occupancy detection

— More vendors have products in different stages

— Five potential vendors offer systems based on
image processing

— Two industrial participants offer systems based on
ride-sharing and vehicle identification concepts

« SANDAG/Caltrans intends to issue an RFP later in the
year to determine, and proceed with a new round of
field tests if feasible.

CALIF O N 1A
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Will We Ever Get There?

o External detection methods have limitations in
accuracy, but high enough accuracy, coupled with
deterrence effects, may be sufficient.

o Despite the availability of in-vehicle sensing and the
proposal of “"connected vehicles concept”, near-term

deployment is unlikely.

» Cost-effectiveness from the perspective of system-
wide implementation is very challenging.

CALIF O N 1A

PATH
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Light at the End of Tunnel?

 Image processing (and thus object recognition) will
continue to improve, and likely overcome current
shortcomings.

o« The combinations of transponders, registration, self-
declaration, license plate recognition, and other
things will see more implementation, and provide
valuable lessons for future projects.

o There will be considerable growth in personal
mobility applications that come with the ubiquitous
mobile devices. How can this connectivity
phenomenon play into the enhancement of i viroiv1s

enforcement systems? PM H
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Finally ...

 The primary objective is to effectively enforce
occupancy requirements without creating major
barriers to, or better yet facilitating and
encouraging, HOV participation when occupancy is a
discriminator (until all vehicles are tolled equally).

 Automated occupancy enforcement is a tool "nice to
have.” We are getting closer, but not quite there
yet.

 As shown in some cases, such as Georgia SRTA, a
semi-automated process can help alleviate the
burden of enforcement. S 4L

PATH

17



Vehicle Occupancy Detection System
- History & Field Test -

Juneyoung Park, Ph.D.

Research Assistant Professor
Department of Civil, Environmental & Construction Engineering

Safety Program Deputy Director
Center for Advanced Transportation Systems Simulation
University of Central Florida, USA



Presentation Outline

» Background/Business Rules

» |ssue — |-110 Northbound AM Peak
» Trips
» Violations/Citations
» HOV Only

» Self Declaration
» Manual Observation
» Automated Observation

» Summary
» Next Steps
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Business Rules

» All vehicles (except buses, motorcycles, & emergency

responders) required to have a FasTrak® —
®mtru solo

» FasTrak Flex®for carpools e

> 24/7 tolling operation e

> Dynamically priced - $0.10 to $1.40 per mile =~ == ===
» |-10 - HOV 3+ Toll-free peak hours; HOV 2 off-peak

> |-110 - HOV 2+ Toll-free at all times A
» SOV Pay Toll at all times i

» Transponder can be used in multiple vehicles EQSMK
flex
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Annual AM Peak Trips

I1-110 Northbound AM Peak Trips: 5—-9 AM
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Annual Violation Trips

I-110 Northbound ViolationTrips
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Annual Citations Issued

1-110 CHP Citations Issued - AM & PM Peak

12,000

10,000

8,000

6,000

Citations Issued

4,000

2,000

T
2012 2013 2014 2015



Minutes in HOV Only Status by Year

I-110 Northbound '"HOV Only' Minutes
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1-110 Northbound 'HOV Only' Minutes
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Manual Occupancy Counts (Segment 4)

(7 am — 10 am)

Methodology

» Situated to see occupants and Beacon lights
» AM of July 14, 2015

» 2, 2-person teams:
= Team 1 - verbally state occupancy, other records

= Team 2 — verbally state enforcement beacon, other records
» Performed in blocks of 30 vehicles
» Able to observe 61.3% of all vehicles
» Did one lane at a time (since In a 2 lane segment)
» Totals were compared and switch setting error rate determined
» Lane transaction data obtained and compared to enforcement
beacon data to validate field observations



Manual Occupancy Counts (Segment 4)

(7 am — 10 am)

1-110 Northbound Vehicle

Visual Occupancy Compared to Switch Settin
Occupancy - Toll System FEREE B g

as a % of Transactions

80%
70% -
60% -
50% -

71%

58%
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SOV & Vio HOV
M Visual M Beacon

All Vehicle Trips -March 2015 thru February 2016



Demo for Automated Occupancy Counts

Objective
1) Establish approach to matching Xerox Vehicle
Passenger Detection System (XVPDS) and Metro
ExpressLanes toll transactions

2) Determine accuracy of XVPDS versus Manual Review

3) Determine Violation Rate for lane under evaluation



Test Approach and Process

Installation of Equipment

Training Data Collection

24 hours of data from September 3-4
Model Creation

Development of XVPDS Model by Manual Scoring from Training
Data

September 7-17: 17,000 Vehicles

Develop Process For Matching XVPDS Data to Tag Setting Data
September 15- October 5

