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CE781A Traffic Simulation

Settings 0 . 4 thick

H1-> H 2-> H3 -> 44->

Traffic Flow Dynamics - ByMartin Trieber EQuiz - 40%](MatabIPython) MSIES -> 60%
& Jan 2024/Mon)

computer simulation

mimic real world traffic scenario setting in the computer using mathematical model.

Why simulation ?
1 . To design and operate traffic system
2. Traffic Flow : higWhy complex and non-linear behaviour (multiple vehicles)

3. Check new traffic facility eg. Bus-bay, intersection
, traffic signal,

different settings/scenario that are difficult to do in field.

Types of Traffic Simulation

1. Macroscopic Simulation

· Represents collection of vehicles
·

Locally aggregated vehicles

useful for understanding traffic flow on a larger scale

Models

1.
First order (LWR) model ] -> system of non-linear PDs

2 . Second order model

Models using Numerical Methods

-Fluid Flow Analysis (FD, F, FE)
- has-Kinetic Theory

·

Boundary Land"

-Convert microscopic to macroscopic model
·Initial condu

Q=2/h
Disordered traffic > Indian traffic 1= 1/5

9 N

t=At LOL Sj
↳

- > Expansion Wave

~ shockwave-
cap

Stree fup
acity Ser

SP
is > I

2 . Microscopic Simulation

Models individual vehicles

Models

Car Following Model 3 -> system of non-linear PDES

Lane changing model ↳ solved using numerical tecniques
Commercial softwares

1 . VISSIM/Germany)
2. Almsim (Spain)
3. TransModeler (USA)

3. MesoscopicSimulation

Combines partly aggregate (macro) and partly individual (micro

->microscopic

↑ ~ macroscopic

> giving a proper interface is challenging

Random Event

Before conducting the experiment , you don't know the outcomes

But you know the possible outcomes eg. tossing a coin

Random Number

Real number Lies blu O to 1

ORI

Generate vehicle type using random numbers

'rand' built-in function to generate them

V = 0 . 0 BUS

r2 = 0 - 002 TW

V = 0 . 46 Car
⑭

Vehicle type

i => - -
START

100 O

1 . Uniformity di

2. Independent

Lumm . cumm . Fraction

TW 25 25 0 .25

Car 25 50 0 .50

Auto 25 75 0 . 75

BUSITruck 25 100 1 :00

100

RN RN = 0 . 89 -> BUS
10 Jan 2024(Wed)

RN2 = 0 . 46 -> Car

Blackbox

Vand' in MATLAB-good random us generator
Two qualities
I . Uniformity equal probable everywhere

oss Coin P(X=n)= 0 .S

SHITY P(X= T) = 0 .S

2. Independence doesn't get affect from previous event.

1

x

*

R-continuous random variable

& ↑10 .25) = P(0 . 5) = P(O . 15) = OX

X I meaningless to talkabt it -

O 0 .25 0 . 5 8-7 I
> R

N

Ry continuous random variable

Pi P2 Pro 10 Intervals

X X X P = P2= P3 =... = Plo

R3 R2 RI uniformity

0 0 .1 0 . 2 0 .9 I 3 R Interval size - same

P
, /0 < R4 0 . 1)

P2 (0 . 1 R( 0 . 2)

P3 40 . 24 R4 0 .3)
3

mid-square method (By John Yon Neumann
,

CS professor)
Algorithm
Step 1 : Initialize with 4 digit number (20) Iterative method

Step2 : Square (2) i. e. digit number

Step3: Consider middle 4 digits (21)

Step4 : Introduce decimal point before z
, (8 . 21)

Steps : Repeat Step 2 using 2, (not 8 .21)

eg: consider 2 digit no for simplicity

Iteration / Iteration 2 Iteration -

/: zo = T7 1 . 21 = 92 1 . 22= 46

2. 28 = 772= 6929 2. 2 f= 0464 2 . Z2= 2116

3. zi = 92 3. 22 = 46 3. 23 = /

4 . Ri = 0. 92 4 - R2 = 0 . 46 4. R3 = 0 . 11

After some iterations
, again zc= 46 will come up. Thus, there is a

cycle that will repeat in method. Always, this cycle will be there.

In computers, cycle is unavoidable.

mid sq . method - useful for generating number sequence
cycle period (20 to Zi-1)" cycle repeats

generate larger cyles , how ? Zo : seed value(initial value)
cycle length depends on 20.



computer always generate dependent random variable.

· vanishing random variable.

Pseudo random variable computer generated random variable (artificial)
not pure because cycle is unavoidable and dependent

Vanishing RV

20 = 73 32 02

28 = 5329 1024 0004

z1 = 32 02 oo random variable now vanishes ....

