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Abstract

AESA radar is able to instantaneously and adaptively position and control the beam, and such adaptive beam point-
ing of AESA radar enables to remarkably improve the multi-mission capability, compared with mechanically scanned
array radar. AESA radar brings a new challenges, radar resource management(RRM), which is a technique efficiently
allocating finite resources, such as energy and time to each task in an optimal and intelligent way. Especially radar
beam scheduling is the most critical component for the success of RRM. In this paper, we proposed stochastic radar
beam scheduling algorithm using simulated annealing(SA), and evaluated the performance on the multi-function radar
scenario. As a result, we showed that our proposed algorithm is superior to previous dispatching rule based scheduling
algorithm from the viewpoint of beam processing latency and the number of scheduled beams, with real time capability.

Key words : AESA Radar, Radar Resource Management, Stochastic Radar Beam Scheduling, Simulated Annealing
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B 1.SA A&s 9% ¢S AR, M 3 cost function®] 9
Table 1. Definition of algorithm parameters, variables, and cost function for SA.

Algorithm parameters and variables

- Beam Definition : Beam(id, r, p, p_i, k)
id: beam®] 2" ID
11 S A 7Hrequest time), p: 2l Al7H(processing time, ie. dwell time),
pi: W] 4 ¢ HW(beam priority level)
k: W 2AZE ¢4 (SA FHE 53 FaA)
- Priority level p_i € {I(plot confirmation), 2(track initiation), 3(active track), 4(surveillance)}
e 2247 22 ¢4 <95 7R
- ¢t @ current time (&AFH o] o]Folx= A7hH
- Scheduling Time Interval = 00 ms (SAE 53] A& E 48 & AT 77
- SCS(Scheduling Candidate Set) = {beam(id, r, p, p_i, k) | r < ct + Scheduling_Time Interval}
- V = Sequence of beams belong to SCS (i.e. beam € SCS)

Functions and Criteria

- Neighbor generation: select random two beams on V, and exchange their orders each other.
- Cost calculation

earliness_penalty score = [penaltyp i=1 penaltyp i=2 penaltyp i=3 penaltyp i=4]

JAER pi=1,2, 3, 40 i

lateness_penalty score = [penaltyp i=1 penaltyp i=2 penaltyp i=3 penaltyp i=4]

HAER pi=1,2, 3, 40 i

For each beam(id, r, p, p_i, k) on V schedule /k =1, 2, 3, .-+ |SC§|

Let r' = estimated request time of the kth beam
m=k—1

r'=ct+ Dy > Pm is processing time of mth position beam(id, r, p, p_i, m)
m=1

Let escore = max(0, r — '), //earliness of the kth beam,
then, escore * earliness_penalty score(i, p_i)
Let Iscore = max(0, r' — 1) //lateness of the kth beam,
then, Iscore * lateness penalty score(i, p_i)
Let pscore = escore + Iscore //penalty score of the kth beam
sum pscores of all beams on V schedule
- Stopping criteria : T is near zero or cost value is nearly unchangeable
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2 SA 2AEY ¢xds
Table 2. SA Scheduling algorithm.

SA_Scheduler Algorithm

Set the temperature length L;

Set the cooling rate F;

Set the Boltzmann factor k;
Step 4. Select a neighbor V' of V

Step 5. If A<=0

A

Step 1. Formulation the problem parameters
Step 2. Determination of the initial schedule, generate a feasible solution V;
Step 3. Initialization the cooling parameters:

Set the initial value of the temperature parameter, T,

Let C(V") = the cost of the schedule V'
Compute the move value A= C(V) — C(V)

accept V' as a new solution and set V = V'

Else if e*T >rand(0,1) set V= V'

Else retain the current solution V
Step 6. Repeat Step 4 and Step 5 during L times
Step 7. Update the Temperature Tm+1 = F*Tm, m = 1, 2, 3, -
Step 8. Repeat Step 4 ~ Step 7 while stopping criteria is not met

A NES Ay, SAE A& W 2AZY
+ 1 Scheduling Time Interval®}t} SCSE 3},
SCSeoll &3 W53 A S E carliness penalty score
¢} lateness_penalty scores ©]-&-3l 3l €] cost #2 7}
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Table 3. Parameters of search regions for simulation.

