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Advice from Dr. Alexei A. Maradudin

D«

0C
du
Sit
co
se
W
1t )

“...the duration of the amber cycle, and your
suggestions for correcting them, are based on
simple physics principles and on the careful
observations you have carried out. As a
consequence, 1t 1s difficult to argue against

P—

them without violating physics.”

Best regards,
Alex

y,

C



Timeline of the State of the Art

Driver-vehicle
behaviors

Solution
Zone

Dilemma
Zone

ITE’s
Single Point Stop or Go
Solution

Gazis, Herman & Maradudin
Solved Dilemma Zone

ITE uses GHM'’s Single Point Solution Jarlstrom Extends Single Point Solution to a Zone

1960 1965 2015




ITE’s Minimum Permissive Yellow Model

Velocity
A

tPR

Area = traveled distance
Xc =V Yp

GHM’s critical distance
2
(Z0)

Xc = Vg tPR +
zamax

Set the two distances equal
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ITE’s Minimum Permissive Yellow Model

Velocity
A

Less traveled distance

tPR

Area = traveled distance
Xc =V Yp

GHM’s critical distance
2
(Z0)

Xc = Vg tPR +
Zamax

Exceeding a

max

Set the two distances equal

Vs

vo‘szvo'tpR‘l'za
max

Solve for Y, (Divide by v,)
Vo

Yp — tPR+

2 amax




ITE's ZERO Tolerance Solution - Problem

Stopping
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Universal Graph Solution

Minimum Yellow Change Interval and Vehicle Motion Graph

Y
Mats Jarlstrom  Beaverton, Oregon, USA « March 3, 2016 « Rev. A
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dr = Legal definition of vehicle entry

dce = Legal definition of vehicle
clearance and exit distance

=V, yields GHM’s original solution)




Sir Isaac Newton’s Laws of Motion States:

First law : Second law:

"A body at rest will remain "The force acting on an
at rest, and a body In object is equal to the

motion will remain in mass of that object
motion unless it is acted times its acceleration.”
upon by an external

force."

ITE's incorrect uphill grade implementation



A Simplified Grade Solution

Gravity, G . .
+1% approximation error

] for grades, g = +14.25%

Grade, g
.

Rise, z

Run, x

@'5 Volvo S60 rendering used with permission from Volvo Cars



Vehicle Dynamics — VBOX Live Demo

GPS Antenna and Video

Cameras Q1, Q2 and Q4
Location

Programmable

Quad Camera Views:
Traffic Signal Overlay

Q1: Left - Q2: Right
Q3: Pedals - Q4: Down

Instantaneous Q4 Camera View:
Vehicle Velocity System Timing Reference
(Uncompensated)

and Distance Calibration.

Live STOP, GO and RIGHT TURN demo video (.avi) and data (.vbo) files:
http://www.jarlstrom.com/ite/VBOX Live Demo.zip (27 MB)

Free RACELOGIC analysis software, Circuit Tools (ver. 2):
https://www.vboxmotorsport.co.uk/index.php/us/customer-area/software




Problems with ITE's Recommended Practice

B /cro tolerance model creates driver dilemmas

s \odel does not apply to turning maneuvers

Bl The “permissive” entry dilemma -

Incorrect 1982 grade implementation

Conclusion: ITE’s RP needs to be revised




Questions

This Photo by Unknown Author is licensed under CC BY-NC



Disclaimer

Redistribution and use in source (original document form) and 'compiled‘ forms (converted to PDF, epub, HTML and other
formats) with or without modification, are permitted provided that the following conditions are met:

Redistributions of source code (original document form) must retain the above copyright notice, this list of conditions and
the following disclaimer as the firstlines of this file unmodified.

Redistributions in compiled form (transformed to other DTDs, converted to PDF, epub, HTML and other formats) must
reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other
materials provided with the distribution.

