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I-210 West on July 15, 2009: speed contours
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I-210 West on July 15, 2009: assumptions
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» Measure during 4AM-6AM

» Forecast 6AM-8AM, with +/- 2% demand uncertainty



Forecast of speed
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Predicted impact of ALINEA: 6-8§ AM
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Forecast of speed under ALINEA
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Scenario: accident near Baldwin
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» 6.15 AM: freeway capacity is reduced by 50°/<;
» 6.30 AM: road cleared, capacity is back to normal

Worst case
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Strategy 1: ALINEA
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Strategy 2: ALINEA + VSL control
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Strategy 3: ALINEA + VMS control
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Strategy 4: ALINEA + metering at I-605 N
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Outline

» What is ATM?
» Database support for ATM

» Detection infrastructure

» Theory: the Cell Transmission Model (CTM)
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What is PeMS?

» PeMS archives freeway
data and incident
reports since 2000 from

- 22,000 sensors

- 50 Billon
samples/year

- 10TB of data

- Now extended to
urban streets, transit

» Processes data in real-
time for performance
measurement
calculations

» All data online,
accessed via browser

) PeMs 6.2: State
File Edit View Go
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Technical Info for WARS

Systern Adrministration
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DRAW PLOT | EEE VIEW TRELE
2004 2005 O %0 of
[ooo's) [(000's)| Change Total
weekday AM Peak [(6:00am to 10:00am) 14,265,539,29 14,700,3324,96¢ .05 16,71
weekday PM Pezak [3:00pm to 7:00pm) 15,267,124, 26 15,999,626,.04 4,12 iz.19
Total Weekday Pealk 29,632,663.55 30,699,971.00 360 34,30
weekday Offpeak - Day (10:00am to 3:00pm) 17,006,417.72 17,533,491.55 .10 19,93
weakday Offpeak - Might (F:00pm to &:00am]) 16,204,522.39 16,8432,131.70 3,94 19.15
Total Weekday Offpeak 33,210,940,11 34,376,623, 25 3.51 39,08
Saturday 11,666,844,0Z2 12,296,819,29 5,40 1z.92
Sunday 10,199,342,98 10,596,998,98 3,90 12,05
Total Weekend 21,866,187.00 22,893,818.37 4,70 26,02
Total 84,709,790.66 87,970,412.62 3,85 100.00

This is a cooperative effort between UC Berkeley, PATH and Caltrans and iz subject to our Terms of Use,

Powered by BTS.




Real time dashboard

» Caltrans D11
» Snhapshot at current time

» Top: Performance
measures

- Measured until now
- Historical bounds
- Predicted for rest of day.

w2 My Y ahoo!

HOME

» Middle: Causes of
congestion

- Major bottlenecks
- List of incidents from
CHP

» Bottom: Mobility analysis

Historical travel time

Latest available trave
time

Difference
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Links I-5 Mid-Coast - Southbound 10.6 10.4 10.5 +1.1  15:25
I e I-5 Marth Coast(1] - Morthbaund 2.1 11.7 16.6 +41.8 15120
I-5 Morth Coast(l) - Southbound S.1 8.2 8.9 +8.9  15:30
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This is a cooperative effort between UGS Berkeley, PATH and Caltrans and is subject o our Termns of Use.
Powered by BTS,
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» What is ATM?
» Database support for ATM

» Detection infrastructure

» Theory: the Cell Transmission Model (CTM)
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Traffic Sensing Infrastructure

1 ©
. —=oczcce---dm | [ B
“ 1
" 1]
| 1]
1 1] 1 ole|lo|o]e]|e]e
I 1l e|le|e|e]e|e]e
| °°l
" 1]
" 1]
1]
| TH R EEEEREAE
| 1
1 -
| I Jole
I o 1|1 ol ele]elele]e
— _— ojloj|joeojoejoeo]jeo|©O
1
- 2 [°]
s 1
11 QD Jo || sasus oloelolo]le]le]e
11 m 1 elele|e]|e|e]e
I o0 [o]!
X g8 ||
11 > 0
11 "m-m o““ _H_ooooooo
11 ) )
—— PE ._— oejJoej|o eje
11 o !
11 !
11 o ]! elelele]|e|e]e
11 11 oleloe|oe|e|e]|e
11 o M| !
Il M
11 M
1|
! | @
1] ()]
11 c
11 J S r
I Hy ! X3
11 ! c 3
11 T ao
11 1!
11 N
{1
Ll 1
= | 11 !
=3 I L
Ol 11
=N BIEE B E I S .._u,lu ||||||| \m\\hdlolll
S ——— IIIIIIIIII . _—_———— ——. \\\
% N BN it B ommn_ﬂul\oo\l ||||||||||
' B 1 ol 2>
m e B *o - -...JL_.U
clii] 1
_ 1111 n |
e N = I
_H_._._“ 7 °r
1 (=
.—.—.— e I
N 7)) I
I
I
|
|