Confirmation of Approach: October 5 - 20

Data Analysis for October 8: ~14,000 Vehicles

Manual Image Review To Establish Accuracy: Oct 28- Nov 8
Tag Setting Comparison to XVPDS Output: October 29



Rear Camera and llluminator
plus Laser Trigger

Front Camera and llluminator
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20151008_063007.113_0_Lane1.Frontview.tif

20151008_063007.104_0_Lane 1.Sideview.tif

Specify Passenger Occupancy

Front Seat Rear Seat
Occupied Occupied
Empty Empty
Skip Skip

Total Passengers:

Front Statistics Side Statistics
Accuracy: Accuracy:

Skip Rate:  1.0000 Skip Rate:  1.0000

File Count: 2 File Count: 2

Front Unoccupied, Rear Unoccupied - XVPDS Correct



Front and Side Images (2)

20151008_130028.065_0_Lane1.Frontview.tif

o

~Amy —

9}

Front Occupied, Rear Unoccupied — XVPDS Correct



Xerox VPDS Model

» 24 hour period to establish XVPDS Model

» Captures varying light conditions, varying traffic conditions,
» Images captured

» ~14.093 Front Images

» ~14,093 Rear Images

» Images were scored for Occupancy by Manual Image Review
Front Seat: Occupied or Not Occupied

Rear Seat: Occupied or Not Occupied

Data is then combined to determine: Single Occupant Vehicle or High Occupancy Vehicle

Y ¥V Y Y

This process creates the XVPDS Model and the system is trained or “learns” what is an
Occupied Vehicle and what is Not.



Preliminary Analysis — Phase | Demo

» October 8 Data Analyzed 14,093 vehicles over 24 hours
» Compare tag declarations against XVPDS output based on time stamp

Total= 14093

SOV Mode or
HOT Mode




Summary

» Manual Occupancy violator rates - 29% (71% SOV, 29%
HOV)

» XVPDS - 21.8% Violation Rate (54% SQV; 45% HOV)

» Accuracy (i.e. when XVPDS declares the vehicle is an SOV
and the vehicle is an SOV) was 94.1%

» When augmented with Manual Image Review, could be
iImproved to 99.9% accuracy

» Pilot installation where XVPDS was not directly tied to the Toll
Collection System

» Matching was based on XVPDS and Toll System time stamps



Next Steps

» Xerox currently testing the occlusion rate in 2nd
lane (Phase |l of Demo)

» Once rate is determined Metro will make a
decision whether to move forward or not

» If decide to move forward, a Concept of
Operations will be prepared

» Present to Metro Board for approval

» Begin installation on [-110 and 1-10
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Foreign Advanced Technology review seminar for the
development of Future Technology for Collecting
Number of Person in Vehicle

Aug. 26th, 2016

EE ) New Jersey Institute of Technology
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91 Express Lane




1. VOD Corp.
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1. VOD Corp.

sHot= Ol2f 7= 72 = ZE MojLt

[%Q-E-&.' 0 A] - Caltrans District 12 (Orange County), 2013.08 ]

08:61:1290 09 F

10:23:43.2 09 Feb 2018 (OMT Standard Ten Multiple
Multiple P

Passenger’s face covered with hair

Mutiple

Rear seat passenger easily counted Infant partially covered in rear seat Partially visible rear seat occupant
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1. VOD Corp.

M 7IS ]

VEHICLEOCCUPANCY

DETECTION CORPORATION

http://www.vehicleoccupancydetection.com

« Discriminates human skin inside a vehicle, behind automotive glass......Ef & Al O|F THH

«  Will not recognize Animals/Dummies/Photos as false positives ............... ==/ /ARl THE
«  Works on all skin types from all countries ...........ccccoooooiiiiiiiiccce DE m|EEY
« Is not limited by ambient temperature or by internal vehicle temperature................... X2 LY/8 2= F0f Qe

«  Works with any amount of hair, including zero [i.e., bald], cosmetics, glasses, etc.....Ci{H 2|, 3} &, OtA FL0f @l

*  Works on all vehicle window types......... E X2k
«  Works in all types of weather.................... DE N
«  Provides information in real time [within milliseconds]................... AA|ZE

*  Works 24 hours a day without need for any external lighting.....2% £% ZQ ¢&
«  Works at ranges up to 150 feet.................... 45m
*  Works at vehicle speeds up to 90 mph......145km/h

*  Works through metallic and tinted windshields.......... XI2F EIEl 104 92

12



. VOD Corp.
o2 7= 7H=2=S <2t slel dE 7] dE MlojLt

[7|§ =9| (California PATH, Berkeley, 2016.01.) ]

=t 96% (2014 6&, CALTRANS technoiogy trial, district 12 )
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OD Corp. A

