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Proposed Border Crossing Tasks
Sitespecific Study:
Ambassador and Blue Water Bridges

A Document and understand crossing time patterns

A Develop, estimate, and validate explanatory crossing
time models

A Exploit validated models for sensitivity of crossing
times to alternate scenarios
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Blue Water Bridge

A Connecting Port Huron,
Ml and Sarnia, ON

A Third largest U.S.
commercial traffic

crossing

A Publicly owned and
operated
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DocumentingCrossing Times

A License, plate survey, special equipment, manual
adzNIPSeazx X

A Time consuming and expensive

A This study: use GRSjuipped trucks asamples

A CEVA Logistics and GM
I Organizes transport of GM automotive parts (and others)
I Advancedrackingsystem
I Large volumes of trucks using the bridgestdrest



CEVA Vehicle Location and Tracking System

A Locationtime points triggered for multiple
reasons

A Annotated data (multiple fields)

Overall Data Set: 420,00@&cords JuiAug 07



CEVA Annotated Data

VEHICLEIL LAT DATESTAMP SPEED(mi STEETNANSTREETNU LANDMARI CITY S;Q;E REASON ODOMETE DELAYTIM  RSSI GEOFENCENAME GREISAFSE(;\I,\?
9451  8/1/2007 6:30 0 Hwy-401 Thames Centre ON Ignition off 58117719 13 1000
42.9451  8/1/2007 6:41 0 Hwy-401 Thames Centre ON Ignitonon 58117719 -9 1000
42.94449  8/1/2007 6:43 0 Macdonaldcartier Fwy [HWM01 THAMES CENTRE ON Ignition off 58117907 -15 1000
6 4294449 8/1/2007 7:04 0 Macdonaldcartier Fwy [HWM01 THAMES CENTRE ON Ignitionon 58117907 -8 1000
065 42.94479 8/1/2007 7:05 15.63 Hwy-401 Thames Centre ON Start 58118011 -15 1000
964 42.8305  8/1/2007 7:20 66.25 Hwy-401 Middlesex Centre ON Time Send 58141009 -15 1000
5318 42.66566  8/1/2007 7:35 66.25 Hwy-401 Dutton/Dunwich ON Time Send 58167618 -15 1000
-81.7953 42.53998  8/1/2007 7:50 65.63 Hwy-401 ChathamKent ON Time Send 58194301 195 1000
-82.062  42.3902  8/1/2007 8:06 65.63 Hwy-401 ChathamKent ON Time Send 58222222 -10 1000
-82.3474 42.28954  8/1/2007 8:21 65.63 Hwy-401 ChathamKent ON Time Send 58248554 74 1000
-82.3474 42.28954  8/1/2007 8:21 65.63 Hwy-401 ChathamKent ON Time Send 58248554 75 1000
-82.6581 42.2341  8/1/2007 8:37 63.13 Hwy-401 Lakeshore ON Time Send 58275708 79 1000
-82.9785 42.23913  8/1/2007 8:53 60 Macdonaldcartier Fwy [HWM01 WINDSOR ON Time Send 58302560 -4 1000
-83.0597 42.29041 8/1/20079:05  24.38 C:u“r:;”R g 1877 Windsor ON Crossing 58312755 52 1000 Ambassador Bridge
-83.0651 42.30224  8/1/2007 9:08 0 HW¥3 WINDSOR ON Time Send 58314273 7 1000
-83.0651 42.30224  8/1/2007 9:09 0 Hwy-3 Windsor ON Stop 58314273 -14 1000
-83.0663 42.30235 8/1/2007 9:11 16.25 Hwy-3 Windsor ON Start 58314379 -15 1000
-83.0794 42.32039  8/1/2007 9:15 7.5 Ambassador Bridge Detroit Mi Stop 58316740 -15 1000
-83.0773 42.31969 8/1/2007 9:23 0 StAnne St 983 Detroit MI Ignition off 58317609 16 1000
-83.0773 42.31969 8/1/2007 9:24 0 StAnne St 983 Detroit MI Ignitionon 58317609 -9 1000
-83.0773 42.31801  8/1/2007 9:25 15.63 F?l\r; 535 b 2790 Detroit MI Start 58317823 -15 1000
-83.0834 42.31533  8/1/2007 9:26 28.13 M-3 3778 Detroit Mi Crossing 58318430 -15 1000 Ambassador Bridge 7
-83.2321 42.20561  8/1/2007 9:40 51.88 I-75 Taylor MI Time Send 58336477 -15 1000
-83.2682 42.05344  8/1/2007 9:55 65 I-75 South Rockwood MI Time Send 58354357 -15 1000
-83.3482 41.93097 8/1/2007 10:10 3.13 Dubois Dr 1739 1.34E+08 Monroe MI Time Send 58372876 -15 1000
83.3483 41.93112 8/1/2007 10:12 0 Dubois Dr 1739 1.34E+08 Monroe MI Stop 58372892 -15 1000
.3483 41.93105 8/1/2007 10:14 0 Dubois Dr 1735 1.34E+08 Monroe MI Ignition off 58372892 -15 1000
3483 41.93105 8/1/2007 10:52 0 Dubois Dr 1735 1.34E+08 Monroe Mi Ignition on 58372892 -9 1000
83 41.93105 8/1/2007 10:53 0 Dubois Dr 1737 1.34E+08 Monroe MI Driver Log 58372892 -15 1000
41.93105 8/1/2007 10:53 0 Dubois Dr 1735 1.34E+08 Monroe Ml Ignition off 58372892 -16 1000
41.93105 8/1/2007 10:55 0 Dubois Dr 1737 1.34E+08 Monroe Ml Driver Log 58372892 -14 1000
.67856 8/1/2007 13:41 0 RR4 Mississauga ON Wakeup 1.49E+08 43 0
851 8/1/2007 23:04 0 RR4 Mississauga ON Ignitonon  1.49E+08 0
8/1/2007 23:19 16.25 Dixie Rd Mississauga ON Start 1.49E+08
8/1/2007 23:34 57.5 MacDonaldCartier Fwy Mississauga ON Time Send  1.49E+08
1/2007 23:48 13.13 Chishom D 286 Milton ON Stop 1.49E+08
007 6:57 0 Torbram Rc 7309 Mississauga ON Ignitonon  1.14E+08
7:06 16.88 Torbram Rc 7291 Mississauga ON Start 1.14E+08