R1 = 0 .32 0 - 02 0 . O

For a good RV generator
1. ↑ cycle length
2 . avoid vanishing
3. uniformity

Linear congruential method

xi+ = (axi + c) mod m . a-multiplier
c-increment

Wit = 20, 1, 2
,

3, ..., m - 13 mod-remainder

Bit = 9 E ,
+

,
z, . . .

- 1

m -/ 3 Xo = seed value

M M M m
-> you can choose to divide by (m-)

Rit = S0, ...

.. I} Random number as well

Assumption : m >O
,

alm
,

Xolm
,

<m

↑

eg : - x ,
= (l7X27 +43) Mod180 = 502 mod 100 = 2 R1 = 0 . 02

-- x2 = 17x2 + 43)mod100 = TT R2 = 0. T74X3 = 17 x 77 + 43)mod100 = 52 R3 = 0 .52

cycle max cycle time possible = m

choose m = 2
*&24

,
based on your computer storage

this guarantee large cycle length

m = 100

Xit = 90, 1, 2, .... 993
Rit = 50, 0 . 01, 0 .02,...., 0 . 993 ↳ continuous R . V.
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continuous RV

I. Uniformity - To ensure uniternity blwa
2. Independence We choose uniform distribution

pat of uniform distribution

O -> / prob . = area

capital->RV fR(2) under

small -> numerical values (RV)
->

curve

O 0 . / 0 - 2 0 . 9 R

(a) (b)

Area under the curve = total probability R-> [0, 1]

WidthXheight = I

(b-a) + fr(0) = /

fR(V) = I paf ~ uniform (0, 1)
b-G ~ mean R = a+ b = 0S

2

~

varience = (b-a)
2

= i12
R-> uniform (0 . 5

, 1/12)
distribution

Sm = 607

3
LCM is better than MSM

a = 106
MSM LCM

C = 1283

Rn -> 15,000)
Un+ /

un+1

Rm -> 15000)
rn ru

I . Vehicle type ↳ = 10 Sec

2. time headway tz = 25 Sec

3. Speed tz = 186 sec

Random Variable 17 Jah (Wed)

PDF X =

, MN(R)
-

I

Inputs Road

I . Vehicle type (RN)
2
-

2 . time headway (exponential distribution)

speed

1) Desired speed 3 ·Speed~ Normal Distribution

2) Entry Speed

Normal Random Variable

(K - H)2

Normal -x(x) = 1
·

2
-

202 (M, 2)
PDF 2T W2

- x2

Standard fx(x) =
1

. e 2 10, 1)
Normal PDF 2A

-
x2

Fy(x) = Jas en e 2dx = 1

=
1 -an-> non-elementary function

za
S-c

Assume two standard normal RN

X-NLOID Y~ N(O11)

-
x2 -

y2

fx(n) = 1e Z fy(y)
1 ez

2 2

pdf X pdf Y

* 44 independent -> 9= 0 (correlation coeff)

3=0 X04 independent

JOINE PDF of X&Y

2

-
x2

23
Z - 12 + y2)

e Z 1 e I e 2txy (2) = f(X) f(Y) = 2
--

2
=

2

↳> legtimate DDF?

CDE

- (2 +y2)

Ex
, y (XEx', Yay1) = In J Fe 2

day

= <5
- (27is

2

dady

X, Y > Cartesian coordinate system

changing to Polar coordinate system

x2 = x +42 R, O OR

tan /) = Q 3 OLOLIA

rardo =didy

FRI0(Rr' , 04)= G Frrardo

-
e-ri o do var

= zaf
z

e
- 222

,
2N

do war

O

22-22/2 dr= Jo (lt 2->00

> Now solvable !

FRO
= je-velvar

Put s = 22 as = zudr

2 I

Fs
, o

=

*
e-as

It Fs , 0
= - [e-S] = - [e

-

- 26 = 1

5->d

Thus
, we have proved it is a legtimate PDF-

Ex
,
y (213) =

It (0 (10e-beity day
Objective : we want standard normal random variable.



9= 0 circle from top

X , Y 8= 0 I70 ellipse from top

circle

fix R

G-equally likely
O follows uniform distribution

OLOL2T

& =ZAM,
Uniform RN (011)

lot of data will be at center /mean)

T O' > 2A-

R. o =1 (2
o

e
-v

odrao

8' > d

r
-
22/2

FRO= I'e-rik a war = (e war

22 follow exponential distribution

5 = 02 ds = odr
I

Fs
, o

= Ge-as = C-e-s
I

vi = (- e
-S]

uz = 1 - e
-

S

12 = 1 - e
- 22/2

e-
22/2

+ -12

- = e(1 - H2)

r = -zen(1-(2) 02 R < %

r= 1 - 2(n(Uz)

r= -2 In (12) O = 2AMI U, ~R(Os))
R= -2U2 H2-RlOcK

X= RCOSO =
- Zenc2 Cos(2AUI) ] X , Y -standard normal var-

Y = Rsino = - zenuz Sin(IAM2) <
convert back polar->cartesian
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Box-muller- - transformation