AU BHSUH +2 +Hot= 02l 7= 7HR2-S <2t ofel dE 7]= dE MojLt

> = e
YNEN IE 22 ]
- HOV Lane 0|8 &%Hkjat
GAFAHX| CHA OVlane Ol& Sait
eeH= e - BHHIE 4T 58, S
f *}74 OI \ ° Iil-l I:Iéll-
2
== 22 - QA J|EF Fo42
- X ™0 2 FHHE / 170, 22 FHEE/ 104
ZHH|2F 2| X|/70 5=
2t S1%1/7H e
Default Data © AXIZH| « HlFY Camera - 0[N HX|
o JA|YA Camera ¢ PIR MIA +  AHYLe EX
Raw Data P AE] oM + s
i - EEHA EHY - gous
Filtered Data s AX L1Z|= *  Motion Dtection +  Moving Pixel
«  T{EQIAI(ANN) - ZorEEE +  Path detection
. XI2F ElE| Moving | Camera
A S Lo S P
7' EI- o «  Camera & Object Static | Object |
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2. Xerox

Xerox jit H|=0| A}Qk

S At & B

SR —40~70 & (HS25), M -20~80 & (B=225)
20-80IHAIE (RSE5), 208/240 VAC (47~63 Hz) (B28
VOD Atef 10-160km/hr (ZIXIAl CHAH £5)
2SS 2ZH 220 HE Z22HI22I0N SR SALC=2

NS

HS A & &R

12,24 PHUE  BHHE
EEDNR=RS 1€ PHAIE, 2&8: VIHAIE
A eIXIE 1€ PHHE, 28: I IHHE

S561%5: US861160882, . L "
=515 0011 Front seat vehicle occupancy detection via seat pattem recognition
A = A Machine Leaming Approach to Vehicle Oc | Beilei Xu, et. al, IEEE 171 Intemational Conference on Intelligent Tran
S561HS: US832474282 Occupancy detection for managed lane enforcement based on localization  cupancy Detection sportation Systems (ITSC), 2014.
SolF s 20124 and classification of windshield images Comparison of Face Detection and Image
Claas?fication for Detecting Front Seat Pazie Yusuf Artan, et. al, IEEE Winter Conference on Application of Comp
S5 S US20130141574A1 ) o ) o . . < uter Vision (WACV), 2014.
=513=: 20134 Vehicle occupancy detection via signle band infrared imaging ngers in Vehides
Passenger Compartment Violation Detection = Yusuf Artan, et. al., 2016 IEEE Transporations on Intelligent Transpo
o in HOV/HOT Lanes rtation Systems, Vol 17, No 2, 2016.
S5 S US20150363655A1 o . ) o ’ ; ) - 3 f
=512/=: 20154 Smart redaction in near infrared vehicle windshield images A Machine Leaming Approach to Vehicle Oc | Beilei Xu, et. al, IEEE 171 Intemational Conference on Intelligent Tran
cupancy Detection sportation Systems (ITSC), 2014.
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3. 91 Express Lane

HE MOjLE

[7|§ £92| (91 Express Lanes, Anaheim) }

91 Express Lane 2f 10mile

(s DSl | Sty
e CFAZ(HE2) 29, distH/A|ZIEH/@ddH g2 KIS E7} Sim M Tu W Th F  Sal

Midnight [$1.50 $1.50 $1.50 $1.50 $1.50 $1.50 $1.50

1:00am |$1.50 $1.50 $1.50 $1.50 $1.50 $1.50 $1.50

« QHICCTV 397 &Y, 224 27| YT E 17)A) 2:00am |$1.50 $1.50 $1.50 $1.50 $1.50 $1.50 $1.50
3:00am |$1.50 $1.50 $1.50 $1.50 $1.50 $1.50 $1.50

400am |$1.50 $1.50 $1.50 $1.50 $1.50 $1.50 $1.50

AL (@) (@] o (o)
« HOV E|_|"—'T 17 Hi T':%:', -r| IﬂE Ql': 6% 5:00am |$1.50 $1.50 $1.50 $1.50 $1.50 $1.50 $1.50
6:00am | $1.50 $2.30 $2.30 $2.30 $2.30 $2.30 $1.50
. 7:00am | $1.50 $2.30 $2.30 $2.30 $2.30 $2.30 $1.50
= = = o A
* 3CC)>I-T'—_E| EH(medlan) M-Ol '7—I-O| ?_'|§O1|A'| _‘:"_Ol—l- E'—l-_' 8:00am |$1.85 $2.30 $2.30 $2.30 $2.30 $2.30 $2.30