CEVA Venhicle Location and Tracking System

A Geofencelocationtiming system for specific
locations (other triggers, such as time
based, as well)

A Geofence triggers in the vicinity of border
crossings
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VEHICLEII LON DATESTAMP SPEED(mi SUE ST STREE_I_I\”LANDMARI RSSI GEOFENCENAME cl=blns i
E M REASON

80404 -81.1072 42.9451  8/1/2007 6:30 0 Hwy-401 Thames Centre ON Ignition off 58117719 13 1000

80404  -81.1072 42.9451  8/1/2007 6:41 0 Hwy-401 Thames Centre ON Ignitionon 58117719 -9 1000

80404  -81.1076 42.94449 8/1/2007 6:43 0 Macdonaldcartier Fwy [HWM01 THAMES CENTRE ON Ignition off 58117907 -15 1000

80404  -81.1076 42.94449 8/1/2007 7:04 0 Macdonaldcartier Fwy [HWM01 THAMES CENTRE ON Ignition on 58117907 -8 1000

80404 -81.1065 42.94479 8/1/2007 7:05 15.63 Hwy-401 Thames Centre ON Start 58118011 -15 1000

80404  -81.2964 42.8305 8/1/2007 7:20 66.25 Hwy-401 Middlesex Centre ON Time Send 58141009 -15 1000

80404 -81.5318 42.66566 8/1/2007 7:35 66.25 Hwy-401 Dutton/Dunwich ON Time Send 58167618 -15 1000

80404  -81.7953 42.53998 8/1/2007 7:50 65.63 Hwy-401 ChathamKent ON Time Send 58194301 195 1000

80404 -82.062 42.3902  8/1/2007 8:06 65.63 Hwy-401 ChathamKent ON Time Send 58222222 -10 1000

80404  -82.3474 42.28954 8/1/2007 8:21 65.63 Hwy-401 ChathamKent ON Time Send 58248554 74 1000

80404  -82.3474 42.28954 8/1/2007 8:21 65.63 Hwy-401 ChathamKent ON Time Send 58248554 75 1000

80404 -82.6581 42.2341  8/1/2007 8:37 63.13 Hwy-401 Lakeshore ON Time Send 58275708 79 1000

