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Differential Choice of Radar Beam Scheduling Algorithm According
to Radar Load Status
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Ji-Eun Roh Dong-Hwan Kim Seon-Joo Kim
Abstract

AESA radar is able to instantaneously and adaptively position and control the beam, and such adaptive beam
pointing of AESA radar enables to remarkably improve the multi-mission capability. For this reason, Radar
Resource Management(RRM) becomes new challenging issue. RRM 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 a rule-based
scheduling algorithm and Simulated Annealing(SA) based scheduling algorithm, which are alternatively selected and
applied to beam scheduler according radar load status in real-time. The performance of the proposed algorithm was
evaluated on the multi-function radar scenario. As a result, we showed that our proposed algorithm can process a
lot of beams at the right time with real time capability, compared with applying only rule-based scheduling
algorithm. Additionally, we showed that the proposed algorithm can save scheduling time remarkably, compared
with applying only SA-based scheduling algorithm.

Keywords : AESA Radar(5-5 %173l E#l©]H), Resource Management(A-#-2]), Rule-based Algorithm(7F2] 7|89+ ¢a1
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Table 1. Algorithm parameters, variables, and cost function for SA-based beam scheduling

Algorithm parameters and variables

- Beam Definition : Beam(id, r, p, p_i, k)
id: beam®] 21" ID
r 834 7F(request time), p: * 2] Al ZH(processing time, i.e. dwell time),
p_i W] 4 ¢ @l (beam priority level)
. o] /\;q]zal =4 (SA HA4L 53 AHMF)
- Pr10r1ty level p_i € {1(plot confirmation), 2(track initiation), 3(active track), 4(surveillance)}
I1FE $AT Be SAENE AR,
- ct : current time (XA EH O] o]FAX|= A|7L)
- Scheduling Time Interval = OOms (SAE 53l A& HZ3st & A|ZF +£3h
- 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 = [penalty, i-1 penalty, i penalty, i penaltyy, 4]

AR pi=1, 2, 3, 40 i

lateness penalty score = [penalty, -1 penalty, i-» penaltyy i-3 penaltyy i-4]

HAFEIZ pi=1, 2, 3, 4 3T

For each beam(id, r, p, p_i, k) on V schedule //k =1, 2, 3, ...[SCS|

Let ' = estimated request time of the ks beam

m=k—1
r'=ct+ Z Dy » Pm s processing time of mg 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) //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

scores Hale] AAE o tgk ez 733k

A4 S AEEhd, SAS A& W 2AZYE
] Scheduling Time Interval?}t} SCSE T3}l SCSoll
&3t WSS U S 2 earliness penalty score9} lateness
_penalty scoreE ©]-83l Y cost TS 7HF A 3)
£ &, penalty scoreE 7} FA sl HZH o <=4
2= Zolt}, o|ul penalty score= W2 -9t
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Table 2. SA-based beam scheduling algorithm

SA_Scheduler Algorithm

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;
Set the temperature length L;
Set the cooling rate F;
Set the Boltzmann factor k;
Step 4. Select a neighbor V' of V
Let C(V') = the cost of the schedule V'
Compute the move value A = C(V') - C(V)
Step 5. If A <=0

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

Else if e*” > 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 Tmi1 = F*T, m = 1, 2, 3,.
Step 8. Repeat Step 4 ~ Step 7 while stopping criteria is not met

Table 3. Combined scheduling algorithm

Main Function

Step 1. Set Scheduling Time Interval = OOms
Step 2. Monitor Radar Load Status
start_time = current_time, end time = start time + Scheduling Time Interval
Load Status = Radar Road Monitoring(start time, end time)
Step 3. If Load Status = Overload
perform SA Scheduler Algorithm during Scheduling Time Interval
Else
perform Modified Butler Algorithm during Scheduling Time Interval
Step 4. Update current time
current_time = current time + Scheduling Time Interval
Step 5. Go to Step 2.

int Radar_Load_Monitoring(start_time, end_time)

//Calculate expected Radar load within specified time interval (start time, end time)
Step 1. Current priority level = the highest priority level.
load = 0;
Step 2. While current priority level
For each beam in current level
if start time < request time of the beam < end time
load = load + dwell time of the beam
go down to the next priority level
Step 3. If load / Scheduling Time Interval > (3, then load status = OVERLOAD
Else load status = UNDERLOAD
Step 4. Return load_status.
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Initial temperature parameter, T = 10;
Temperature length L = 5;

Cooling rate F = 0.95;

Boltzmann factor k = 1;
Earliness_penalty score = [10 20 50 0]
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Fig. 1. Comparison between original Butler algorithm
and modified Butler algorithm
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