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Abstract

Whether the height tracker can effectively work on the vertical plane of the new generation of
airborne collision avoidance system (ACAS X) is the key to the design. In traditional research, in-
accurate height rate estimation is a drawback of nonlinear trackers, and linear trackers have de-
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teriorated accuracy due to the “coarse quantization” reported in the report. In order for the
tracker to process the target aircraft state more stably, the research uses quantitative measure-
ment state estimation algorithm, which describes the aircraft state uncertainty as a probability
distribution, quantizes it as Gaussian noise and uses Sheppard correction, and estimates the state
of the aircraft on the vertical plane through the Kalman filter algorithm. Experimental results
show that the algorithm is superior to traditional designs in high tracking accuracy, can effectively
make anti-collision decisions, and provide higher reliability for ACAS X.
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1. 5|15

T NHEAR, RERREMEHET ap IERRE ) S EREREE[1], PP fE R S (Traffic
Collision Avoidance System, TCAS) ) T & f iy AN =1 FE 2 (1A Rt vl {2 o-p BRERZEX KAl R TS
AHAT YW E LR E AW AT P A3, SRS E Mg, AR TRk se2]. Bar, &
BRIGFE ) BT L1 TCAS 1 B2 R AR i FEERER2S, E R A & FE AL 2 5 P | (e 2t v
FERMTTE, kT a-B BRERSSTORMIVERE 1. TEAE S0 FEIRER SR DRI Bk, TR o-p ZeVEDE
B, CRARLRNEIESE RS, Bl R/R YRR ¥R R/RSURNSE, 1R BEEAR N, B SN
ML EAE, FEORZEMAMEINE, vRer= 5 Sl AR 45 R [3].

Bt LA L), A 5% RTCA (Radio Technical Commission for Aeronautics) il 5E ) (HL %R 1 R 4
X (ACAS X)W S ARis AT ReAnitE) » A8 A —Fh &AL I — 28R 7 SR/ IN X ) SR SBE I AL 1 e /N 38 g iR 22
fliTHMMSE) I 777%, % B bR LI m BB AT Al v, BIROIRAS AN e YV M o0 A, B 72
Py e e 75 148 Sheppard AR IEAREEEAL, 8IS R/ SRR HIME, 21 HFR CHLI S BOWIME, 78
Ji 1 BAR RLAE T BT ) b1 e B R R A IR R SR vt S5 07 1 [4]

2. o-p BREZERISIHIRIR

TEAE SN B RS H, SRS DL 25 ft SR AR s FE AR S I, e B BR R 2% K FH D8
A2 o-p UEBERS, IXPUER T I R A S A 8] F 5]

o-B YEPL AR ET R S HIZ B B AR — R e pE g A, HOE UM Kalman SR s AHL . Zeid — B il
AR PIE, EESNEEZ WAERERZE, 06 A ER WIS SR IREARE, RHEE
) a F1 B HAL, ERRER o BRIEWHLH S BEAG T, (R B 3R AR 22 R AR IE KL i B Ak it

Z = 2k|k—l +af, 1)
Ek = £k|k—l +(ﬂ/T)fk 2

R, 3 RN, I, REEK— BB, 2, R SR, 2, 2R B,
NV RIERGNFGENE, o M2 MRNUIEE, #e: 0<a<l, 0<f<2, 0<4-2a-f4.
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3. JELR M S RERARIE K R

XF T S A 25 ft Ml C K 100 ft BALKE R s LR i, BN “HEAL” HE LRI AL R B MR ER R
BYEREMI A . N T E R R T IR AR BE, TCAS I {1 ALk M IR R AR (6], LR ] — i &
P AR P A B s D v A A R A B U, TR i 2 Al S e o v A S o P I T F <
TR TE 1o

B YA E A Ng +e,q > HA N AR HO0< g, <1, &, & CHIWIGE B EAERAKEE Y q = 100 ft )
EERAE A E, W LA

z(t) = Ng+e&,q+2t (3)

ABBEAE [R]— I &) TRV A i PE AR AL R AELE , RAHLE — i B EALR 5 I TR

T =|"§| @

TR AL = AR A AL THE N

A q

=d = 5

2=0 3 5)
KG)H, d RRBIEHEE RSN S L RoRmEN, -1 RREERIK). WL E T BE
SRS A E B TR 22 A R A 2 S R A A T, T/ &R 2 th R e R e, il
TERT RS I A T T eI A B 2 A v LR S I RIS A T, SRS B 2 v R A
HE 7 .

