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Problem	  Statement	  

Mo2va2on	  

Discussion	  &	  Simula2on	  	  

Ø  Intelligent	  Transporta2on	  Systems	  	  

Applica2ons	  include:	  	  emergency	  braking,	  
hazardous	  loca2on	  	  no2fica2ons,	  efficient	  
transporta2on	  to	  avoid	  traffic	  conges2on	  	  

or	  construc2on	  sites.	  

Ø  V2V	  Channels:	  Sparsity	  in	  Delay-‐Doppler	  
Ø  Least-‐Square	  (LS):	  Sufficient	  Sta3s3cs	  
Ø  2D	  Sparse-‐Diffuse	  Channel	  Model	  	  	  
Ø  Orthogonal	  Pilot	  Design	  	  	  	  	  	  	  	  	  	  Op2mal	  element-‐

wise	  es2mator	  (Low	  Complexity!)	  

LS	  Es2mator	  
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is the symbol duration). We know that transmitted signal x(t) is generated by the modulation of the transmitted

data sequence x[n] into the interpolation filter shape �t(t) as,

x(t) =
+1
X

n=�1
x[n]�t(t� nTs), (7)

where Ts is the sampling period. The signal x(t) is transmitted over a noisy, doubly selective V2V channel as

described in Section ??. Therefore, the received signal can be written as,

r(t) =

Z

+1

�1
hc (t, ⌧)x(t� ⌧)d⌧ + z(t). (8)

Here, hc(t, ⌧) is the channel’s time-varying impulse response and z(t) is complex noise. At the receiver, r(t) is

converted into the discrete-time received signal using anti-aliasing filter �r(t) by,

r[n] =

Z

+1

�1
r(t)�r(nTs � t)dt. (9)

An equivalent discrete-time channel h[n,m] is described by the following relationship between the discrete-time

signals x[n] and r[n]:

r[n] =
+1
X

m=�1
h [n,m]x[n�m] + z[n], (10)

where

h[n,m] =

Z

+1

�1

Z

+1

�1
hc (t+ nTs, ⌧)�t(t� ⌧ +mTs)�r(�t)dtd⌧. (11)

B. Receiver Process

Assuming that h[n,m] is causal with maximum delay M � 1, i.e., h[n,m] = 0 for m � M , we can rewrite (10)

as

r[n] =
K�1

X

k=0

M�1

X

m=0

H [k,m]x[n�m]ej
2⇡
K

nk
+ z[n], (12)

where H [k,m], the discrete-delay-Doppler spreading function [24], given by

H [k,m] =

1

K

K�1

X

n=0

h [n,m] e�j 2⇡
K

nk (13)

where K =

The source vehicle transmits a sequence of Nr +M � 1 pilot symbols, x[n], n = �(M � 1), ..., Nr � 1, over a

channel.
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(a).	  Ideal	  Tx/Rx	  

(b).	  Non-‐Ideal	  Tx/Rx	  

Ø  Traffic	  Safety	  	  

Floa2ng	  car	  data/floa2ng	  cellular	  data,	  	  
Sensing	  technologies,	  Automa2c	  road	  	  
Enforcement,	  Dynamic	  traffic	  system.	  	  
	  	  
	  
	  	  
	  

Es2ma2on	  Algorithm	  	  

Es2mate	  the	  channel	  between	  two	  cars	  in	  a	  
Straight	  road	  (freeway,	  Urban	  area,	  etc.).	  
Channel	  has	  four	  main	  contribu2ons:	  
①  LOS	  	  (Direct	  Path)	  	  
②  Discrete	  Mobile	  Sca3ers	  (Other	  Vehicles)	  
③  Discrete	  Sta5c	  Sca3ers	  (Traffic	  signs,	  …)	  
④  Diffuse	  Sca3ers	  	  (All	  other	  small	  sca@erers)	  	  

Significant	  Improvement	  compare	  to	  LS	  es2mator	  with	  
	  the	  modest	  complexity	  of	  refinement	  algorithm.	  

Received	  	  
	  	  	  	  data	  
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