O X O Y

Xy - muz Cos(2AU) 3 Standard Normal Random variable

-ne sin (2aUI)
Al o

Ocar-N(60 kmph , 5kmbh)

Ptruck-N/40 kmph, 3 kmph)

X = Ocar Mear Y = Ptruck Mtruck

I Ocar L Struck

NCO,K NCO I I

SNRY SNRU

Ocar = Mear + Gartne CoslINU)
-Rtruck = Mtruck + Struck -zmue sin (2NU)

Ucar = 60 + 5 -2112 Cos[INUI)

Utruck = 40 + 3-2mu2 Sin (IAMI)

Disadvantage- 00 < Year + &

-> Truncated Normal

Distribution

350 < Ocar < 70 3
↳

At end , regenerate this
Limit

.

Log Normal Random variable

Take its log .

· Install Automated Driving Toolbax -> For Lab !
Next class-IDM -

°

->

-> Model
-> Implementation
-> Data /Sim. Setup)
-> Noise
->Calibration -> everything they calibrate.

succeed in some data only
not all the dath

Parameter reaching optimal value them

also do the calibration.

Lab#2

*
X = - 2 IU , Cos (IAU2) 3Y= - 2(H1 Sin (2012)

Efunction (output variable] = functionname (Inbut variable

end

output variable = functionname (Input variable)

Input variables
19 Jah (Fri)

Move the vehicles

1) models

& longitudinal dynamics Car Following Model
lateral dynamics Lane Changing Model

CAR FOLLOWING MODEL

~

> mathematical formulation

-> coupled ODE

f -> socialforce

E
dx

= K f is not a physical force
dt

d = f(5, V e
-> Newtonian mechanics

F= ma X

7

F L

1) Newton's third law

2) Reaction time

Independent variable

1) space gap (s)

2) speed of the follower

3) Relative speed blu leader and follower (AU)

AP = PX-Ul

1) Eulerian framework - inside vehicle sit.

2) Lagrangian framework - outside veh · fix .
the position

↳ car Following model

Car following model
describes all the driving regimes

-free flow lembty road)
>Steady State (t = 0)

> dynamic situations

smooth transitions blu different traffic regimes *
At

jerr = dIV = some finite value L
at2

Smooth&

continuous



Intelligent Driver Model (IDM)

·

First principles (

- = frearm t Interactive
term

- -

free term = a (1-())
interactive term--a (3)2
(congested traffic)

a = max acceleration /modal parameter)
= current speed of vehicle

Po = desired speed of vehicle (modal parameter)
S' = desired spacing
s= actual spacing
S= a modal parameter

S' = So + PT + KAR T= desired time gals
zral O= current speed of ver

AU = Uf-Pe
So: minimum gab

a = max. acceleration

b= comfortable deceleration

a = a(l -()y - a(*
Wi Va

-> +
V -> Tru

Dwhy timegap?-I ' VI , U2> Vs , UR
com Im
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case-1 Empty Road > V= O
A

6 ->

-
a = a(c -1)

s->d 6->0 (
desired speed

V= 0 =
an

= a Imax acch) Why S?
At to control shake

U= (10 => an = O of the curve.

at

2aJah (Wed)

- = a(
- (t)y - a()

S' = So + Pt

a = al - (v) - (4)
o = a (1 - (t)* - (50 +,u +)

2

)

a (so + vi
2

= a(-()8)
S2

(So + Vi
2

= 1- (F)
*

S= 4

S2

V, S 52

(Sotry) 2
=

1 -( *

S2 = (So + VT)
2

S
-(

SeF (So + VT) Generally, s=4

Ve lequilm speed)

/
- (2) S

V

Q

M

->
equilibrium

Steady state gap X

x

*
x

model

>
I

= I

fe + l

Steady state

Savg =
I

means = 0

distance headway

Q = Sk

S'= So + VT + OAK free part= 0

2 ab steady state part = 0

1) free flow part

2 Steadystatepar signal

= a/1 - -
dr = -

a(5)2at
2

=
- a VDP

2
ab

du =- a 2DV2 =- VIAV2

at 4kbs2 4bs2

A P = Pf-- = 0

DO = Vf = O

L

dr
=

- VAV2 = -

V4
=

-brin
?

dt 4DS2 4bS2 D

where
, brin = (s)

leader
S

F > S
speed=0

Follower Leader

v2
= 2 2 + Zas

0 = 22 + 29s

q = - U2

25

av
=> - brin

2

(dynamic part)
at D

D= comfortable deceleration
= z m/sec

case I t=t

S parked vehicle
F > L

Ye = O



X

= Din = ↑ Me =
- binXbkin = 4

D zo

- E

overcompensating - booz dangerous situation there

abblying hard breaking

parked vehicle
- T > L

Ye = O

d
bin = 3

nee
safer (less danger) -due to hard breaking

Intelligent model.