9:00am |$1.85 $2.30 $2.30 $2.30 $2.30 $2.30 $2.30

o =] O CEA O] == 70:00 am | $2.95 $2.30 $2.30 $2.30 $2.30 $2.30 $2.95

© FIEAE B4 U E HEHE =5 KA 11:00am |$295 $230 $230 $2.30 $230 $2.30 $2.95
Noon |$345 $2.30 $2.30 $2.30 $2.30 $3.55 $3.45
1:.00pm | $3.45 $3.30 $3.30 $3.30 $3.55 $5.55 $3.45
1 200,20 ’% 2:00pm |$345 $4.70 $4.70 $4.70 $4.85 $3.20 $3.45

@ . s DN 5000m | $295 $505 $3.60 $4.05 $475 S1015 $345
\ 4:00pm |$2.95 $4.85 $6.15 $7.40 $9.80 $9.95 $3.45
5:00pm |$2.95 $4.85 $5.55 $6.90 $9.05 $6.40 $3.45
6:00pm | $2.95 $5.05 $3.60 $3.60 $4.40 $595 $2.95
7:00pm |$2.95 $3.55 $3.55 $3.55 $5.15 $5.60 $2.30
8:00pm |$2.95 $2.30 $2.30 $2.30 $3.30 $5.15 $2.30

. 9:00pm V$220 $230 $£230 $230 $230 £330 $2.20
o> <REXZ 2F W ETC> <0|8aa>

A
OH
|
Il
o

16 (https://www.91expresslanes.com/index.asp)



3. 91 Express Lane ———t
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3. 91 Express Lane
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State-of-the Practice of HOV/HOT
Enforcement in the U.S

2016.8.26

Joyoung Lee, Ph.D.
Department of Civil and Environmental Engineering
New Jersey Institute of Technology
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Outline

« Background

« Review of enforcement techniques and
technologies

« State-of-the practice of HOV/HOT
enforcement overview

« Concluding remarks with findings
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Background

* High-occupancy vehicle (HOV) facilities in the
U.S have proven to be effective in enhancing
mobility in a cost-effective manner.
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Background

« This success, along with the availability of electronic

toll collection tec

nnology, has led the expansion of the

HOV system and the implementation of high-

“ 7 = ~ .
New Jersey’s Science & Technology University

occupancy toll (HOT)

facili_ties.
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Background

« Although these facilities hold promise to help address
the growing demand for travel, a significant challenge
lies in the ability to enforce occupancy requirements
by minimizing impact on the operation of the facilities.

< HPRESIANRS B, N IREN, 1. St anh " S | e
= s vk P | & ()
i, BE kel oo
,' i | ] X § K
AN §

/M’-l;? ence Sechnology Universty NEWARK COLLEGE OF ENGINEERING



Enforcement techniques review

« Manual Enforcement

— The most widely used enforcement technique for
occupancy violation on HOV/HOT facilities.

— The sequence for a typical manual enforcement
operation: visually check = pursue an identified
vehicle - issue citation.
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Enforcement techniques review

« Enforcement with Assistance of Toll
Transponders for transponder-based
HOV/HOT facilitie
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Enforcement techniques review

 Enforcement with Assistance of Toll
Transponders
— Toll Transponder
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Enforcement techniques review

« Enforcement with Assistance of Toll
Transponders . Sequence

Interstate 495 High Occupancy Toll

1

s
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Enforcement techniques review

« Difficulty of determining vehicle occupancy:

— Police officers frequently found that they stopped
vehicles with sleeping adults or small children sitting
below window level.

« Safety concerns and disrupting traffic:

— On heavily traveled freeways during peak periods,
officers found it extremely difficult to join the stream of
traffic safely to pursue a potential violator.

— Further, when the officer escorted the vehicle to a
shoulder, the traffic flow on the facility was disrupted

NEWARK COLLEGE OF ENGINEERING



Enforcement techniques review

« Difficulty in identifying vehicle occupancy:
— Although the validity of the transponder can be
determined automatically, verification of the vehicle

occupancy that would allow non-payment of the toll
(i.e., HOV) remains a manual process.

« Difficulty in matching a signal of a violator to a

real violator:

— When a vehicle passes a roadside transponder reader,
qguickly matching the vehicle to the signal, which
Indicates the validity of a transponder within that
vehicle, is a challenge for police officers.

