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Why	  Traffic	  Engineering?	  

•  Commuters	  spend	  49	  
and	  59	  hours	  a	  year	  
siBng	  in	  traffic	  in	  SF	  and	  
LA,	  respec1vely	  [1]	  

•  1.9	  billion	  gallons	  of	  gas	  
wasted	  in	  each	  year	  in	  
US	  siBng	  in	  traffic	  ~$7.6	  
billion	  [2]	  
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Goal:	  to	  predict	  boundary	  traffic	  flow	  
•  Mo1va1on:	  boundary	  flow	  predic1on	  needed	  
for	  predic1ve	  control	  and	  simula1ons	  

•  Strategy:	  
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K	  means	  clustering	  
•  Goal:	  par11on	  data	  into	  K	  clusters	  
•  In	  mathema1cs:	  	  

•  K=#	  of	  clusters	  
•  N=#	  of	  data	  points	  

•  	  	  
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K	  means	  clustering-‐	  in	  a	  picture	  
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Clustering	  Traffic	  Flow	  Data	  
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ARMAX	  Model	  

•  Auto-‐Regressive	  Moving-‐Average	  model	  with	  
eXternal	  input	  
–  Is	  essen1ally	  the	  best	  discrete-‐1me,	  linear	  model	  
that	  fits	  given	  data: 	  	  

•  A,B,C	  are	  polynomials	  w/input	  z-‐1	  	  
–  i.e.	  A(z-‐1)=1+a1	  z-‐1	  +a2	  z-‐2	  +	  a3	  z-‐3	  …..	  an	  z-‐n	  

•  z-‐1	  	  represents	  a	  delay	  
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ARMAX	  Model	  

•  A,B,C	  encode	  how	  previous	  inputs	  (u),	  states	  
(y),	  and	  noise	  (n)	  affect	  the	  current	  state	  of	  
the	  system	  (y(k))	  

•  Example	  A=2nd	  order,	  B=0th	  order:	  
– Looking	  only	  at	  u	  term	  and	  taking	  inverse	  z-‐
transform,	  this	  equa1on	  tells	  us:	  
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ARMAX	  Model-‐Predic1on	  proof	  
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Solving	  for	  n(k)	  

Shiming	  [1]	  by	  d	  1mesteps	  
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where	  F	  and	  L	  are	  found	  by	  solving	  
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PuBng	  it	  all	  together	  
1.  Create	  clusters	  using	  a	  years	  worth	  of	  historical	  data	  
2.  For	  each	  of	  the	  two	  clusters:	  
–  Create	  ARMAX	  model	  using	  cluster	  centroid	  and	  real-‐1me	  
data	  up	  un1l	  current	  1me.	  	  
•  	  u(k)=centroid	  of	  cluster-‐	  
•  	  y(k)=	  flow	  at	  kth	  1mestep	  
•  1mestep=15	  minutes	  

–  Predict	  future	  traffic	  flow	  
–  Update	  model	  w/new	  data	  as	  1me	  passes	  for	  more	  
accurate	  predic1on	  

**	  Example:	  use	  todays	  data	  from	  12AM	  -‐8AM,	  along	  with	  cluster	  
centroid	  over	  the	  same	  period,	  to	  create	  ARMAX	  model.	  This	  
model	  could	  then	  be	  used	  for	  predic1on	  from	  8AM-‐12PM	  
today.**	  
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Predic1on	  Results	  for	  Mainline	  
#1108590	  
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Linked-‐Node	  CTM	  
•  Stands	  for	  Linked-‐Node	  Cell	  Transmission	  
Model	  

•  Start	  with	  LWR-‐PDE:	  

•  Discre1ze	  PDE	  into	  “Cells”	  and	  “Nodes”:	  
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Linked-‐Node	  CTM	  

•  At	  each	  1me	  step,	  the	  density	  and	  flow	  in	  each	  
link	  is	  updated	  
–  	  maximize	  flow	  between	  links	  while	  sa1sfying	  
fundamental	  diagram	  constraints	  

•  Nodes	  allow	  for	  arterials,	  on	  ramps,	  off	  ramps-‐
don’t	  store	  cars	  

•  For	  off-‐ramps,	  split	  ra1o	  (r)	  defines	  what	  por1on	  
of	  traffic	  flows	  to	  which	  link	  	  	  
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Using	  the	  Predic1on	  in	  a	  Simula1on	  
•  In	  a	  linked-‐node	  CTM	  model,	  you	  can	  set	  the	  
demand	  at	  the	  boundary	  
– Boundary	  flow	  ≠	  demand	  (if	  congested)	  
– How	  to	  use	  predicted	  flow?	  

•  Use	  simple	  “Merge”	  network	  with	  controlled	  
characteris1cs	  to	  study	  this	  rela1onship:	  
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Our	  network	  

•  Capacity	  in	  links	  7-‐10	  drops	  from	  8000	  to	  6000	  
– Reflects	  a	  “merge”	  from	  4	  lanes	  to	  three	  lanes	  
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Crea1ng	  Demand	  Profiles	  for	  use	  in	  
Simula1on	  
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Predic1on	  Results	  
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Flow	  contour	  w/Centroid	  Demand	  Profile	  
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Flow	  Contour	  with	  Actual	  and	  
Predicted	  boundary	  flow	  
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Speed	  contour	  using	  Centroid	  Demand	  
Profile	  
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Speed	  Contour	  with	  Actual	  and	  
Predicted	  boundary	  flow	  
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Sinusoidal	  Demand	  Profile	  (24	  Hr	  period)	  
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Square	  Wave	  Demand	  Profile	  (2	  Hr	  period)	  

0 20 40 60 80 100 120 140
0

1000

2000

3000

4000

5000

6000

7000
Flow for all Links

time (minutes)

flo
w 

(c
ar

s/
ho

ur
)

 

 
demand
link 1
link 2
link 3
link 4
link 5
link 6
link 7
link 8
link 9
link 10

0 20 40 60 80 100 120
1

2

3

4

5

6

7

8

9

10  
square Demand Speed Contour

time (minutes)

 

No
de

 #

0

10

20

30

40

50

60

0 20 40 60 80 100 120
1

2

3

4

5

6

7

8

9

10  
square Demand Flow Contour

time (minutes)

 

No
de

 #

0

1000

2000

3000

4000

5000

6000



Conclusion	  and	  Next	  Steps	  

•  LN-‐CTM	  demonstrates	  traffic	  dynamics	  well	  
•  Cluster+ARMAX	  predictor	  useful	  -‐	  bever	  than	  
simply	  using	  historical	  data	  

•  Next	  Steps	  
– Try	  recursively	  defined	  ARMAX	  model	  
– Validate	  with	  a	  real	  network	  and	  real	  data	  
– Add	  on	  ramp	  and	  off	  ramps	  to	  model	  
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