t = H + At

=
- 3x3 =

- 4 .S M/s2
28

517 Sa
case-2 ↑ stopped

F L/vehicle

de -- brin

at D - danger.Des

bism = 2 m/s
2

3 =

- 2x2
= - 1

b = 4m/s2 ↑

mild braking
t + D

Dian = 4 M/s2

D = 4 m/s2

ar
=

-
4X4

= - 4 => b
-At *
- Intelligent DriverModel

↓
Best model

so far!
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OPTIMUM VELOCITY MODEL -> Jabanese Model

some Drawbacks

FULL VELOCITY DIFFERENCE MODEL -> Some Drawbacks2)modified
MODIFIED FULL VELOUTY DIFFERENCE MODEL

W
Good one - but

Won't teach Ino time)

Steady state ~
↑ max acch-> anticipitations ↑-> steady state

( steadysta--

-

Se = so + VT maintain steady injam also

Ed
state gap.

NOW -> DensityIn steady state
-->

/Free traffic steady state

Then -> Density 4~ Steady state
-

( Congested steady state)

steady state always achieve.

X x
steady state lies exactly on the curve

*

/ -~ congested steady state
tree

traffic
Steady
state

Now -> Making two traffic light
LI

--

DinnD = 0 . 9M/s2 ->yStob --D - YereK
applying
brase

b 4 then apbly brake's distance Le
-

b -> (Anticipation Parameter)

CITY TRAFFIC

stop-line traffic single lane traffic

-stop-line
IDM

· ·

20... 3 2 /

-
< > Downstream

748M
20 veh in

E
Quent

L L

Red signal Red signal

20 vehicles No headway needed at the moment

Speed= 0 d No vehicle speed needed at the moment

All vehicle tyRe cars

Assume : Downward traffic signal always red.

MOBIL (A lane changing model)
& Discrete Lane changing model Lab#3

& TBM

138
>

n
740 M

- single Lane
& 20 ... I - 3. 5M

K >
V road

4
min gab so = Im

car only traffic
= NX Vehicle length +

In-15
-1

->

-Sm

min gab (
Speed=G

Length of virtual veh = 0

width of virtualveh: width

of road.

IDM Model

- = a(l - (b) - (5)
= So + VT + UDK

-

2ab

= so + max 0, 2 + VR( zu

-> alwaysmallee
- So + (-ve)-/

virtual rch-speed = O

length of virtual veh = 0

wid o virtual veh-length of stob line
.

)En wor
stob keter.

A K = Of-Uh
DV = 0

ve = G

AP= 0 (counter) - Plcenter -1)

S2 = Vehicle (counter-1) -length of vehicle-vehicleXcoord())
counter

time step
.

At = 0 %/ sec -

Isee At< Average Driver Reaction time

t= 6 . 2 see L
O see .

-
-

Why ?
Booz driver react in this

time

At = 22C .

-
-

+s

e

s = so +max/0 , vs

. a



separately - zor?

t=/set time step=1 sec

First reh second veh.

ACC DO = PlIste) - Pf Ilsee

update speed t = 2sec

update position 3
O= U + at second veh.

AU= UlIsee) - OIIsed

v= n+ at S= Leader-Veh .

position

Applyactat starting time LIDM Modell

t= 0
At = 0% Se

+= 140 sel

+ = 0 He -IDM model ACC 120) -> update speed, position

+ = 0 se +

I

!

t= 14554 = = 1000 3
,
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IDM Model
3) Jah (Wed)

> Simulation Software
> Calibrate simulation model using real world data.

& Find optimum parameter values
Replicate different driving regimes closely with field data.

Types of data in traffic flow

1 . cross-sectional data (Q,D, P)

2 . trajectory (spatio-temporal dynamics of all vehicles)

XFCD (X-floating cardata) > spatio-temporal dynamics
(vehicles)

Trajectory Data Better for calibration
Two trajectories NGSIM /New Generation sim. )

open-source data

USDOT collected this data

F L

Follower Leader

EpositionM Primary
data using thisaa

calc. Speed & acc using primary data

Leader

Follower

position Me- n
N

mspeed

time

-

Act

time

>

time

Why choose this trajectory data ?

is Follower free accelerating (A(340s)
->(a)

crusing at desired speed1340s[ + <3425)-> (10)

3) approaching a standing vehicle from large distance

134251 + 1350s) - (b) comfortable deceleration

4) accelerating behind leader (350s[ +<360s)

5) Following the Leader near steady state (360Lt(365)

↳ (T) desired time headway

6) decelerating behind a leader (365< +(375)

7) Standing (7375s) -> Solmin . gap)

position > primary data (NGSIM) ti Xi

titl xi + 1

speed : > Numerical scheme ti +2 Xi + 2

(Finite Difference Method) (point datal

Taylor Series
position

'f(ttAt)= f(A) +
A* f'(t) ++2 +")

↳
ECt +At

(MVT
f(t+Dt) - +(t)

= f'(A)+At f "LE)
At

f(t +DH - +(t)
- f (A) = At f"(E)

① t

-
2! ↳

Truncation Error

Euror/Remainder term

order of accuracy = 0(At)

F . D : f'(A) = f(A +At) - +(t) - 0(Dt) accuracy order
At

B .D : f'(A) = f (A) - f(A-At) - 01Dt) accuracy order

At

2.

