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Abstract: In complex electromagnetic environments, pulses emitted from multiple unknown radar emitters are highly
interleaved in the time domain. Conventional deinterleaving methods suffer from performance degradation because key pa-
rameters, such as radio frequency (RF) and pulse width (PW), often exhibit high similarity to one another. In contrast, pulse
amplitude (PA) is influenced by underlying physical mechanisms, including the antenna radiation pattern and the beam scan-
ning mode. This is particularly evident in mechanically scanned radars, where PA presents recognizable envelope variation
patterns that can provide supplementary discriminative information for deinterleaving. Based on this premise, this paper pro-

poses a radar signal deinterleaving method founded on the joint use of time of arrival (TOA) and pulse amplitude (PA).The
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proposed method first analyzes the temporal variation patterns of PA under different radar operational modes. Inspired by
density-based clustering, it identifies pulse subsets with similar geometric morphologies in the 2D TOA-PA space by com-
bining constraints on neighborhood radius and local slope variations, thereby generating an initial set of cluster paths. To ad-
dress the fragmentation of co-source tracks caused by missing pulses or noise interference, a cluster path fusion method is
introduced. It screens candidate path pairs through temporal overlap, calculates global and local slope entropy to assess PA
trend consistency, and employs the Hausdorff distance to measure spatial similarity between paths. This process merges sim-
ilar paths to reconstruct physically plausible PA envelope tracks. Finally, a first-order difference histogram is constructed
from the TOA sequence of the fused tracks, and pulse repetition interval (PRI) candidate grouping and parameter statistics
are completed through an associated pulse pair analysis. Experiments are conducted in four simulated scenarios, covering
various combinations of missing pulse rates and noise pulse rates from 10% to 50%. Clustering performance was evaluated
using four metrics—purity, F-score, Fowlkes-Mallows index (FMI), and adjusted rand index (ARI)—and benchmarked
against seven mainstream clustering algorithms. The results demonstrate that the proposed method significantly outperforms
the control group in overall performance. The path fusion mechanism effectively suppresses the generation of spurious emit-
ters, enhances the temporal continuity of clusters, and improves their correspondence to true emitters. The average relative
error for PRI estimation did not exceed 0.6%. In summary, this paper performs an initial sort using joint TOA-PA features,
introduces a path fusion strategy based on spatio-temporal similarity, and conducts the main deinterleaving via a TOA first-
order difference histogram to achieve robust PRI detection. The approach is well-suited for deinterleaving unknown emitters
in non-cooperative electronic reconnaissance. Future research could focus on the adaptive tuning of clustering hyperparame-
ters, an evidence fusion mechanism for multi-epoch deinterleaving results, and validation of generalization performance on
measured, real-world pulse descriptive word (PDW) datasets.
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d(A4, B)> & giguancer R IPRAEAAHL
Hod € distance D TR I R - N d(4.B)=

max(SUP infll a=b |, sup infll a—b ||
acAd beB beB acA

3.2.3 HECBEBRZEAHITE

Xt R AU SR AR S R LA I —A
BRI . AR RR b, B LR SR AL i B[R] ot 4
N7 (B 2k [0 s HE R T BEA7AE I B A LA IR
DL 3.

4 KBWESH

4.1 KIRINE (FEHBESTLIE
4.1.1 ERWKEHRE

7N S 06 FH A 4 3R 4% R 12th Gen Intel (R) Core
(TM)i7-12700 CPU 2.10 GHz, ##4F & 48 /& Windows10,
A2 Matlab 2021b I Python3.7.
4.1.2 FEHIEEEE

AR B RIS IR o e BAR EA & T TR IA
FEETIR . TEA R BRI AR I Dy B RS T SR 20]
SR, 5 R TS I HE M RE Y GRS B, AL TR 1
HA RE NG 254550 . i 225 B e
SOy R E P W T I S EGE F, 40 PRI RF AN
A PRUIESL . (i T REPHSECE w55
SRR L 2 R T JhK e R 1 DG AR S, I R
IR AR ST R . 5 BAR5 FEASE &R AL PRI A17E PRI
BRI AR AL R 248 43 4 A T TR ] S A8 % Jok
PR IEA T I e 25 2 R v TP A 2, 336 gicH e 1 5 4%
P BARRN R ERENSENE TR . ERBRE
HIN 109%~50% 7B 4k, HARSCELT | 23 R 95 1% % 2 R Bl
B3 3 — 35 43 Bk o 4 Ay i Jik o O DA 52 485 e 91 R RS B
SR I TR A kb R e T 25 i i TP A L A
TEK T S50 Bt B b, 41X RF.PW  PRIFI DOA %55
BT JI0 e JUT e 7, 4% 2 5OGE g 1 g ST 7 b o 25 18 S A
KT RF JEH] AR 2 25 6 F PRIVE S, AR 22
10T PW ], bRIEZE 2 0.1 %0 T DOAIRE  brifE 2=
1 X TR 0 PA T AR7E2E 5 0.05.

