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Radar Systems Division

Surface Movement Radar Sensor VTS & Coastal Surveillance

Systems

Ship Radar Systems & Airborne Surveillance Systems

Air Traffic Management
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Radar Principles
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A SCANTER 2001
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Radar Principles




Difficulties

= Clutter
= Rain

= Sea

= Ground / buildings

= Random noise

= Other radars
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Sweep Integration

= Beam width of antenna, app. 0.4 deg
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Frequency Diversity

9.170 GHz
9.438 GHz

1} echo

Combiner
(VP3)

'
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Increased power

Time delay between echos
(clutter change over time)

Different frequencies



Input A InputB
8 (L00MHz) 8 (100 MHz) _
Buffer 1
256 (100 MHz
> 1226 (100 MHz) |
1 Kbytes
Buffer 2 ]
! - 1256 (100 MH2)
1 Kbytes
A 8 (100MHz) | Buffer 3 (256 (100 MHz)
\/ ; 512 bytes ]
Adder 1 <5 16 (100 MHz) | BUffer 4| 556 (100 MHz)
- )
S=A+S -A 2 Kbytes
16 (100 MHz) 8 (100MHz) | Buffers 256100 MH2)
512 bytes
5 B'  8(100MHz) | Buffer6 ;256 (100 MHz)
; 512 bytes ||
Adder 2 T Buffer 7 256 (100 MHz ]
< < ( )
T=B+T-B 16 (100 MHz)| 2 Kbytes L
l T . Buffer 8 356 (100 MHz)
16 (100 MHZ) 2 Kbytes >
Buffer 9 ]
! s o 256 (100 MHz)
2 Kbytes
DN | /
NN s
\\ \\ | /////
\ \ RNV
Output S Output T
Arbiter

CSS
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Input A

Input B

| 5 (100MHA | 5 (100 MHA

br oadcast chan tick;

RANDOM_START
current += 1

O

current + 1 < BUFFERS,

initial
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const CYCLE 10; /1 100MHz = 10ns cycle
cycle >= CYCLE
tick! e
cycle =0
—
cycle =0 cycle <= CYCLE

128 (200 MHz)
el — w0

Nvdd

(256 (100 MHz)| | L

5 B'  8(100MHz) | Buffer6

; 512 bytes

Adder 2 T Buffer 7
-

}

T=B+T-B' | 16 (100 MHz)

2 Kbytes

256 (100 MHz
<25 )

LS

16 (100 MHz)

Buffer 8 356 (100 MHz)

2 Kbytes

oL Vs 4

\

Output S

\/

Output T

Buffer 9

2 Kbytes

256 (100MHz) | | £

Arbiter




Input A Input B
8 (L00MHz) | 8 (100 MH2)

const REGSI| ZE 64;
int[-4,2052] buffer;

/'l 64 byte = 512 bits
i nt[0, 64] register

tick?
buffer += unit - (buffer >=4 && register = REGSIZE 74 : 0)

_%i_____________

... 178

Output S

transfer?

Arbiter

Input Buffer | 256 | 756 oo
: Mext fres entry . bits | hits Input Register
| _ .

i

| buffer >=4, tick?

| register I= REGSIZE register = 0

| tick? empty
| register += 4

|

|

|
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Input A Input B
8 (L0OOMHz) 8 (100 MHz) -
Buffer 1
> 1256 (100 MH2)
1 Kbytes ||
I Buffer 2256 (100 MHz) ]
——p
1 Kbvtes
const REFRESH PERI OD 15525;
A
= const REFRESH TI ME 100;
refresh
idle time == REFREZH_TIME
@i time := 0, memaory_state = MEMORY _|DLE Q
i
Wi ' = memory state = MEMORY REFREESH
'
b -0
g time »=3* CYCLE
fime <= g P CYLLE memary_state = MEMORY 4 time <= 4 * CYCLE

Buffer 9

Memory (-ies)

