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- Integrity Update Rate Data Link

SSR
Mode S
Range: 250NM Antenna Range. 30m Downhnk Aircraft
Probability of rotation time: Azimuth: Parameters
detection: >97% 4s~12s <0.06deg (DAPs)
Multi
lateration A O O A
Based on the Refresh period: Based on the Limited to use
location of <=1s location of
ground stations ground stations

ADS-B A O O A

Range: 250NM  Refresh period: Position: 10m  Limited to use
Not all aircrafts <=1s Altitude: 25fts
are equipped
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Mode S Radar

= Surveillance modes

-Elementary Surveillance
- 24-bit address
- Position
- Altitude, ...
-Enhanced Surveillance
- Ground Speed
- True Track Angle
- Track Angle Rate, ...

Buw  Jwm Elves Womous (oms  Eine

Monitor

24-bit Address

Mode S ¢ Downlink Aircraft
Transponder Parameters (DAPS)
Reply Interrogation
Controller Mode S Radar




Mode S Radar

- Elementary Surveillance

= stack List Z=5 Aircraft @ Sensor J Map E preset W Tagchange 0)) wind I3 Rreplay B3 rec
/04/18 10:59:50 JST :

- 24-bit address
- Accurate Position
- 25ft resolution Altitude

>

REALTIME
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= Enhanced Surveillance
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Mode S Radar

- Experiment System in ENRI

- Update rate 10 seconds
- Coverage radius 250NM (450km)

- Update rate 4 seconds
- Coverage radius 200NM (370km)
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- - DAPs Capability
* Network Coordination Capability
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* IMM (Interacting Multiple Model)

R(k=1/k=1),P(k=1/k=1), g (k=1) R, (k—1/k —1),P,(k —=1/k =1, i1, (k — 1)

l l

Interacting / mixing

l l Al(k)a /Jl(k -1 Az(k)aﬂz(k -1)
RK-1/k=1,P°(k=1/k=1)  R(k—1/k—1),P°(k —1/k 1) l l
A(K) «— Fiter1 [— z(k)—> TFiterz [—> A,y(K) M°deUI;ré’:tzbﬂity
X (k/k), R (k/k), 1, (k) X,(k/k),P,(k/k), u, (K) l
l i /~l1(k)nuz(k)

A

Combination of estimates

R(k /K), P(k /K)
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- IMM FilterDFEIRE
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- IMM FilterDFEIRE
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= System Architecture

Tracker
IMM Filter
> Mixing «
!
Estimation, Smoothing, .| Mode probability
» Likelihood calculation update
& A
Combination <
Position Maneuver
Processor Detector

,i,f'i,; T "-—-—-\:;/\*

Mode S Radar DAPs Monitor Position Monitor
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- Detection parameters

C, =V (K)-V,(k-1) FREHRET/I.MEFERETIL
C.=Rk-1D)-Wk-1) FfEERETI

= Initial tracking period

if (C, #0), then
b, (k) =min{p, (k-1),p, (k-1), py (k-1)j
W, (k) =mid{y, (k-1),p, (k-1),p, (k-1);
p,y (k) =max{p, (k-1),p, (k-1),p; (k-1)}
if (C,=0&C_ #0), then
b, (k) =mid{p, (k-1),p, (k-1), p; (k-1)j
p, (k) =max{y, (k-1),pn, (k-1),p; (k-1)}
sy (k) =min{y, (k-1),pn, (k-1), p; (k-1)}
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- Later tracking period

if (C, #0&p, (k-1)<0.5), then
K, (k)=min{e, (k-1),e, (k-1),e, (k-1)}-0.2
u, (k)=mid{e, (k-1),e, (k-1),e;(k-1)}-0.1
u, (k)=max{e, (k-1),e, (k-1),e, (k-1)}+0.3
if (C,=0&C, #0&p, (k-1)<0.5), then
K, (k)=mid{e, (k-1),e, (k-1),e, (k-1)}-0.1
w, (k)=max{e, (k-1),e, (k-1),e, (k-1)} +0.3
U, (k)=min{e, (k-1),e, (k-1),e, (k-1)}-0.2

» Prediction error rate

gi(k -1)

Z gi(k —1)

i=1

gi(k_l):|xm(k)_ Xp(k_1)|+|ym(k)_ yp(k_1)|

e.(k -1)=
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= Comparison

- Parameters
Model Process Measurement
noise noise
Constant velocity 0.01g
Constant acceleration g 60m
Coordinated Turn 0.1g

- Model transition probabilities

- 0.95 0.025 0.025
P=10.025 095 0.025
10.025  0.025  0.95
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RMS Position errors

R

= Computer simulations
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 Practical experiments: RMS Prediction errors

Sampling time Measurement RMS error (nmi) %Reduction
(sec) points Proposal IMM
[0, 100) 62 0.0442 0.1006 56.06
[100, 200) 51 0.0657 0.1022 35.69
[200, 300) 49 0.0433 0.1022 57.63
[300, 400) 37 0.0673 0.1331 49.41
[400, 500) 44 0.0432 0.1111 61.09
[500, 600) 48 0.0427 0.0807 47.16
[600, 700) 64 0.0311 0.05 37.73
[700, 800) 57 0.0317 0.0601 47.33
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o IMM

RMS Prediction errors
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