THIS DOCUMENTATION IS PROVIDED BY MATS JARLSTROM "AS IS" AND ANY EXPRESS OR IMPLIED
WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR'A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL MATS JARLSTROM BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING,
BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES: LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT
OF THE USE OF THIS DOCUMENTATION, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Copyright (c) 2019, Mats Jarlstrom. All rights reserved.
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Vehicle Dynamics — VBOX Live Demo

GPS Antenna and Video

Cameras Q1, Q2 and Q4
Location

Programmable

Quad Camera Views:
Traffic Signal Overlay

Q1: Left - Q2: Right
Q3: Pedals - Q4: Down

Instantaneous Q4 Camera View:
Vehicle Velocity System Timing Reference
(Uncompensated)

and Distance Calibration.

Live STOP, GO and RIGHT TURN demo video (.avi) and data (.vbo) files:
http://www.jarlstrom.com/ite/VBOX Live Demo.zip (27 MB)

Free RACELOGIC analysis software, Circuit Tools (ver. 2):
https://www.vboxmotorsport.co.uk/index.php/us/customer-area/software

The following 10 pages show screen captures from the above files. ;



DISTANCE — Yellow Onset: STOP

= Fo Circuit Tools - &
EN - Session Graph Video Track -G Plot Data ©
3RT HPMS RT. X 2GOHPMS.RT.  1STOP.HPMS_. =T z
Show Lap Time

[#] | Ml|wnole Session| 05 20|

Approach Speed:

30m

ph

Yellow Duration:
3.2 s (ITE)

Critical Distance:
140.8 ft

SRTSIE

gi:i2vasn

ts A Dl %6 2%

Current

Channel

1STOP_HPMS_R1 2G0_HPMS_RT17 3RT_HPMS_RT170]

(Current) Whole Session Whole Session Whole Session
Speed (mpn) 3047 30.15 29.97

LatAce (ftis™) +0.492 -0.317
LongAcc (ft/s™) +0.525 +0.873
Combined G (ft/s¥)|1.078 0.945

Delta-T (s) 0.00 0.00

Sals = 8

UTC Time (s) 01:12:43.33 01:08:58.79

Latitude

45°28.137533 N

Longitude 122749158950 W
Heading (1) 358 32
Heignt () 196 52
Vertical vel (mph) 0.08
Distance (fi) 2574
—| |Elapsed time (s) D.59
[C] |daps statu -
] [Voltage_1 (V) 0.018

Critical distance: 140.8 ft
A

[ 10 20 30 40 50 50 70 80 50 100 110 120 130 140 150 160 170 180 190 200 210 220 230
Distance (ft)
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DISTANCE — Yellow Onset: GO

= Fo Circuit Tools
“ Home Session Graph Video Track G-G Plot
3RT_HPMS.RT. 2GO_HPMS RT..  1STOP_HPMS_...
Show Lap Time

[#] | Ml|wnole Session| 05 20|

Approach Speed:
30 mph

Yellow Duration:
3.2 s (ITE)

Critical Distance:
140.8 ft

ts A Dl %6 2%

Current

Channel 1STOP_HPMS_RT 2G0_HPMS_RT17 3RT_HPMS_RT170|
(Current) Whole Session Whole Session Whole Session
Speed (mpn) 063 30.53 3009
LatAce (ftis™) -0.077 -0.232 -0.730
LongAce (/s7)  |=1.062 R
Combined G (fis¥){1.091 1.332
Delta-T (s) 0.00
Sals 8
UTC Time (s) 01:08:58.96
Latitude 45°28.138798 N
Longitude 122749158970 W
Heading (7) 359 59
Height (1) 196 63
Vertical vel (mph) |0 0.12
Distance (fl) 3342

—| |Elapsed time (s) 0.76

[C] |daps statu -

] [Voltage_1 (V) 0.018

e
gl

SRTSIE

8.50

gi:oes

Critical distance: 140.8 ft
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DISTANCE — Yellow Onset: RIGHT TURN

= Fo Circuit Tools - &
“ Home Session Graph Video Track G-G Plot Data @
3RT HPMS RT. X 2GOHPMS.RT.  1STOP.HPMS_. =T z

Show Lap Time

[#] | Ml|wnole Session| 05 20|

Approach Speed:
30 mph

Yellow Duration:
3.2 s (ITE)