Output S
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Output T

2 Kbytes

Arbiter




Input A Input B

8 (L00MHz) 8 (100 MHz) -
Buffer 1
> 1256 (100 MH2) o
1 Kbytes ||
Buffer 2 ]
d > u /256 (100 MH2) 4
1 Kbytes L
) Buffer 3
o 8 (100MHz) utter 256 (100 MHz)

(gigmgéfcﬁrﬁﬁu::em oy (current == 2 &4 current <=6

. QS,[ f == REGSIZE Y registerfcument] = 0

&é{eﬂerﬁru[gjrggt; ::_M EMORY :'4 - registerfcumrent] = REGSIZE)

= = Bl state < MEMORY 1
tick? G =
- { current ;= (current + 1) % BUFFERS
check A
tick?
v current .= (current + 1) % BUFFERS
|
Q transfer[curent]! Y . O
tick? ~ tick? '
' schedule! schedule?

Buffer 9

Arbiter (round robin)

2 Kbytes

Output S Output T

Arbiter
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Input A Input B

8 (100MHz) 8 (100 MHz) _
Buffer 1
> . 256 (100 MHz) e
1 Kbytes
Buffer 2 ]
. > . 256 (100 MHz) I &
1 Kbytes L
: Buffer 3 ]
A 8 (100MHz I256 (100 MHz)
( ( ) —e

current == 2 && current == B

{current == 2 && current == B ? register[current] > 0
¢ register{current] ==  register[current] < REGSIZE)
. register[current] == REGSIZE) =0
88 memory_state < MEMORY 4 ;“ig"emw—gtate <MEMORY_ 200 MHz)
-~ . i
HEH 'S |8 current .= (current + 1) % BUFFERS g
check A 2
<
transfer[current]!
current ;= {current + 1) % BUFFERS

Pipelined Arbiter Buter 9|

2 Kbytes

Output S Output T
Arbiter




Conclusions

lllllllllllllllllllllllllllll

Final UPPAAL model 21 timed automata and 20
integer variables.

UPPAAL verifies (< 1 min) that the used “round-
robin” scheduler is CORRECT in the sense that no
buffer over-flows or under-flows.

Synthesis of scheduler optimal in terms of minum
buffer size (6 bytes) (Juhan Ernits / Gera Weiss)

Manual translation of VHDL descriptions to UPPAAL -

- ¢(sh)ould be automated.
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Much more to come ...

Danish Network for Intelligent Embedded Systems
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Power Management
Dynamic Voltage Scaling

1000 Sun’s
Surface
Nuclear Reactor ¢ | Rocket
100 Nozzle
g
-!5 *
E Pentium Il ® processor
= 10 Pentium Il ® processor
Pentium Pro ® processor
i386 Pentium ® processor « ‘
1 (-
! ! .
periodic(10e-3) _ _ —
2 |
= periodic(3e-3) - — —— | —
o 5
RTOS —
[ 4
a 0.005 0.01 0.015 0.0z 0.025 0.03

Job Time: 0.701[s] RTOS Tim

Dynamlcally Iowervoltage supply (frequency)
to utilize free CPU time
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Task Scheduling

utilization of CPU

P(i), [E(i), L(i)], .. : period or

earliest/latest arrival or

C(i): execution time for T;
D(i): deadline for T;

T
ready

done Scheduler

-
N

—

stop
run

3
-

T, is running
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{T,,T,, T3} ready
ordered according to some
given priority:

artut
(e.g. Fixed Priority, Earliest Deadline,.."

.. forT;



Modeling Task

) t<=L]id]
t>=E[id]
readly!
T ready wi =
8 done Scheduler i ifi=,~=ci}::i
Ready :
a , t>DJid]
| \
: A/ n4 1| 3 . é i
- stop | e==id
T, run ax==Clid] run?
ax:
Ru { ing t>Did] r
ax<=Clid]
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Modeling Scheduler

Free

nonempty?
4 k@‘ )

empty?

rem!

ready
8| done Scheduler

hd! done?
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Modeling Queue

i>1 and P[list[i]] > Pllist]i-1]]

