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MIMO Radar imaging and wireless information and energy transmission for
Automotive IoT Service
Jong-Hyeok Lee

Department of Electronic Engineering, Graduate School,

Pukyong National University

Abstract

In this paper, we propose radar imaging technique and wireless information
and energy transmit strategies for automotive IoT service. First, we consider
the distributed beamforming technique based on one-bit feedback for multi-
energy harvester. We propose two kinds of method when the network
synchronize the phase for wireless information and energy transmission. One
is that all energy transmit node make some clusters for serving each energy
harvesting nodes. The other one is that the energy transmit nodes in each
cluster make sub-clusters for fast phase synchronization. Second, we
propose super-resolution radar imaging technique with FMCW MIMO radar
for automotive vehicles. We use 2D MUSIC algorithm and 2D MUSIC algorithm
with SIC to estimate azimuth and velocity of multi-target jointly and also use
FFT algorithm to estimate range after the 2D MUSIC algorithm. We compare
the two techniques to show accuracy and resolution of proposed algorithms.
Finally, we propose subcarrier allocation methods for MIMO OFDM pulse
RadCom(Radar and Communication) system and analyze the performance to
show what kinds of allocation method is the best for the system. The RadCom
is a system which joint information transmission and Radar function. The
proposed allocation method can show the best performance of Achievable

rate and target estimation to automotive IoT service.
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Algorithm 1. Distributed energy beamforming for a single node

1.

2.

Initialize 6,[0]=0 and 60,  [0]=6,[0] at the nth Tx.

Initialize RSS, . [0]=0 at the Rx node.

. Set j=1, and i =0.

converge

. The m th Tx transmits a signal with a phase

0.1i1=06, . [i-1]+65,, where 9, is uniformly distributed on

[—7/20,7/20] .
If  RSS[i]=2RSS, .. [i=11 , the Rx  node updates

RSS, . [i1=RSS [i] and i -0 and broadcasts a

converge

feedback bit 1 to the Tx nodes, where lLSSJi]=|yJiH with

nlil=»(T,) .

. Else, the Rx node updates i =i +1 and broadcasts

converge converge

a feedback bit O to the Tx nodes.
If the m th Tx receives feedback bit 1, 1t updates
gn,max [l] = gn [l] *

If i > T

converge threshold

with a constant [/, , .., terminate the

algorithm.

. Set i=i+1 and go to Step4.

- 10 -
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2.4.1 A8 Z#2EAA Y 1-bit F=v 7|9t YA 5713

Algorithm 2. Intra-subcluster phase synchronization for the ,, th

cluster

1 . Il’ll t 1 al 1 ze en(m) [0] = O al’ld Qn(m) max[O] N Qn(m) [0] fOl” the

n{"", where n{"™ is the Tx node index included in the &

th subcluster of the m th cluster (serving the m th Rx

node) .

2. Initialize RSS, ..[0]=0 at the m th Rx node.

3. Set j=1, and i =0.

converge

4. The n!™ th Tx transmits a signal with a phase

9n<n1>[i]=9 [i—1]+6,, where &, is uniformly distributed

™) e
on [-7/20,7/20].

5. If RSS,[i1=2RSS, ..[i-1]1, the m th Rx node updates
RSS, . [i1=RSS, [i] and i =0 and broadcasts a

converge

feedback bit 1 to the associated Tx nodes, where

- 18 -



RSS, [i]=

y, [ with y,[i]=y,GT,).

6. Else, the m th Rx node updates i =i +1 and

converge converge
broadcasts a feedback bit O to the associated Tx nodes.

7. If the n™ th Tx receives feedback bit 1, it updates
Oninn max [l] = On,ﬂ'") [l] .

8. If § > T

converge threshold

with a constant [/, , .., terminate the

algorithm.

9. Set i=i+1 and go to Step4.

duYSE 2= LaYF 1% FAHARE, MBS AHEHE 94

712 3 W A2 o $4 =EST A S8t FolR
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Algorithm 3. Inter—subcluster phase synchronization

1.

Initialize a"[0]=0 and a!™ [0]=0 at the Tx nodes in

k ,max

the k th subcluster.

2

. Make G grid points on [0,277] and set y S =

Initialize RSS, ...[0]=RSS,[0] at the mth Rx node, where

RSS,[0]=]y,[0] =

s[O]( W ) + vm[O]‘

m,n-""m,n

and

0 1s - obtained wusing the intra-subcluster phase

n,max

synchronization. Set i=1,i =0, and k=2 .

> “converge

If the n(m)th Tx node belongs to the k th subcluster, it

transmits the energy signal with a phase
| = (m) / m)rs m .
Hn(m) [Z] _Hn(’”),rmx +ak [Z] y where Otlg )[l] = Ot,({’n:ax[l — 1] +x .

If RSS, [i]>RSS i—1] , the m th Rx node updates

m,max[

RSS, .. [i1=RSS, [i] and i =0 and broadcasts a

convergence

- 20 -



feedback bit 1 to the associated Tx nodes, where

RSS, [i]=

vl -
6. Else, the m th Rx node broadcasts a feedback bit 0 to the

Tx nodes and updates i =i +1.

converge converge

7. If the , > th Tx node receives feedback bit 1, it updates
o li1= (1] -

8. Else, the ,> th Tx node receives feedback bit 1, it
updates y =—y .

9. If § > [

converge threshold

with a constant [, , ., terminate the

algorithm.