CD .

Gett-AtttAttilttstisSe
3!

f(t +At) - f (t-Dt) = 2 f' (t) + At[f"(E) +fllEz)
At

3!

f(t+Dt) - f(A-Dt) - f'(t) = At 2 /f "(E1) + f"(E2)]
2 D 12

orderof accuracy : O(At2)

for At < 1
, error is reduced /Lesser error

that's why we will use central Difference.

Vf'(A) = f(A +At) - + (t-Dt) = speed
2 A t

f" (t) = f (t +Dt) - f 'It-At) => OAt)
2 At

V
f (A) = f(t+ Dt) - 2 f(t) - flt- Dt)

=> OLDtN) BetterAccuracy
LAt) 2 ↳ = acceleration

We taking St = Olsee
,
f'(t) = 10 times amplified the error 3f"(1) = 100 times amplified Chuge)

Cityf't) = m

-> primary quart
- stick to it.

= -ve 3 can'tgo-re

De-Noise

Inconsistencies in NGSIM data

1) Negative gab FL

2) Negative Speed =
-zom/s

3) unreasonable value of acceleration a = 160m/s2

4) sudden jumps
vehicle forward and backwards

Negative gab collision or overtake



Lanel Lane2~
Follower changing Lane

M

position () (T40) Time headway=- ve)

Lane changing + overtaking

>

time

Internal consistency NGSIM - position , speed, acc.

x= dx i = d K
dt At

x(t)= x(0) + It')de I can't abbly on discrete case.

KLH = x(0) + KIt')At

v(t) = x(0)+ a(t'dt
i

"It = U10) + 2 A/tAt
,

2 = t

O A t

hab#4

Internal consistency

Platoon consistency

mitial gab (so) also consistent

S(0)= xe(0) - L - xf(0)

S(t) = So + Sle- V)&t Ut (all time)
↓ ↳

L

If you consider position-> Central Difference method-

Automatically platoon consistency satisfied.
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Istreh 5th Veh

V I

gap speed acC

· netime time time

ref time = 0
,

0 .1
,
0 .2

time stat = []

timestat = [0, 01, -
... /20)

gap stat .........

time stat = 20 .----
..... 3) 5, 10, --

speed slot

speed slot = <----- ] magnified
↳

L== = =

=

= Jo
↓

L
-

=

-
-

-

-

I--

-

--
-

-

100 sec

At= ISL

time stat 10/X) speed stat 101X5

gabstat 101X5
acc stat lolxs

IDM Model - Discontinuou graph- Lane changing
(Active & Passive came changing)

F L F L

error = (2s)-(id)F Le Later

De-Noise

convolution-combining two functions to produce the new function.

(f19) >(f*g)

(f*9)= ( g(t) f(t - 5) dt

our data is discrete me discrete convolution technique
t do

(f*g) = g(t)+(t t)
- ↓ I

vehicleposition We have to construct this function

Iren field data) ↳
How to construct this function?
We have to construct this th

mathematically.

New LeC
--

N single-vehicle trajectory De-noise an

Data smoothing tecnique
Y X

si
*

X *

i
*

>

t = fi

Discrete convolution

(f *9)= f(t)g(t -t)

f(A) ->from the data

weight function glt-[)
↳

Kernel function

2
+= t

< Smooth partition (or) position(after removing
the noise)

traffic is non-linear.

a 0
.45 0 . 60 weights

lxl
,

060

si
X W= 1

X

/
o-45 olw 1 1

Go*I

015/
* *

X- 0 .15

I weights are symmetric
N

t-BAt t-At t = fi tfDt t+3Dtt (trusting t= ti points)
(w= 1

& (t-t) Kernel function

& >Localised (upto same Total range)

It-[1 > <] that is a localised function
P > O

T= ti

t = (t-3Dt , t + 3Dt)

Po It-3Dt1It +3Dt/

bob maximum at $(-I) = 1

t- C= O on titi ,
t= ti

-

ti ti= 0

Do > continuous function of It-Il

Po -> monotonically decreasing function
do -> symmetric

· If you apply any filter in data , then there will

be aface.↳ errors in the data. data is cerrect but-

wrong filter choice .

N
I

time index

Do
0-3618.