SRTSIE

Critical Distance: Ol HES
140.8 ft

A D 088 &% current

Channel 1STOP_HPMS_RT 2G0_HPMS_RT17 3RT_HPMS_RT170|
(Current) Whole Session Whole Session Whole Session
Speed (mpn) 3073 30.64 3021
LatAce (fs?) 0419 0.708
LongAcc (ft/s™) +1.371
Combined G (ftis¥)|1. 1.550
Delta-T (s) 0.00
Sals 8
UTC Time (s) 01:08:50.07
Latitude 45°25.139573 N
Longitude 122749158970 W
Heading (*) 35373
Height (1) 196 65
\ertical vel (mph) |0 0.12
Distance (fi) 38.13
—| |Elapsed time (s) 0.37
[C] |daps statu -
] [Voltage_1 (V) 0.018 C o A .
ritical distance: 140.8 ft

A

[ 10 20 30 40 50 50 70 80 50 100 110 120 130 140 150 160 170 180 190 200 210 220 230
Distance (ft)




DISTANCE — Stop Bar: ALL (Reference

= Fo Circuit Tools

“ Home Session Graph Video Track G-G Plot Data

3RT HPMS RT., X 2GOHPMS.RT.  1STOP.HPMS. QOOC[a -

Show Lap Time
| nole Session|05.20| .

Approach Speed: W
30 mph = ‘T "

Yellow Duration:
3.2 s (ITE)

Critical Distance:
140.8 ft DD Bd

A D 088 &% current

Show Channel 1STOP_HPMS_R1 2G0_HPMS_RT17 3RT_HPMS_RT170
(Current) Whole Sessicn Whole Session Whole Session
[¥] |speed (mpn) 0.04 15.20
] [LatAce (us?) [+0.022 5.029
7] |LongAcc (f/s%) -1.92 -0.782
[C] |Combined G (f/s”)|1.925 11.492
] |DeltaTis) 0.00
[ |sats [}
0] |UTC Time (s) 01:09:02.67
[C] |Latitude 45728161517 N
[T] |Longitude 122749158818 W
Heading (1) 547

] |Height iy 196.82

T |Vertical vel (mpn) 0.05

] |Distance (ff) 173.84

~| |Elapsed time (s) 447

] |ogps statu - -

| |Voltage_1 (V) 4 265 1.001 C agn . .

ritical distance: 140.8 ft
0 £
[ 10 20 30 40 50 50 70 80 50 100 110 120 130 140 150 160 170 180 190 200 210 220 230

Distance (ft)




TIME — Yellow Onset: STOP

<7} e

“ Home Session Graph Video Track G-G Plot Data

Circuit Tools

3RT_HPMSRT.. X 2GOHPMSRT.  1STOP.HPMS...

Show Lap Time

[#] | Ml|wnole Session| 05 20|

Approach Speed:
30 mph

Yellow Duration:
3.2 s (ITE)

Critical Distance:
140.8 ft

= A AN b 8. A% Current

Show Channel 1STOP_HPMS R1 2GO_HPMS RT17 3RT HPMS RT170
(Current) Whole Session Whole Session Whole Session
[¥] |speed (mpn) 30.43 30.15 29.97
[T |LatAce (fis?) 0 -0.353
7] |LongAcc (f/s%) +0. 004
[T] |Combined G (ftis?) 0.978
] |DeltaTis) 0.00 0.00
[ |sats e [}
] |UTE Time (s) 01:12:43.39 z 01:08:58.79
] |Latitude 45728137537 N [45°28.13736T N [45°28.137578 N
[T] |Longitude 122740 159080 W [122°40 158870 W |122°49. 158859 W
7] |Heading () 359.79 35833
] |Height () 19498 196 52
T |Vertical vel (mpn) 0.02
] |Distance (ff) 26.01
] |Elapsed time (s) 059
] |daps statu -
] [Voltage_1 (V) 0.018
| [

000C[x i

3.2 s Yellow

STO

RIL

Time (s)

I

32

20



TIME — Yellow Onset;: GO

= Fo Circuit Tools

[ re I N

G-G Plot Data

0oo0C[ -

3RT_HPMS RT. 2GO_HPMSRT..  1STOP_HPMS_..