NEWARK COLLEGE OF ENGINEERING



Enforcement technologies overview

* In-Vehicle Occupancy Detection
Technologies
— Seat Belt Monitoring Sensor
— Weight Sensor
— Optical Systems
— Capacitive Sensors
— Ultrasonic sensors
— Smart Cards and Readers

* Require an in-vehicle sensor unit
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Enforcement technologies overview

* Roadside Occupancy Detection Technologies
— Video Systems
— Infrared Systems
— Passive Microwave Systems

-> Suivant
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Enforcement technologies overview

* Roadside Occupancy Detection Technologies
— Video Systems
— Infrared Systems
— Passiyg M
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State-of-the Practice in the U.S

« |-15 Express Lanes, Salt Lake City, Utah

— Toll Transponder + Manual

— State police visually monitor vehicles to identify SOVs;
then, they look to see if the SOV is authorized to use
the facility based on the decal affixed to the window

A;iemmmmmgy C—— NEWARK COLLEGE OF ENGINEERING



State-of-the Practice in the U.S

. I394 MnPASS Minneapolis, Minnesota
=

Raytf\eon Moblle Enforcement Reader
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State-of-the Practice in the U.S

* |-25 EXxpress Lanes,
Denver, Colorado

— Toll Transponder + Manual

— At the toll collection zone, if any
vehicle without a transponder
passes through the toll/express |
lane, then the vehicle is declared &
as a “toll” violator.

— If a violator passes through the
HOV lane, then the police officer
stops the vehicle and issues a
citation

A;iemmmmmgy C—— NEWARK COLLEGE OF ENGINEERING




State-of-the Practice in the U.S

« SR-91 Express Lanes,
Orange County, California

— The first privately financed toll
road in the United States

— (Fully Automated) Toll
Transponder + Manual

— A vehicle w/o a transponder 2>
license plate photo - ticket

— Vehicle occupancy enforcement E
Is performed by a police officer |
who assesses the number of
occupants from an observation
booth.

/M’-l;? ence Sechnology Universty NEWARK COLLEGE OF ENGINEERING




State-of-the Practice in the U.S

« SR-91 Express Lanes,
Orange County, California

— The first privately financed toll
road in the United States

— (Fully Automated) Toll
Transponder + Manual

— A vehicle w/o a transponder 2>
license plate photo - ticket

— Vehicle occupancy enforcement E
Is performed by a police officer |
who assesses the number of
occupants from an observation
booth.
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Concluding Remarks

* Reviewed both technigues and technologies
for HOV/HOT enforcement

* Revealed significant challenge of enforcing
occupancy restrictions in HOV/HOT facilities
— Safety

— Congestion
— Difficulty of determining vehicle occupancy

NEWARK COLLEGE OF ENGINEERING




Concluding Remarks

 All currently feasible approaches in the state-
of-the practice still require a manual
enforcement component

« Although the use of toll tag technology may
help enforcement, it alone will not provide
sufficient enforcement effectiveness.

 There exist numerous advanced enforcement
technologies but they have not been fully
deployed

NEWARK COLLEGE OF ENGINEERING



Concluding Remarks

* Need to closely investigate the reasons for
such a slow deployment for the U.S market

* Possible reasons might be:
— Accuracy Issue ( hard to achieve 100% accuracy)
— Cost vs. Effectiveness
— Low violation rate

« U.S DOT strategy to expand the coverage of
managed lanes could be a crucial impetus for
the deployment of automated enforcement
technologies

NEWARK COLLEGE OF ENGINEERING



>*Nothing Compares_-_

NORTH CAROLINA

Xerox Vehicle Occupancy Detection System
<Introduction and Field Test>

Seminar for Transportation Technology and
Trends in U.S. and Korea

Changseok Baek, PE




Congestion Countermeasure: “Managed” Lanes

Traffic congestion sets US back by $87 Managed Lanes:

billion/year in wasted fuel and time (2010)  High Occupancy Vehicle lanes (HOV)
—— , o High Occupancy Tolling lanes (HOT)

HOV 2+ ONLY

2 OR MORE
PERSONS

PER VEHICLE

Source: http://urban-review.com/atlanta-to-get-traffic-

makeover-with-new-high-occupancy-toll-lane/ HOT Lanes:

« HOV Lanes which Single Occupant

Enforcement has Proven Difficult: : :
Vehicles may use if they pay a toll.

+HOV lane violation rate:

up to 65% » Toll is assessed with an RFID
*Manual HOV enforcement rate: transponder.
<10% » Use RFID transponders with Self-
“Current enforcement practices limit declaration switches
potential support for more HOV/HOT * \/oluntary Comp“ance

projects.” =McCormick Rankin Corp



IBTTA History on the Subject

The Future of Tolling:

ORT and the Path to Interoperability

Roadside Systems
Sensing Technologies

» Viable Technologies
— Multiband Infrared Systems

— Infrared Systemls

* Non-viable Technologies
— Photo and Video Systems

— Passive Microwave
— Ultrawideband (UWB) Radar




HOV / HOT Enforcement Goals

HOV Enforcement Goals

*Improve current manual
enforcement accuracy

Increase from 10% - 60% to 70%

*Improves Safety for Law
Enforcement

*Provide automated process for
enforcement and notification

*Provide mobile enforcement
capabilities

HOT Enforcement Goals

* Need higher accuracy for toll
violation enforcement — >90%
desired

« Automated Process of both Toll
Violation and HOV Violation

* Provide automated process for
enforcement and notification

* Provide mobile enforcement
capabilities



Video-Based Detection Challenges

Lack of proper illumination
Tinted glass

Occlusion of Occupants

Pose Variation of Occupants
Vehicle speed, size, shape
Imaging Geometry varies
Window Composition
Weather condition (snow, fog,
atmospheric distortion etc)
Use of dummies