· 0 . 3678

Kernel function
& *-0 . 13.

- It-til

d = e

I & I I I I 3E - - D t t-2D+ t- At t = ti ++ At t-2Dt + + 3 Dtt

I 2 3 4 S 6 7



discent cent -

2 Y discont .

-
T = box Data equidistant

C ~
position in time

Kernel ↳

instead ofgoing to

~ convoluted function time , you have to

use time index.

q= e-It-til (at = 0 sk)

p = 2
- 0

= 1(t = t) t >time index = K

ti-> time index = [

d= e
- 1k i

= e
- 14 - 4

= e
- 0

= 1 (k = i)

d = e
- 13 - H

= e = 0 . 3670

& = 2 - 12 - 41 = e
-

= 0 %3

T higher
↓ - IK-il

-/Tower P = e J11
↓ exponential moving

average method

T-controls the shake of the curve

Thigher-green cuve

Tlower-pink curve

-
i+D

< e
-
/-k)

xx(i) = E x A Kernel functism

↓
K= i -D

~ field data

position

X i= 4 D =3

-X X

X

I K !
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Now, normalise (i)

-

Ex(i) =
I

i + D

packle
-*** (Normalizations

·
its

l

e i -D k
K= i-D

[i < 3
always

d =
low pass filter

· low-pass filter V
·

-es
·

high pass sell
· Install MATLAB
· Full Charge
(

7 Feb 2024
,
wed

Data smoothing
- It-til

-
a model parameter

&(ti)= Zexp T

E(ti) = 2Holt - ti)x(t) - reference of time

smoothed
-

position -> I (ti) = 1 =Do It -ti) x(t) time index

=Polt-til equidistant in time

-

I k-if

(i) =

I i
+D

exp
A x(k)

* Po(k- i)
K= i-D

K = i-D

A = T dt = time interval blu
dt two points

T= loseC starting point
at= 2 sec * spoints L

D= min[C1 ,
i-1

,
N- 13
N↳ L
ending point

a=3 parameter

D= min (3x5) =15 ~

& 11 I I

I 16 I -
31

i= 16 I

total no. of DOTG
are always odd
in number.

Model

Calibration +

Data

compare between measured and simulated quantity.
↓ ↓

Realworld data car following model

Minimize difference blo measured and simulated quantity

↳
Find out optimum model parameters

Before calibration , simulation setup

smoothed position both leader and follower
↳speed 3
↳ ACC

>
1 . Internal consistency3 already satisfied

2 . platoon consistency
follower

Simulation setup Y leader
- --

t= 0 x(0) UCO) a (o) ke(o) Velo)
1

t = t +At

= t +2 At

external

Input
sim10) =

data
(o)

psim(o) = o
data
(0) Edatadaye

ssim(o) = Medata(0) - Le-asim(0) ↓ t

always this data

Apply /DM Model at time += O comes from real

world field data

Acc-IDM-model /ssim ,
resim (0)

, Aksim

+= 0

Busin(0) = sim(o) - pdataos
At = ISeC

simil =

y
data
-L-zsimis O= U +At

sin
data

ARCK) = resim(1) - Ve

Ho = So + (i
+

V)At

ACC-IDM-model (ssim (1) ,
vesim(1)

,
Arsim (1)

Xsim(2)
Usim(2)



Parameters 22, R
,

9, S

obj . Func . min [adata sim

vo
PositionIn

/

M

I

-xi] [i=0

4 1 oom X

E L Observed

X= 100M

4 1 oom >
/ ↓

Simulation
E L

> E= Ilsecto Zosec 4 ACC
X= 100M

gab Red every time

zero error

can't find parameters

optimally can't find.

speed K

A R=10mIS
4 1 oom X/

E L Observed

X= 100M Som
L >

↓
Simulation

E L

A K = 10MIS

Al

- <lypdata - Busimp2
DO-> correct parameter

error =

Lo

Aman Kumar Singh \ IITK

Gaps

S = xe-L-xf good variable

-5 AV
3 kuun?

error =

↳ /gsim-sdatee minimize

absolute =

·Ece(ssim sa
e

error

SimE10] (ssim-sdata)o - ~ numerator

↳
blows up

more sensitive to larger gab difference
↓

free flow condition

relative = +
,

sim-

date 2 > more sensitive to

S small gap
error sdata (

ssim= 10 M > error = 5
= 100%

sdata= 5m

ssim = losm & error = 105 - 100 = A = 5%

sdata-100m 100

forsame diff .
in s, different errors are coming up.

mix both

n

error mix = E Issim-sdata)
?

i= 1
I statal

& Sdatal
i= 1

Lanalitical insenod)
Free traffic and congested traffic neuristics method

112 Feb
, Tues)

Model

Data-De-noise

Objective Function

-= Errorry = 1 E(Sobs-SsimSobs

>Objective Function -> minimize

f (U0 ,
T, So, 4,b) optimum model parameters

Do
,

T, So , a, b

↓

olmls (estimating optimum model parameters)

minimization problem

f in continuous function

f is not continuous function <mostly happene
(discontinuous)

↳ evolutionary algorithm
lane changing happens, /Genetic Algorithms

discontinuity happens !