80404 -82.9785 42.23913 8/1/2007 8:53 60 Macdonaldcartier Fwy [HWM01 WINDSOR ON Time Send 58302560 -4 1000

80404  -83.0597 42.29041 8/1/2007 9:05 24.38 C:ut:'rccl)'lch 1377 Windsor ON Crossing 58312755 52 1000 Ambassador Bridge in
80404  -83.0651 42.30224 8/1/2007 9:08 0 HWY¥3 WINDSOR ON Time Send 58314273 7 1000

80404 -83.0651 42.30224 8/1/2007 9:09 0 Hwy-3 Windsor ON Stop 58314273 -14 1000

80404  -83.0663 42.30235 8/1/2007 9:11 16.25 Hwy-3 Windsor ON Start 58314379 -15 1000

80404  -83.0794 42.32039 8/1/2007 9:15 7.5 Ambassador Bridge Detroit MI Stop 58316740 -15 1000

80404 -83.0773 42.31969 8/1/2007 9:23 0 St Anne Si 983 Detroit MI Ignition off 58317609 16 1000

80404 -83.0773 42.31969 8/1/2007 9:24 0 St Anne St 983 Detroit MI Ignition on 58317609 -9 1000

80404 -83.0773 42.31801 8/1/2007 9:25 15.63 Fcf&it] Y 2790 Detroit MI Start 58317823 -15 1000

80404  -83.0834 42.31533 8/1/2007 9:26 28.13 M-3 3778 Detroit Mi Crossing 58318430 -15 1000 Ambassador Bridge out
80404  -83.2321 42.20561 8/1/2007 9:40 51.88 1-75 Taylor Ml Time Send 58336477 -15 1000

80404  -83.2682 42.05344 8/1/2007 9:55 65 1-75 South Rockwood MI Time Send 58354357 -15 1000

80404 -83.3482 41.93097 8/1/2007 10:10 3.13 Dubois Dr 1739 1.34E+08 Monroe MI Time Send 58372876 -15 1000

80404  -83.3483 41.93112 8/1/2007 10:12 0 Dubois Dr 1739 1.34E+08 Monroe Ml Stop 58372892 -15 1000

80404  -83.3483 41.93105 8/1/2007 10:14 0 Dubois Dr 1735 1.34E+08 Monroe MI Ignition off 58372892 -15 1000

80404  -83.3483 41.93105 8/1/2007 10:52 0 Dubois Dr 1735 1.34E+08 Monroe Ml Ignition on 58372892 -9 1000

80404  -83.3483 41.93105 8/1/2007 10:53 0 Dubois Dr 1737 1.34E+08 Monroe MI Driver Log 58372892 -15 1000

80404  -83.3483 41.93105 8/1/2007 10:53 0 Dubois Dr 1735 1.34E+08 Monroe MI Ignition off 58372892 -16 1000

80404  -83.3483 41.93105 8/1/2007 10:55 0 Dubois Dr 1737 1.34E+08 Monroe Ml Driver Log 58372892 -14 1000

80405 -79.6835 43.67856 8/1/2007 13:41 0 RR4 Mississauga ON Wakeup  1.49E+08 43 0

80405 -79.6834 43.67851 8/1/2007 23:04 0 RR4 Mississauga ON Ignitionon  1.49E+08 38 0

80405 -79.6801 43.6793 8/1/200723:19  16.25 Dixie Rd Mississauga ON Start 1.49E+08 -13 1000

80405  -79.7878 43.60051 8/1/2007 23:34 57.5 MacDonaldCartier Fwy Mississauga ON Time Send 1.49E+08 47 1000

80405  -79.9122 43.52293 8/1/200723:48  13.13 Chishom D 286 Milton ON Stop 1.49E+08 -15 1000

80406  -79.6608 43.70086 8/1/2007 6:57 0 Torbram Rc 7309 Mississauga ON Ignitionon  1.14E+08 41 0

80406  -79.6609 43.70027 8/1/2007 7:06 16.88  Torbram Rc 7291 Mississauga ON Start 1.14E+08 -16 1000

et



CEVA Venhicle Location and Tracking System

A Geofencelocationtiming system for specific
locations (other triggers, such as time
based, as well)

A Gecfence triggers in the vicinity of border
crossings

Overall Data Set: 420,00fecords JuiAug 07
~3% of Interest to us
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Expanding Getence Coverage