B -

19



In-Pavement Wireless Vehicle Sensor

e Ultra-low power wireless
communications protocol

» Accurate 3-axis
magnetometers

* Self-calibrating, self-tuning

* Unique network address for
each sensor

* Downloadable firmware

* Installed in minutes

*10 year battery
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Chula Vista installation (San Diego County)
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Outline

» What is ATM?
» Database support for ATM

» Detection infrastructure

» Theory: the Cell Transmission Model (CTM)
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Freeway structure

— 0 000 < < i e 000 +—{\ — 1% 1 <
/ \ ry (k)
si(k)  mi(k)
Freeway has N sections (cells), 0,---, N — 1

Each section has one on-ramp and off-ramp

Two boundary conditions:

(1) Upstream section has specified inflow rn (k)
(2) Downstream of section 0O is uncongested or
has specified flow
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Flow conservation within cell

. 11 (k
fi(k) o)k fig1(k)

), ri ()

ni(k+1) = ni(k)—=[fi(k)+si(k)]+[fi+1(k)+r;(k)]

Off-ramp flows are given by split-ratios:

si(k) = Bils;(B)+£; (k)] = 8;B; L f;(k). (Bs = 1—5;)
Off-ramp is uncontrained.

1 mile sections, so n; = density = # vehicles,

Flow( 22 )= speed (7€) % density(2e)

hour hour male
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Determination of inter-cell flow

fi(k)
ni—1(k) n;(k)
si(k). "]
/
F;
N . )
ni—1 ni—1 1;

fi(k) <wmn;(k)—s;(k)— demand
f;(k) < F; — capacity
fi(k) <w;—1(n; —n;—1(k)) — supply

fi(k) = min{vn;(k)—s;(k), w;—_1[n;—1—n;—1(k)], F;}
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CTM model

:fz'(k)

— 0 000 +——

7 | 000 —— y_1#— |+

MOV )

n;(k+ 1) ni(k) — fi(k)/Bi + fig1(k) +ri(k),0 <i < N —1,
fi(k) = min{Bv;n;(k),w;—1[n;—1 —ni—1(k)], F;},1 <i < N,
fo(k) = min{Bguvono(k), Fo},

ny(k+ 1) ny(k) — fn(k) +ry(k).

Suppose demand r;(k) = r;. This gives a N-
dimensional time-invariant nonlinear difference
equation. Call r = (rg,---,r)) the demand.
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Dynamics

Write dynamics as n(k+ 1) = g(n(k)).
Theorem (1) g is strictly monotone: n < n/ =

g(n) < g(n'). [xr <y means z <y,z #* y]

(2) Let n(k) be trajectory starting with empty

freeway and n(k) the trajectory starting with

jammed freeway. For any trajectory n(k)

n(k) <n(k) <n(k),k >0

(3) n(0) < n% = n(k) — n®.

(4) n(0) > n®" = n(k) — nm.

(5) Every equilibrium is stable; every trajectory
converges to some equilibrium in E(r).
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Use in prediction

Write dynamics as n(k+1) = g(n(k),d(k),C(k)).
Suppose

d_(k) < d(k) < dy(k), C_(k) < C(k) < Cy(k).
Suppose

n_(k) =g(n_(k),d—(k),Cy(k) and

ny (k) = g(ny (k), dy (k), C— (k).

Then,

n_(k) < n(k) < ng (k).



Conclusion

» Fast macroscopic models can be used in real-time
operations to support strategic decisions

» Models must be automatically calibrated

» Scores of scenarios can be run in real time to estimate
risk of events that may occur and countermeasures
selected in advance

» Without data management is blind

» Data collection must be fully automatic

» Detection system must be reliable and accurate
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