In | tempslistfi-1],

list[len]=e, list[i-1]=list[i],
i=len, list[i]=temp,
i=j-1
add? Pllist[i]}<=P]list[i-1]]

ready i i len==0
1 Qe‘ Schedule =0 ﬁ&ﬁinl:e
len=1 ’
E empty! e=list[0]
: 4 len== hd?
stop rem?
T, run len>=1
I len =len -1,
i=0

i <len list[i]=list[i+1],
iI=i+1



Modeling Queue In UPPAAL 4.0

User Defined Function

void addiid £ element)
{

int i=lemn;

int temp=0;

if (len==0)

ready { list[len]=e:
- @‘ Scheduler len=1;
1

a else

" / n4 1l 3 : list[len]=e;

L] stop i=len;

T run len=lent+l;

n while (i>1 &£& P[list[i]]> P[list[i-1]1}

{ temp=list[i-1];

list[i-1]=list[4i];
list[i]=tewp;

i=i-1;



Schedulability = Safety Property

May be extended with preemption

A

:(Task0.Error or Taskl.Error or ...)

AU :(TaskO.Error or Taskl.Error or...)
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Energy Scheduling

Using Priced Timed Automata

ready
8 done

Scheduler

donel

“Choose” ax==C[id]"s
Scaling/Cost
(Freq/Voltage)




Cost Optimal Scheduling =
Infinite Path

:(Car0.Err or Carl.Error ...)

Value of path o: val(c) = lim; c./t,
Optimal Schedule ¢™*: val(c™) = inf, val(c)
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Cost Optimal Scheduling =
Infinite Path

/\’//13 __./'\/\____

L G

:(Car0.Err or Carl.Error ...)




Preliminary Results

) Figure No. 1

File Edit View Insert Tools Window Help

! ! ! ! ! ! ! ! !
- ] ; § : ! { ] ]
P ) " " : " . : ; ;
o Periodic(48) — —— — = — z — s
£ : : : : : { : ]
L] o
= !
) ]
& periodic(32) .
RTOS |- : -4
< | ,
0 50 100 150 200 250 300 350 400 450 500
Time [Sec.] Total: 1002 Jobs: 762 [76.05%] IDLE: 240 [23.95%] RTOS: 0 [0%)] DVS: 0 [0%] VF: 0 [0%)] Utilization: 76.05[%] Deadline Miss: O
+Z00M + -Z00M -
. ! ! !
- i E s
B0\~ | | .
| z |
S 40 : : B
: : ] ]
o H H b
0~ ! 1 B
e ? i 1
- ! ! ! ! ! ' ‘“
0 | | | | | | | | |
0 50 450 500

250 400
Energy [J] Total: 45768 Jobs: 48768 [100%] IDLE: O [0%)] RTOS: 0 [0%] DVS: 0 [0%] VF: O [0%] (#0)

LEX

Re-DRAW
Arivals ON

RTOS Active

Power

Speed

P,=D,=32 C,=6

P,=D,=48 C,=18

P,=D;=64 C,=12

EDF w preemption no DVS: avr.: 48



Preliminary Results

® periodic(48)

PrgNam:

periodic(32)

RTOS |- :
| |
0 50 100 150 200 250 300 350 400
Time [Sec.] Total: 1006 Jobs: 916 [91.05%] IDLE: 90 [8.95%] RTOS: O [0%] DVS: 0 [0%] VF: O [0%] Utiization: 91.05[%] Deadline Miss: 0
+Z00M + -Z00M -
80 T T
nl | |
z | |
5 40 : :
H i 5
& : :
o ; E
0+ ] ] : : '
o} | | | | | | | | |
0 —’ | | | | T | | | | |
0 50 450

il 150 200 260 350 4
Energy [J] Total: 44106 Jobs: 44106 [100%] IDLE: O [0%] RTOS: 0 [0%)] DVS: 0 [0%] VF: 0 [0%] (#31)

Re-DRAW

Arivals ON

RTOS Active

Power

Speed

P,=D,=32 C,=6
P,=D,=48 C,=18
P,=D,=64 C,=12

EDF w preemption w DVS: avr.: 43.37