Show Lap Time

[#] | Ml|wnole Session| 05 20|

Approach Speed:
30 mph

Yellow Duration:
3.2 s (ITE)

Critical Distance:
140.8 ft

Wit

0i:0B:Sa90

Time (s)

A N 08 8 & Current
Show Channel 1STOP_HPMS_RT 2G0_HPMS_RT17 3RT_HPMS_RT170|
(Current) Whole Session Whole Session Whole Session
[9] |speed (mpn) 30.64 3054 30.09
] [uatace (s 0250 -0.739
] |LongAcc (R/s%)  |+1.059 <2034 +1.120
[C] |Combined G (f/s”)|1.092 2.108 1.344
] |DeltaTis) 0.00 ) 0.00
[ |sats e [}
] |UTE Time (s) 01:12:43.56 01:08:58.96
(0] |Latitude 45°28.138785 N 45728138812 N
[T] |Longitude 122749 155086 W 122749158970 W
[=] |Heading () 358.71 35050
] |Height iy 195.01 196,63
] |Vertical vel (mph) [0.00 0.12
] |Distance (ff) 34.07 33.50
| |Elapseatime(s) [o76 076 3 2 S Ye | I OW
[C] |daps statu 0.000 - -
| |Voltage_1 (V) 4 265 870 0.018 STOM 1
GO ]
4 RYI ]
[ 1 2 3 4 7 8 10 11 12

21



TIME — Yellow Onset: RIGHT TURN

= o8

“ Home Session Graph Video Track G-G Plot

Data

Circuit Tools

3RT_HPMS.RT. 2GO_HPMSRT..  15TOP_HPMS..
Show Lap Time
[#] | Ml|wnole Session| 05 20|

Approach Speed:
30 mph

Yellow Duration:
3.2 s (ITE)

Critical Distance:
140.8 ft

A D 088 &% current

Show Channel 1STOP_HPMS R1 2GO_HPMS RT17 3RT HPMS RT170
(Current) Whole Session Whole Session Whole Session
[¥] |speed (mpn) 3075 3023
] [LatAce (us?) 35 0672
[F] |LongAcc (t/s%)  |+1.018 +1.2387
[T] |Combined G (ftis®)[1.028 1.546
] |DeltaTis) 0.00 0.00
[ |sats e [}
] |UTE Time (s) 01:12:4383 01:08:50.08
(0] |Latitude 45°28.139650 N 45°28.139662 N
[T] |Longitude 9159080 W 122749158970 W
| |Reading () 359 88 35874
] |Height(m) 197 19665
] |Vertical vel (mph) 0.12
] |Distance (ff) 38.67
| |Elapsed time (s) 088
] |daps statu - -
| |Voltage 1(v)  |4485 4 265 0.018
| [

& SRTSIE

T
Oii2MB.E0

Yellow Onset

3.2 s Yellow \

Time (s)

STOHM ] - R
Gor | ‘
R Ii |
: 2 3 - s 6 7 8 10 i1 12

22



TIME — Stop Bar: GO

Circuit Tools

QOCC[ -u

E e~
“ Home Session Graph Video Track G-G Plot Data
3RT_HPMS.RT. 2GO_HPMS RT..  1STOP_HPMS_...
Show Lap Time

[#] | Ml|wnole Session| 05 20|

Approach Speed:
30 mph

Yellow Duration:
3.2 s (ITE)

Critical Distance:
140.8 ft

A N 08 8 & Current
Channel 1STOP_HPMS_RT 2G0_HPMS_RT17 3RT_HPMS_RT170|
(Current) Whole Session Whole Session Whole Session
Speed (mpn) 1554 19.46
LatAce (ftis™) 0703 -1.203
LongAcc (ft/s™) -11.300 -0.827
Combined G (ftis®)[11.334 9.901
Delta-T (s) 0.00 0.00
Sals = 8
UTC Time (s) 01:12:51.63 01:09:02.03
| |Latitude 45°28.157935 N 45°28.158949 N
| |Longitude 122749 159137 W 122749158003 W
| |Feading () 237 85 0.42
] |Height () 19547 196 85
| |Vertical vel (mph) [0.02 -0.01
| |Distance (1) 149,65 17267 157.55
| |Elapsedtime(s) [3.83 3.83 383
[C] |daps statu 0.000 - -
| |Voltage_1 (V) 3597 4 265 4465