A Cover customs
Inspection and toll
collection

A Cover approach
highways

A Obtain finer detail
on different
activities




Refined Gedence Specifications:
Greater Coverage
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Blue Water Bridge: Finer Detall
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Data Issues and Discoveries
(Learning curve)

Adt KFyd2yY ONRaaaAy3e
A Daily limits on data volumes

A Missing data
A X o
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Selected Empirical Results

A Times in gedenced region
A Excess times in regions

A Screenindimes

A Speed analysis




Time at BWB, Al07 Data

Median Crossing Times (

+ US Bwb 69 -94 approachZ
O US Bwb approach 1

CDN Bwb appr from 40
$ Bwb Bridge

825 -82.45 longitude -82.4 -82.35 -82.3

TimeMI-ON (min) TimeON-MI (min)
> <€
USapp2 USapp USSide CDN Side| USapp US Side CDNSide CDNapp2
(Toll) (Customs) (Customs) (Tol)
# 824 824 824 824 # 830 830 830 830
Median 1.33 1.80 1.99 3.75 Median 3.55 6.95 2.65 4.38
90th 1.52 2.00 2.52 7.18 90th 4.00 19.13 3.87 5.00
90th-50th  0.19 0.20 0.53 3.43 90th-50th  0.45 12.18 1.22 0.62




Time at AMB, Al07 Data

Time MION (min)
>
US approach US Custom CDNSide CDNapp
(Toll) (Custom$
# 1237 1237 1237 1237
Median 2.78 0.68 1.25 3.93
o0 7.85 1.00 3.88 8.23
90th-50h 5.07 0.32 2.63 4.29
Median Crossing Times (min)
= AmS RoprosaConz TimeONMI (min)
< Amb bridge
<€

4232

USCustoms CDNSide CDNapp CDNapp2
(Toll& Customs

latitude

4231

# 1569 1569 1569 1569
Median 9.15 1.28 1.13 3.82
90th 19.52 1.90 1.69 4.47

90th-50th 10.37

0.62 0.56 0.65

-83.04

longitude



Selected Empirical Results

A Times in gedenced region
A Excess times in regions

A Screenindimes

A Speed analysis




Excess Time

A Excess Time = Actual TimEree Flow Time

A Free Flow Time: Time that would be incurred if
vehicle did not need to reduce speed because of
customs inspection, toll collection, interference
GAUK UNITFTFAOZT X

A Free Flow Time = Distance / Figlew Speed
A FreeFlow Speed: From data (e.g., 85% percentile



latitude

43

ess Time at BWB, QU D

Free flow speedi/hr)

US Bwb approach 1
= CDN Bwb appr from 40
Bwb Bridge

US Bwb B9 -94 approachz

8245 |ongitude 24

823%

Excess Time MDN (min)

>

USapp2

USapp

USSide

(Toll)

CDN Side
(Customs)

# 771

802

841

839

#

-82.3

Excess Time ONII (min)

<€

USapp

US Side CDNSide
(Customs) (Tol)

CDNapp?2

841

844 844

831

Median 0.09

0.14

1.00

2.50

Median

0.66

5.91 1.41

1.02

90th 0.31

0.34

1.53

6.02

90th

1.13

18.16 2.66

1.65

90th-50th Q.22

0.19

3.52

90th-50th

0.47

12.26 1.25

0.53

0.63



xcess Time at AMB, AUJ Da

Excess TimeMI-ON (min)
flow speedsfi/hr) >
. : US approach US Custom CDNSide CDNapp
; -~ Amb CDN Side
+ Amb US approach (TO | |) (C usto m$
+ Amb US Customs
et e i i 1278 1238 982 1280
= Median 2.11 0.25 0.29 3.33
i 90th 6.49 0.59 4.02 7.59
latitude 90th-50th 4.39 0.34 3.73 4.25

231 -

Excess Time GNII (min)

<€

USCustoms CDNSide CDNapp CDNapp2
(Toll& Customs

: # 1571 1387 1570 1555
-83.07 -83.04
longitude Median 7.42 0.25 0.41 1.7
90th 17.87 0.91 0.96 2.39

90th-50th 10.44 0.66 0.54 0.69




Selected Empirical Results

A Times in gedenced region
A Excess times in regions

A Screenindimes

- A Speed analysis




eningmedian) times from A
US to CA CAN to

0.97 min 1.30 min
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