10.Set ij=i+1 and go to Step4.
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Sz e AR s71ske kOl == Y A wrIsE A4
ATk, =AM E AR F2E e Y 5718E Q8 S
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F P( ym,converge ’ < I)th’am - 177M)
2 (10)
=14 P( I_l;l,ll:lM ym,converge > [)th)
M
= 1 N HP( ym,converge > Pth)
m=1
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4 Clustering based an path-loss (Analytic, N =20)
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II. FMCW MIMO # o]t} Al 2=Hlef A 2D MUSIC
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covariance matrixolA FHH AT E AAL = A},

Algorithm 4. Joint angle and Doppler estimation using 2D MUSIC with
SIC

—

. Compute ﬁ:%)_()_(” and set R,=R.

2. Estimate the number of targets (I?) using AIC or MDL methods

as in (15).

3. Set KZI_(+0£, where a is a predefined integer constant.
4. For k=1:K

a. Compute the EVD of R, as R,=EXE".

b. Estimate the parameters (9,,6,) associated with the

largest peak using 2D MUSIC with E, =[E] where

K+2-k:MS ’

[A],, denotes the sub-matrix from the ith column to the

J th column of A .
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c. Compute the orthogonal matrix P/ with f(ﬁk,ék) as 1in
(20) and update R, as R, =P RP"".

A1)

d. If
AQ2,2)

Ay, terminate the algorithm, where A, is

a predefined constant with 4, >1 and A(i,j) denotes the

(4,/)th element of A .

el el stepdol A ML B3 +4F Kuth of 2 goz HuE

o 4% 2490 ot AvHoR o FA AHoR Qs A

4 AL AEE Pl Zolth, B EFolAE 4 -2 % A45A.
A1) 4 -

stepd®] dol| 4= eigenvalue ratio%l &
A(2,2)

2 FHE<Q] eigenvalue FHANA A HA Aok F WA 4o
T}, dubA o7 signal subspaced] aFdE eigenvalueES 41
AHo] F4F = o] ¥, noise subspaced] & E3= eigenvalues
L AAXE Abol9] A7I7F HAFSFaL  signal  subspaced] & HEE

eigenvaluesel W& Aoz vwie 22 gho] Huk.  uebA

eigenvalue ratio %% Faiult)t wldl AAbslA ¥W ¥ 23 e
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X 2. The eigenvalue ratio

A2,2)
[teration index k=1 k=2 k=3 k=4 k=5
K=2 59.2 172 .4 1.10
K =3 3.45 17.2 2276 1.00
K=4 3.44 7.49 304.1 128.3 1.00
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aEl3 AR S W p ko =R12 AASU, TE W) 2y
of wek MAE & ATk webd £A SRe T gol @Y & gl
o,

Yo
SNR, = iz ¥k (36)

o= AWGN 52 kol e g3ttt

-52 -



3.5.1 2D MUSIC &x8&3 SIC F59 & 33 A3

= doll A FMCW MIMO #Holtholl X M, =2 M =8 AZslgla 4l
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o] 4 AIE vl O = matching filter9} FFT &1E]l5S B3 o

beat FIF HAHE V& Wil ¢/2kS Hw3 AP HEZ ®skgk Ao

angle-velocity map©|t}. o] o] A& oMo Ae} o] e R E
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3.6 48
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(1) = ZZk s, (-1, )+n() (39)

=0 m,=1
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U Abelel Al thE AR AE o5 A AdS verdth n(?)

= Additive White Gaussian Noise(AWGN)©]t}. =21 (39)9] Al A3 =
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A= OFDM AR FAldolA Ad FH= HsHA &4ar = perfect
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4.3.2 E¥E 1974 4 7Y
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4.4.1 Ratemaximizing subcarrier allocation ®2J

Rate-maximizing subcarrier allocation= Achievable rateE ZH=
e = sk Wb =it = 4.3.104 A (44)9 AEEo] A
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Algorithm 5. Adaptive subcarrier allocation method

1. Initialize the subcarrier indices for the m, th antenna as

(15).

2. Compute D[n]=max. |Hi[n]|—‘Hj[n]H for n=1,..,N and sort

i#]

it as DIn(n)] in descending order.

For n=1,..., Nxa%]
3. By letting 771,=arg,.maX‘H,.[ﬁ(n)]| for the subcarrier index

n(n), if n(n)is not included in SC, , move it to SC, .

end

312 Rate-maximizing subcarrier allocation 212 a7} 100% <
dagF 59 559 A AT 4 9lal, Regularly fixed
subcarrier allocation 22 a7l 0% ¢ &dagls 59 E43 792t
a1 AZEEE ot a#s AAsA dgdgdoEx g A wet

2
op
b
H
o,
)
ol
il
i
ny
ol
K
ol
Ho
N
e
o
oX,
olr
o
=
2
e
4>
39,
o

- 74 -
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