3.2 s Yellow
STOM
GO
4 RTI g

Time (s)
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TIME — Stop Bar: RIGHT TURN

] B Circuit Tools -
EN - Session Graph Video Track -G Plot Data

3RT_HPMS RT.. X 2GOHPMSRT.  1STOP.HPMS... Q0O0C[x -

Show Lap Time

[#] | Ml|wnole Session| 05 20| .

Approach Speed: | " ey !
30 mph 4 o v e Y

N
i
v

Yellow Duration: ‘ ' =
3.2 s (ITE) .

Critical Distance:
140.8 ft

A N 08 8 & Current
Channel 18TOP_HPMS_R1 2GO_HPMS_RT17 3RT_HPWS_RT170|
(Current) Whole Session Whole Session
Speed (mpn) 1031 1498
LatAce (fs?) 5,346
LongAcc (ft/s™) -1 9 -0.783
Combined G (ft/s¥){11.581 11.676
Delta-T (s) 0.00 0.00
Sals = 8
UTC Time (s) 01:12:52.31 01:09:02.71
| |Latitude |45°28.160092 N 45°28.161652 N
| |Longitude 122°49. 159108 W 122749158780 W
| [Heading () ) 731 16
T |Height () 195.47 196,82
T |Vertical vel (mpn) [0.01 0.05
| |Distance (1) 162.50 17469
~ [Ewpsectime s [e50 451 3.2 s Yellow
[C] |dgps statu =
] [Voltage_1 (V) 1.001 STOM
GOI[
o) RTI
o

Time (s)

24



TIME — Stop Bar: STOP

] B Circuit Tools -
EN - Session Graph Video Track -G Plot Data
3RT_HPMS RT.. X 2GOHPMSRT.  1STOP.HPMS... Q0O0C[x -
Show Lap Time

[#] | Ml|wnole Session| 05 20| .

Approach Speed: 7 | T
30 mph L T . & -

Yellow Duration: ' =9 - — =
3.2 s (ITE)

Critical Distance:
140.8 ft

AN M 8 8 A% Current

Channel 1STOP_HPMS_RT 2G0_HPMS_RT17 3RT_HPMS_RT170|
(Current) Whole Session Whole Session Whole Session
Speed (mpn) 0.00 B 10.27
LatAce (ftis™) +0.017 - -8.186
LongAcc (ft/s™) -1.240 - +1723
Combined G (ft/s¥)[1.849 - 8.367
Delta-T (s) 0.00 - 0.00
Sals = - 8
UTC Time (s) - 01:09:04.70
| |Latitude - 45°28.165110N
| |Longitude - 122749153985 W
| |Feading () ) - 3076
] |Height () 19554 - 19685
| |Vertical vel (mph) [0.02 - 0.07
] |Distance (ff) 173.84 B 207.30
| |Elapsedtime(s) [6.50 - 6.50 3 2 S Ye"ow
] |daps statu - -
T [Voltage_1 (V) B 1.001 STOM 1

GOI[ ]
Rl |

Time (s)




ITE’s incorrect uphill grade implementation

Sir Isaac Newton’s first law of motion states:
"A body at rest will remain at rest, and a body in motion will remain in motion unless
it is acted upon by an external force."

Hence, an occupant of a vehicle moving at constant velocity in any spatial direction
1s not acted upon by an external force.

Sir Isaac Newton’s second law of motion states:
"The force acting on an object is equal to the mass of that object times its
acceleration.”

Thus, an occupant of a vehicle will only experience an external force acted upon
them if the vehicle is changing its motion in any spatial direction. The source to the
change of vehicle motion can be from one or a combination of Earth’s gravity on a
grade or the vehicle’s motor or its braking system or its steering mechanism.



