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Discretionary LC models

» Lane changes are essential in motorway simulation
e Cause disturbances

e Lane use determines capacity

e Many car-following models, few LC models

e Calibration and validation is an issue for CF

» Why not being done for LC models?

e Should we?
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Main difficulties

* Only observed lane changes

* Three requirements
* Not right in current lane
* Better in other lane
* Possibility to change lanes

e How to validate?
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Validation definitions

1)Values of parameters more or less right

2)Values of parameters equal for calibration set and validation
set

3)Good enough in real world measures
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How to calibrate

e Measure of performance
* Number of lane changes?
* Lane distributions?
* Travel times?
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Model

* Three base requirements

e 1) Desire for higher speed (binary, f 1)

» 2) Higher speed in other lane (linear with speed difference, f
2)

* 3) Availability of gap (speed dependent, f 3 )

* All need to be fulfilled, so multiply for probability

* Besides: rest probability (a )

P(lane change)=a (f,* f,* f;)+(1- )
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Probabilistic model

* Probability for a lane change given conditions

e Count the number of occasions where the model is right

e Likelihood: how likely is the observed result given the model
prediction?

e =P1xP2x..XxPn

e Optimize parameters of the model to observe likelihood (or
log-likelihood for simplicity)
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Validation definitions

o =P1 xP2x..XxPn

1)Values of parameters more or less right

2)Values of parameters equal for calibration set and validation
set

3)Good enough for purpose
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Data

On-ramp (2 lanes)

.
: "‘: Slip lane Peak hour hard shoulder running

iswouder_ _ 0 O_0 D_T 0_0 0 0_0
2viade 0 0_0 0_0 0_0 0 _0 0§
3 Median D 0 0 0 0 0 0 0 0 0
1 2 3 4 5 6 7 8 9 10
e Individual loop detector data
* 100 meter spacing
e => trajectories
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Information from data (micro)

Fit of fundamental diagram lane 2 - 31 Oct 2008 - site 9

*  data 70 mph speed limit
+ Data lower speed limit |

* Desired speed from free driving 2 vj "8
(correlated with gap) Fart
=> Desire to leave lane
probabilisticly from data D -

e Speed of neighbors S S e

e Gap

Desired speed
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o State uniquely determined by
densities (fundamental diagrams
give speed and gaps)

ed (km/h)

Spe

Information from data (macro)

Fit of fundamental diagram lane 2 - 31 Oct 2008 - site 9

140

o * data 70 mph speed limit
1208, + Data lower speed limit

* Density gives probability that one . .
wants to leave lanes P B Melams M =
* Speed of neighboring lane ook
 Gap from density .
 Macro=> ) A R
n tries, probability of k Lcs
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Methodology for validation (micro)

Data set
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Calibrate '
individually ! ,|Lane change
¥ ' probabilities
I Bins with sinular
v Select pﬂrt I modelled probabality
L] | Y Y Y
Average ' IBin 1| |Bin2| - |Binn
parameters : l l l
fepeat N times ¥ Weighted average I
Optimal | Compare modelled and
: L
parameters | measured probabilities
o [
[
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Methodology for validation (macro)

Data set

+ 2/3 calibration® 1/3 validation l
Calibrate -
e 1 Number of
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’ lane changes
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‘ Optimal

parameters
|

Calibration Validation
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Validation results (1)

Values of parameters more or less right

MICroscopic MAaCcroscopic
Var avg stdev  avg stdev
Reconsider time 7 | 6s .25 12.1s ().4s
Explanation by variables (¥ 0.915 0).006 (.927 0.004

Critical TTC 1200 4.0s 0.4s
4.0s 0.2s

Critical gap Yo
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Validation results (2)

Values of parameters equal for calibration set and
validation set

L N AL e R T O R R R e R R

Level Calibration Val-*
L Nr Norm Norm.
Micro 9.7E4 217 T\'\GV . 11:4 1.8E6  3.6E-2
Macro 2277 1.46 1802 1214 1.48
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Validation result (3)

Good enough for purpose
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Number of lane changes in 600 m in 5 minute

(a) Distribution of lane changes in bin 4< k; <6
(density in the origin lane) veh/km/lane and 4<
k; <6 (density in the target lane) veh/km/lane

-i-;u Delft Challenge the future 16 | 21




Interpretation of likelihood

Log-likelihood — likelihood = mean probability
L=P1 xP2x..XPn

Assuming equal P
(probability to have the right number of LC)

P=0,035 => 3,5% right to be correct

Zero order model (no lane changes): 5,8 %!
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Measured number of lane changes in Smin in 600 m

20 - gm0
_

(b} Measured number of lane changes

RMSE of nr of LCs

Predicted number of lane changes in Smin in 600 m
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(c) Predicted number of lane changes

%
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Sensitivities

3000+ &
E £ 15
2 2000- p
E 2 1]
21000 z
i g |
— ey
09 092 gog pae—"1152
) T(s)
o
{a) loglikelihood {(b) Probability {c) Root mean square error of the number of lane
changes compared to the expected number of lane
changes
Sensitivities depend on measure
(RMSE not in same minimum)
]
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Conclusions

- Probabilisitic models are difficult to cal/val

- Likelihoods make most sense

- No proper interpretation for likelihood

- RMSE sensible alternative to check where the
model is wrong

- Validation needed according to proposed
purpose
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Questions

v.l.knoop@tudelft.nl

This research is sponsored by COST action Multitude
and NWO project:

There is plenty of room in the other lane
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