4. ACAS X B IREEZE

TCAS RSMERERAS B 7074 1 B R B Sk 1h, 1 ACAS X A27E TCAS I [FJEAl -2 —
KAV RS, K CHURESHEE e B IBEN, XFERT DLkt TCAS Bt )R BR 1, ARk A ik %
IR SFB M, RO B 1 L R PR AR 2 [7]. ACAS X [IEREEZSUS ] T TCAS FRIEE 3SRt LK,
W 5 I = 4% (8] H AR IR IR 1087 /K PRI B ANE RS, 3 it 1K BRER 2 AN B IR R RS . 2R
HIREF AR AR = B ER R A, T E AR CL A v B R v B 2R AT RS AN

TEHLER B 1 RS ACAS X 1, Esh A HGE C/S M MRG0T HAR KL R . = RS
B ATARIER R IRERAS, XTI 0SB TR TN8], BE TR T HAR LI B 7 Atk
DA, AN — DB SR A rT FEE B [9] [10].

4.1. SEREFREZLRE

MU B R GUK U B 0 B bR CHUE R, S5 A ARNURIA B B 555 S AT 50 DG . s . Touul
FEHTAE AN, SRS B PO A T ML KT, NG S R AR A T SRR . X H AR R LR EDR
AMERES, ASORSRm 1 R AT MFRE Kalman P83 52 5 E RN 7 R Z i THMMSE) A ZE & [11], M
AT mEREST, FRAELEN Kalman #3775, HURPI#E RS ACAS X i 15 BRER 35 11 4504 Ab 7
P 1 poR, HEAARSCIUP R

Step 1: # Hbr CHLIZSIEAL, 193] H AR CHLAPIRZS 77 BRI 200 75 72

Step 2: Xt B bs CHLIHI LR A AR 2Z 1 W7 2 AT W06 1k s

Step 3: {1 k— 1 B ZIMH T, X Kk B %0 BARPPIRASIAT — B, H it H— SR ZE 7 2

Step 4: 145 H (1) RGUS A A B K — B TR 22 B 7 %, T Kalman 3 25 s
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Figure 1. ACAS X height tracker data processing flow
[ 1. ACAS X = H IRER =2 iR IR A2

AR IAEARME Kalman S8R IEERL [, S0 1 A H i FE AR A AL i 23, 7T DU 3% 22 v FE A
KEK, 1] Kalman JEEFINMEAE IE H AR WHLET m EEIIE - FHEE T TCAS 11 AR 2 M pE P SRl -~ 1
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42. SEHEHEN Kalman RESET

AR HARERER e 2 H K2 A BAE R RIS 2, ASCREA 7 B A i il B
NETTRZERETH(MMSE) Jrik, JLB B RS 7 Beflith 8595, SR B Bl B T 0 A1 pR AR (Bl 42
ML 2 L R AR T

(x-n)?

{B 8 EIBRAG e e A R oA, R RS AMEE A, B f (x) = ;géﬂfﬁﬁ%ﬁ&¢@
T
BIMERERE, H d RRBER A5 .
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g(l):z+t[(2|—1)—L]% )
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N T BUENLEP i R4t ACAS X i FEERERBVE IR, A IS RTCA DO-385 nifE, ML KATLE
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Figure 2. Quantitative measurement of Kalman filter simulation effect diagram
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Figure 3. Quantized measurement Kalman filter and the standard Kalman filter error comparison diagram
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Figure 4. Quantified measurement of Kalman filter and a-p filter error comparison diagram
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B XHIMEER, B MMSE RS AT SE T AR 20 DO R s i O 25 1, B IR LINE 7 22
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