DNA's*
earth

>

ATCG -> optimal or sub-optimal solution

general structure (GA)

1) Initialization

(40)y200
Populationse

Random

Assume Initial population (randomly) values

Vo = 15

T= 1 & fitness = E (Sobsssina = / function

b= 15

So= 2 . 5

SBJ GA automatically generate randome
values blu LB and UB for all parameters

(200 fitness functions)

function(f)
min FC* x= Vo , 7

, 9,b, So

2) Evolution Look

Parents& parents-
Initial -

selection
I

population Termination
offsprings Criteria

L

Reproduction GA
crossover&mutation

GA

1) Initialization (Initial population-> randomly)
2) Select parent&f crossover

3) mutation &chromosomes
~

erron in genes
- Increase explorative ability of GA

- Create new innovative solution

~
enuation

local w

optimum
20b
I as optimum

4) merge with population and offspring
5) Evaluate , sort and select

6) Check for termination criteria
if not

, go to Step2 .

crossover

parent
> crossover "offspring
operation

Parent 2
7 >

offspring2

mathematical

operator



O I O Ol I O I

// [/parent / / III/ single point crossover/ /

1 I I oo O I O
L

/ / // / I// / "IParent2 / / /

O I O O O O I O

offspring/ III IIII, single point

III & Crossover
1 I I O 10 I

/ / / // / / /// / /offspringz / / / "II/

offspring/

/

III

/

I I

3 double point
crossover

offspringz /III IIIIII/

uniform crossover

I = 2 T11, Th12, 2113, ... Tin]

22 = 2221
,

2122
, 123, ... Ten]

42= 2 <21 , <22, 923, ... 92n)

6= < G . 42
, 23, .... (n)

9i = 0 E 1

Yi + 2411 , 312 , Y1s, ... Y(n)
Y2 = <421

, Y22, Yes, ... Y2n]

Yii = Likli + (I-4i)Kzi

Y2i= 11-di)Mll + Gillei

200 population -> 200 offsprings

Aman Kumar Singh \ IITK

Mutation

-> error in the genes two genes
-> increase explorative ability of 4A
-> new solution (local optimum

x ->

I
-> x

mutation rate

mutation

operator

a = (11 Th2 ... In) ni = (xi, i ...Di

kit 20113
j= 1 to n (RN) si= Edi it isei= 10

parent selection

xopl random selection
-> I

1) R = [ /121 3, ... ]
-> POP2

↳ not effective

Upop
-> pcp3

fitness function
I

2) Tournament selection
· > members (5) parents

->poph >Select 5 best fitness function

of parents

This is deterministic.

*

· Casino-Gangster
3) Roulette Wheel selection · MITProfessor

Real life

Pi = fi 1Assign probability) Mode .

T

* fi
i= 1 Wheren = 10 Irany

(GermanFrench
Roulettewhet Italian

IIII i↓
(Prob)

Merge with Parent and Offspring

④ fitness

DOD function

I sorting
+ > >

-
children

M+h *
s population

& STermination criteria

2 pop

14 Feb 2024
,
Wed

min f(V0
,
T
,
a,

b
, 50) discrete

Vo = LBNUB crossover operations

T = LBNUB

a = LBNUB

->
also soos (same

vel error = f = data-SsimT ( S

Sata
(

2

parentl
↳ x = (211

, 212
, 113, ..., xin) cross over

-> X2 = /221
,

222
, 223,..., Rzn)

parent2

-> Y = (41, Y,2 , 413.
.. .. YIn)

offspring

offering 42 = (Y21, 422, 423, ... You

2= (4) , 42 , 43, .... <n) <+101 1) Random

C = 0 . 2

Yi = Xilic + 11-<i) Ezi

3 Crossover

Y2i = /1-(i)Ti + Lizzi

at(- b,
1 + S) S <very very small number

It improves exploration ability of GA.

mutation

I 7 >

Pei , 12. .. Is ....
Rn) (ii . This . . Is ... i

ii = xj + S- Stollows uniform distribution

Mitorm(-t , + t)
limited range

Better use Gaussian

S->Gaussian
~ N (0, 22)

4
most of the fall near mean

There mean = of
Revisit

↑

mu

f= Sdata-ssim
2

e i= / ( Sata (

Ssim = 9 IV0,
T
, a, b, sol

1) Initialisation > Initial population = 200

sett Set 2 ... Set 200

t(LB, UB) vow IS 30 Vo -> 200
- T - 1 .6 ↑ T -> 200

a~ * O & a -> 200 values/ b~3.6 0 .Of &

1

b -> 200 3
So s 6 5

-

so -> 200
=> fl -> f2 ... = froo

f= fitness function /
/

fi fitness function2
&

/

t200 = fitness function 200



crossover 1 T ab So

POP) - 15 / 0 . 1 3 . 6 6

Pop 30 1 . 6 4 .00 5S Similarly 200 population
#

V ↑ a b So

offsprings 15 14 0 . 01 S 200 offsprings.
offspring2 301 :60 3 %66

200 POP + 200 offspring
E

&
f
3·

&

For for
Take best 200

basedonfitness .