Region | Azimuth | Elevation AYg' dwell Occupancy
time(ms)
1.42
145° LN 0
: u 0~20 broadside:1 20%
3.304
145° o__&()0 0,
2 4 20730 broadside:2 80 %
Reion # of Frame Function Look
1O peams time(s) time(s) | interval(ms)
1 283 2.010s 0.402 7.102
2 329 1.359s 1.087 4.130
AE 50709 IRE FHS AEH oA A7k 27
oF 2029 AIZF Wl AAdetaL, Aol Fgl
Z FHT ol 5ol gA | gkl mHo] A5t
™ plot confirm>} track initialization %! active trackS
TS ofith. @AM plot confirm7HA] €] Al
7k A 9kL- 0.1%, track initializationS 0.1 F712 10
3], active track s 93t 54 X F7)1= 0322 A
gatsith
9] dwell time> ¥ 23 ZFE ol w2 SNR &4
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Atlook = tframe/N
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- Scheduling Time Interval = 10 ms

- Initial temperature parameter, T = 10;
- Temperature length L = §;

- Cooling rate F = 0.95;

- Boltzmann factor k = 1,

- Earliness_penalty score = [10 20 50 0]
- Lateness_penalty score = [30 10 15 0]
- Stopping criteria : T < 0.7
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Fig. 3. Comparison of beam processing latency between
Butler scheduler and SA scheduler.
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Table 4. The average number of processed beams acc-
ording to each algorithm.

SA Butler
scheduler(1) | scheduler(2) -0
N:5070 T:30s | 12,006 11,808 +198
N:507H T:50s | 19,903 19,555 +348
N:807H T:30s | 12,467 12,173 +294

N: AlEdoldd 249 ¢, T: AEdold 3 A7t

oA AlZke]l AdrE A & e W ATt
O BolA & TAlO, e Al E o B %4
o] gA g FH o] 753k om|gtt} Fo7 AZH
o o g WE AT F dve A, deldrt
FOIZ Ak gt § B2 478 AT F e
Seolm, o= #olH 9] AU TEHOE &3l
918k ot A # 7l T FRo7|E
aftt.

4-2-3 Frame Time H|i!

19 47 Butler ¥1 5 ALWS WO SAS
ol &g 2AEY YYEFE HLYS WY frame

time2] W3S HoEoh 50709 F3 0] 20% W

ol A frame timeo] ZF z}o]7} UEH|,
Region 291A& SA €385 A-&437} v &HA

| 28 EAATE, 1 Aol 7] A4 ¢ A
o] fFAFSIEE WHH, Region 1A BE EHo] &
3l o] % AZHS HH, SAE HELAE W9 frame
time©] Butler® Z43S W9 frame time T 0.5%

™

e Y T AAAHCE & W "gAse &
Q¥ Akl o Aol Foi Al Yl @
oltelAl gAE sl 7H&E AE o ol g
& Ao dvlolnh ol EI oA dHT SA
AEA 2AETE W Ha oA el -4
= 2R Aol e, Foixl A7 el B2 W
& Addes AL $9F 4719 d9< 1wy
AL ¢ dves ovjo)7] mEolth

U oA 2AEY A #
t}. Scheduling Time Interval-S 10 m
A 2AEE 7t & Wl M E A
7k it 1247002, oW 2AE
°] 29 ms 22 FH3E &, 10 ms F
Sate] o 724709 W& 2AZ
Zoltt, o] thy 2AFH A o
IA7Hd & BAgskH ARl d elt]

o
20
>
i,
oxl

99 e A Axpel 2ol /i A Az A4
, W A2 7, frame time SHA A SAE A&
2AZE A7t 7189 W Ee vs Aol
TS FAstAh AT oA AF MM d
o] AA #loly Alxde A&317] flsiAE HiE
AAZHY o] BAE oo sttt & 5S¢ Al AlE

He A8

v 2
SN
il
ped)

£ T

i

N
> P
N =

rl

i)

2
Ir i
Ey

> X o oo oge w2 > mr o o
[> o

>{1,: =2 LZ
rir )
=
= oty
08
ko
>
o |o
rlo
wn
>
3
bl R
o
oN
1o
ofN
f rlo

:cé
Lo
by
L)
o
o
bt
o
g
oo
le]

S

=
rid
=
=2
x2
o
rir
S0

203



BEBHKPERGE H285 B2 012628

=

H 5 SA A& 2AZY 28 A7

Table 5. Scheduling time of SA scheduler.

Scheduling Time Interval | B W] 7l | 28 A
10 ms 724709 1 2.9 ms

F3 A7 =4 @7 Intel(R) Core(TM)2 Quad CPU

Q8300 @2.50 GHz, 3.50 GB RAM, +& %1¢]: Matlab

R2009b

Comparison of Frame Time
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Fig. 4. Comparison of frame time between Butler sche-
duler and SA scheduler.
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