N OMEWN S
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Capability/Performance Advances

Xerox Occupancy Detection Strategy

Spectral Approach Occupancy Detection Results

-Can detect front and rear seat occupancy
+Dummy Detection Possible

*Robust to blurring due to motion

ore robust to weather related noises
*High cost/potential high accuracy

mm shn
detedion
akgunlien

B%metric approach .

Output of the algoriths

«Low cost/Acceptable accuracy
*Rear seat occupancy imageable and
automatically detectable

-No distinction in Dummy and Human
detection

Sample Images & Face Detection Algorithm

Geometric approach

Passenger Face Not Detected
And Seat Detected : Candidate Violator

Time



Leveraging Existing Tolling Infrastructure

<> ||||-<>

LOCAL
PROCESSING

DOWNSTREAM

BACK OFFICE

ENFORCEMENT OFFICER TOLLING
ON ROADWAY |

OPERATION

ENFORCEMENT OFFICER
IN BACK OFFICE




Active Roadway Pilot Results:
Vehicle Occupancy Testing

November 2012



Front Seat Detection Processing Steps

*Raw Captured Infrared Image

«Xerox Automatic Windshield Detection

-_ < N - .2

Tt .

«Xerox Automatic Image Enhancement
*Cropped Windshield Sub-Image

*Front Passenger Side Crop
«Xerox Automatic Passenger Detection



Sample Side View Image

¢ image_00100.tif (33.3%)
235261728 pixels; 16-bit, 7.8MB
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Pilot Side View Detection Performance

Correctly Detected Occupants :

Statistics:

*Detection Accuracy: 94.3%




Summary: Vehicle Occupancy Detection
Public Roadway Testing

City Road Intersection
November 12-27, 2012

2 Camera System: (1) Front Seat viewing Camera, (2) Rear Seat viewing Camera

Front Seat:

39,000 Images Captured, 24hrs/day

Image Quality for Human Review on >99% of Images
Automatic Front Seat Passenger Detection Accuracy: 97.6%

Rear Seat:

>3900 Image Captured, daytime only

Acceptable Image Quality for Human Review on >90% of Images

Automatic Rear Seat Passenger Detection Accuracy: 94.3% for >1300 Images



Driver Cell Phone Usage & Seat Belt
Usage can also be Observed in Images




Current Status and Limitation of
Vehicle Occupancy Detection
System

Aug 26, 2016

Changmo Kim, Ph.D.
Advanced Transportation and Infrastructure
Research Center

University of California, Davis



Express Lane & HOV Violation Rate in U.S.

e Utah — 20 percent (Utah DOT, 2015)
e California — 15 percent (SANDAG, 2015)

HOV Enforcement in U.S.

e Operation Agency Officers and Police Patrols

* Visual (Eyeball) Observation (California, Utah, Texas, etc.)
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HOV Enforcement in Korea

 Under-covered Patrol Cars and Aircrafts
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HOV Enforcement in China
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Public Perception

POLLS

POLLSHOME | 2015 | APRIL

Do you approve of using cameras to catch carpool violators?

29% No

70% Yes

Total votes: 2217
Related story: New camera may catch carpool violators

Share: 1 W &

o=t D T O T http://www.sandiegouniontribune.com/




Technology Trends (1)

Michael Hacskaylo, 1985

Automatic detection of a |

human body utilizes the TLLUMINATED OBJECT 7]3”“/““ W;“ER O Rrcom
CIRCUIT

near-infrared reflection - Coall o e~ s

bands of the skin of the

human body as the [ ] seunm _
Identlfylng Slgnature_ qn[liel]w 115 H 116 . 117 b 118

/13 DETE/CTOR AMPLIFIER
\ GllOI]llI[]llZ'_"‘ 1135

IR BADIATION

SWITCH DEVICE

TLLUMINATOR

US Patent US4500784 A, 1985




Technology Trends (2)

Passenger Detection for HOV Lanes

With many states introducing high occupancy vehicle (HOV)

lanes on congested highways, there is much interest in counting

the number of occupants within a vehicle, both for statistical

reasons, and so a fee can be charged to singly occupied vehicles - 3

14
using the lane. Gathering statistics manually puts a huge strain _OE NK [é
. 11,12

—

on the resources of the transport authority. Visible cameras are 77"
fast and have high resolution, but do not work with tinted (/

windows or at night, infrared cameras do not have these @ﬁj
problems.