Best fitness

= +

function

-

lach
optimale

-
E global optimal

RaderrawDatAftersmostingee i
globalar- can be accessed anywhere

... - continue

Selectionfunc - select IDOp out of 200

tr crossover

maxGeneration - max 420 iterations

~
may no - of iteration,

Aman Kumar Singh \ IITK

a = 0 + to 6 a= 3 . 1

Vo = of to 30
~

= 12 - 10No
-

fitness function So = 3 . 59
6 N -

> minimum = 1 . 2S
A O fitness 4Eb= 1 . 74

3 fixing
value

0
. 1 2 Vo

3

> ↳
mir vel error

.O

all other place higher
fitness cate

Fix any 3 and vary only 2 parameter.
Plot contour plots.
-

& optimum value around blue (min)
& yellow (max) .

15Feb 2024, Thurs

a= +(5
, U, AV)

E not included in parameters.

Leader acc-no acch required [1) <2) [37(4)<S]

↓ 2 4 G D
At + =0 , Param

= (a, vo,
T, so , b)

Ssim= xc-L-X] same
- bloz zsim (0)= &data10)Sobs = X1 -L-X

↳
leader - externately controlled -field data

t= 0 to 521 timesteps 1521data points)

AV = U- Ve &relative speed in IDMModel]

dyn . = PAR

term 2 ab

dyn . => followerspeed xrel speed
term . 2 param (1) xparam(5)

a = = +(S, V
,A

v =U + at

s= So + ht +# at 2

t= 0 % 1

E
xdata sin

3 similarly repeat
upto 321

data
/ psim(1)x

L

a = = f (5, P
, BR) e
I ↓

speedometer Human perception! L error

error no erro
-- L

compensated by
I

driver anticipation.

(ya iss class baad ?? )

always declare any data- in main function.

Don't read anything inside iteration.

Genetic Algorithm- won't ask inExam

16 Feb 2023

Not all model parameters
-> estimated
-> time 350s to 306s ro -desired speed

ST, 9, b, So, Vol
at max. accelerations

can't find
-> time A > 386s

gap decreasing - anticipation behaviour

data 386s to 3975

desired time gals
T=(- Ve)

Consider whole trajectory data

T- some error -> contain errors

S = So + UT + ARA

2 Tab 3v(N) s(k)
T=] ~ not consistent withmodel

↳driver want to came change .

Sokmpln lanticipation behaviour) .

C

E - L 77 300S

↳

TInvestigation of the parameter space
T E

indifferent writ desired speed
-

Vo

IDM Model

> Radar Data Set(Germany)
Data set does not contain

- freeflow 3-

abbroaching
desired speed

Vo = 20
, 000 km

Lunconstrained optimization

You have to choose correct model.
The model parameter have to be orthogonal

Parameter Orthogonal
diff-

>
situation represent by diff.

driving & parameters.
· free acceleration -> Aregimes ->

fixed
~published values

·

crusing (10) ->Yo ↳
max(ki

· approaching -> b comf dec. ~ max of all speed

· following -> T
in data

·

standing -> Sa

Every parameter represent one driving regime only.
That is called parameter orthogonal.
Each parameter diff . parameter model/situation.

~If not
,

more than one then some

correlation will be there.



Ideal case

Each parameter -> only one driving scenario

↳
we can fix the problem even with incomplete dataset.

↓ Fix values from published values

2. Fix vallly the max/ki) ~ all vitro data.

Quiz-1 = v(s) - K
- C(V -V

-
leving

I

&
linear term in↑- &

not complete model rel . Speed.

Model completeness

"FirsL t vehicle

Ve= 0

= + decelerating , after some time - we term

dominates &

Whenever calibrating -

propogating
1 . Tipping point -> don't use this data-traffic jam)

2 . Test the data -> contain all driving regimes

3. Fixe that particular parameter f
other parameter-> calibrate

Start It- of

data Stop & go

m
wave

published values

4. LB and UB-restrict

5
. good initial guess

6. Plot fitness Landscape -unimodel

↳ data completeness.
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UA -algorithm good wate lot of others.

L optimization comes in this part.

L Evolutionary Algorithms)

7 . Robustness- Model must be robust .