Feature of the Near Infrared Human Detection System ;345 h="7m

» Automatic occupant counting system for HOV lanes. e v=65mpn

* Uses near-IR emitted due to body heat, constant in all —
humans under almost all conditions. - d=Hm

* The near-IR cameras work with tinted windows and at night.

Honeywell International Inc., 1999
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Technology Trends (3)

High Occupancy Vehicle Detection

Alberto J. Pérez-Jiménez, Jose Luis Guardiola, and Juan Carlos Pérez-Cortés

Instituto Tecnolégico de Informatica*
Universidad Politécnica de Valencia
Camino de Vera s/n, 46022 Valencia, Spain
aperez@disca.upv.es, joguagar@iti.upv.es, jcperez@disca.upv.es

FACE k-NN ACI
DETECTOR FILTER FILTER

e 89.60% for frontal passengers.
L  Manually indicated area of interest

LEFT INFO
—P SAFETY [P GROUPING MIXING ° (WII’]dShIEld)

DETEGTOR . . .
T * Used images in the visual range.
RIGHT
“—»  saFeTy P GROUPING PC:ISL'TTE'(;N
DETECTOR

N. da Vitora Lobo et al. (Eds.): SSPR&SPR 2008, LNCS 5342, pp. 782—-789, 2008. )
R EERRRRRRRRENSRSEBREESBBRRWEETZT[IEWD———————



Technology Trends (4)

-

Front Seat Front Seat
Illuminator Image
Camera
Trigger/
Sensor
Rear Seat
Rear Seat Image
[lluminator Camera
Baseline Configuration
Existing License Plate
Roadway Cameraand
Trigger/Sensors Illuminator
Optional Use Optional

Video Image
—= Processor

Power, Data Storage

and Communications
Support

License Plate
Recognition
System

Optional

Xerox® Vehicle Passenger Detection System: Block Diagram




Technology Trends (5)

IEEE TRANSACTIONS ON INTELLIGENT TRANSPORTATION SYSTEMS, VOL. 17. NO. 2, FEBRUARY 2016 305

Passenger Compartment Violation Detection in
HOV/HOT Lanes

Yusuf Artan, Member, IEEE, Orhan Bulan, Member, IEEE, Robert P. Loce, Senior Member, IEEE, and
Peter Paul, Member, IEEE

Front View NIR
Camera System

&

Side View NIR
Side View Camera System

Camera .
Trigger

36ft.l
I

24 ft.
A4
Front View
Camera
Trigger
' HOV/HOT
Direction of Lane
Traffic Flow

IEEE TRANSACTIONS ON INTELLIGENT TRANSPORTATION SYSTEMS, VOL. 17, NO. 2, FEBRUARY 2016 10




Technology Trends (6)

Front Seat Occupancy,

Front View Windshield Driver Cell Phone Usage,

Image Detection and Seat Belt Violation

Detection
Passenger Compartment
Violation Detection
Side View Rear Side Rear Seat
g . >
Image Window Detection Occupancy Detection

IEEE TRANSACTIONS ON INTELLIGENT TRANSPORTATION SYSTEMS, VOL. 17, NO. 2, FEBRUARY 2016 11




Technology Trends (7)
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Fig. 11. Comparison of ROC graphs for FV, BoW and VLAD feature descrip-
tors and DPM-based face detection for front seat occupancy detection.

IEEE TRANSACTIONS ON INTELLIGENT TRANSPORTATION SYSTEMS, VOL. 17, NO. 2, FEBRUARY 2016

IEEE TRANSACTIONS ON INTELLIGENT TRANSPORTATION SYSTEMS, VOL. 17, NO. 2. FEBRUARY 2016
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Fig. 12. Comparison of ROC graphs for FV, BoW and VLAD feature descrip-
tors and DPM-based face detection for side window occupancy detection.
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Technology Trends (8)
Fisher Vectors Approach

* FV becomes a standard for the aggregation part and is proposed to
incorporate generative models into discriminative classifiers.

Let «v;(1) be the assignment of the descriptor x; to the
th gaussian:

wipi(xe|6)
K
Zj:l Wip; (4 |9)

Let gf{ denotes the d-dimensional gradient with respect to
the mean y; of Gaussian 2. Assuming that the x;’s are gen-
erated independently by p(X|#), we obtain Eq. (8) after
mathematical derivations:

a;(t) = (7)

Ty — ;”fz
81‘ T\/LT Z Gt (8)

The final vector gf, is the concatenation of the g,’f vectors
for i = {1.K} and is K x d dimensional. Experiments
have been performed for values ranging from X' = 32 to
K =512,

IEEE TRANSACTIONS ON INTELLIGENT TRANSPORTATION SYSTEMS, VOL. 17, NO. 2, FEBRUARY 2016 13
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Technology Trends (9)

Fisher Vectors Approach

500 —_ - ~
) <500 {\/ START J
S0 * g
$508 M ACOUIRING AN IMAGE
N INCLUDING A VEHICLE {
‘DEFINING A PASSENGER ¥ 04 AQUIRING A
SIDE AND & DRIVER LOCATING A WINDSHIELD REGION OF |+ THRESHOLD
© SIDEWITHIN THE *THE VEHICLE IN THE CAPTURED IMAGE PARAMETER
 WINDSRIELD REGION | T 7
»
S50 o ¥ | DEVERMINING DISTANCE
L EXTRACTING AT LEAST THE PASSENGER BETWEEN KERNEL
= SIDE OF THE WiNDSHIELD REGION TRANSFURMED IMAGE
FROM THE IMAGE REPRESENTAFION
P ¥ AND 5 HYPERPLANE
‘ COMPUTING & DESCRIPTOR FOR BOUNDARY
© ANALYZING A CABIN REGION OF THE R
VEHICLE USING PIXELS OF THE IMAGE 7 S5
" DOES
e _‘_._____Y_ES/ DISTANCE MEET A
5518 THRESHOLD?
o APPLYING THE DESCRIPTOR
T0 A CLASSIFER o
52 M
N

5526
\

- [
PROCESSING iMAGE TO
DETERMINE WHETHER
VEHICLE 1A A VIOLATOR

(R NOH-VIOLATOR

IS THE ™

CLASSIFYING THE IMAGE INTG A RESPECTIVE CLASS |

5522 \
s THE

 MAGE CLASSIFIED ™-._ND

A5 A CARIDATE
2 YIGLATOR?

YES

S530

i
CLaSSIFED Gt I GENERATING EVIDENCE PACKAGE
AVIALATOR! 1 \
e
/
Ss28
 [outrumnG THe
S04 CLASSIFICATION
I
ﬁj_

Patent No. US 8,824,742 B2

 114~,  TRAINING DEVICE

100
WEWORY 6 L v
CLASSIFICATION
GENERATION MODULE j 1 -
ACCURACY PROCESSOR}— 10 e
- | DETERMINATION MODULE . 12 [ 7
5 .3 / (LASSIFIER |
INPUT (BUSE . )[QJ.I?.@T"‘“?DESCRM{}R | (LASSIFICATIONS |
B - ,,
L 178
| N 136 T DETERMINATION DEVICE | 106
CTRANING | bl IMAGE LOCALIZATION DFE J
| (SAMPLE) | | TESTIMAGES] |, HODULE
iﬁ’tﬁGES BT G REPRESENTATION f,m "
122 M perermmanon mopue || TOROES0R i
|7 CLASSIFIcATION. | &l
130 155 6 MODULE
- &
IMAGE | ~rupvriprn ¥ ¥y
CAPTURE @gﬁ;{;ﬁ?,\ I—
DEVICE LEMARLIURIA | )FJ ]52\
d 148 |
E.FEEE?‘.F?’.?I?E‘}“T% CLASSIFICATIONS |

' EUIDENCE
(KAGE |

Iy

|

1o~ USERDEVICE




I-15 Myramar in San Diego, 2015

New camera spies carpool cheaters on interstate 15 - 02:04 New camera spies carpool cheaters on Interstate 15 - 02:04

5:32 57° weoas

[ Neh68aE http://www.cbs8.com/clip/11373755/new-camera-spies-carpool-cheaters-on-interstate-15



Limitation of the Current Technologies

* Focused on front seated passengers — not yet
applicable for second seats and further seats

* Mass computation and high cost

e Official validation & assessment result for the latest
test (2015) is not released

* Accuracy issue

* Data communication issue

* Privacy

* Public controversial

* Manufacturer’s claim vs. agency’s evaluation

16
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Limitation of the Current Technologies

*UC Berkeley,  pnd we Learned That ...
2012.

« |Overall, there is no discernible patterns to evaluate
the statistical significant effect of individual variables
(speed, vehicle type, occupant type, etc.) due to the
low level of performance.

« Occlusion is an obvious factor for technology types
that are based on image processing, as can be seen in
the relatively low pass rate for second-row occupants
on driver side versus middle and passenger-side
occupants.

CLLIF oM N
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Limitation of the Current Technologies

* UC Berkeley, Will We Ever Get There?
2012.

« External detection methods have limitations in
accuracy, but high enough accuracy, coupled with
deterrence effects, may be sufficient.

« Despite the availability of in-vehicle sensing and the
proposal of “"connected vehicles concept”, near-term
deployment is unlikely.

« Cost-effectiveness from the perspective of system-
wide implementation is very challenging.
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