BUAI IRV T WS ok i, 52 48 Fik o e 91 v s s
Jik wh AT B E RN 10%~509% 254k, , o ik oh 30 th A
AHIE b 8] P ik b Ay it AL I 7 ik . JFE e R S o 11

(12)
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HiE3 RERES

BN FEALTB A 2 paths, 2R ML R o, A I
FUEREe, . ZRAEPE R,
W 5P E SRR A merged_paths
merged_paths < %551 5&
WHILE paths JE25 DO:
reference_path«—3#2H paths H1 (1) 25— S5 42
similar_paths<—{reference_path}//# i AL F L BEAZ 4 &
FOR i FROM 1 TO len(paths) —1 DO:
candidate_path<— paths]i]
1A I ) B 5 2 05 2 2R
is_overlap_ratio <— calculate_overlap(reference_path, candi-
date_path)
is_similar <— FALSE
IF is_overlap_ratio THEN://i1-53 4 Jay i e A (L&
temporal_similarity‘*%)% E‘J'W*H{u‘fi(reference_path, candi-
date_path)
THEN:

IF temporal_similarity <&, |
Y < Egoba

spatial_similarity <— %3 [A] #{Ll ¥ (reference_path, candi-
date_path)
IF spatial_similarity <& THEN:
is_similar«—TRUE
END IF
ELSE: /5T B AL
temporal _similarity «— JRIFBHS 5 AR L (reference_path, candi-
date_path)
IF temporal_similarity < &, THEN:
spatial_similarity «<— 23] *ﬁ{u'ﬁ?(reference_path, candi-
date_path)
IF spatial_similarity <g . THEN:
is_similar <= TRUE
END IF
END IF
IF is_similar THEN:
similar_paths<—similar_paths U {candidate_path}
DELETE paths]i]
END IF
END FOR/E T #42
IF len(similar_paths)>1 THEN:
merged_path <— concatenate_paths(similar_paths)
ELSE:
merged_path <— reference_path
END IF
merged_paths<—merged_paths U {merged_path}
DELETE paths[0]
END WHILE

RF .PW . DOA 75 [l S 43 A e PE U T - RF A6 Y 5] 7
A, Y[ 1000, 12000] MHz; PW G 2) /04, Y0
FlR[1,10] ws; DOA NG 4045 ,JE A [0°,360° 1;

PA G510 A0, Ja A [-90,0] dBm. PRI, 78 45 i
A4 Tk R B, F A B Tk e R i AR bk o, AR Al
VEE 1 5 SRBH LR 15 fk | AR 90 e 7 Jok v 36 A4 i B
HLE S ik o I 5 BCSE Bk b P 905 0T e e AR G
IR FIR R 2= . o T &—FRik, P (a,b) 535
R U ok o S TR P Pk ol e S B0 E, W1(0.1,0.2) 3R
7T K 38R 109% , B 75 ik 56k 20%.

PFESCRA R T 4N s R 245 B
JIT A P 5 U () B AL, it S UM I A S B X
A A Jr B IR 5 SR R A A 4 i, A AR
Jik b gt 2 s R A0 e B0 A 1) TO A TP G R 52 30
ik 4 28 s Ab L
4.1.3 BEXSHIZE

A TOA-PA REFIL I K 5 A E . JRE X
S S T BN, ISR A s (H
JE L ELAT WA A A 40 B R S, T AR I 3 S AR
YA, N2 3 FTR
4.1.4 FTRAEIIE

R TR PR AR A A BN — B, R Ik ko
B ST T 58— 1 PR R 08 D B A R A /D — e R —
1k, G 1R T ES R4 T Bk B s g D T 09 3 4k
ATRARSCR B/ 1 (a) 2 B iR B oA, T 1(b) S 4 B
W VR DB I R B3 3 A, JH 21 ik 5 B 2 M s ok o
e/ KRIH— Ay S A (13) P 45y

xl.j—mlnxj
x'= maxxj—minxj (13)

4.2 XTLEEZXESEMNIERR
4.2.1 MHEEE

T B UE TR A A R T 7 A RS
Bk AT PEREXT 4445 T K-means ™ | DBSCAN , MS
(MeanShift)®" | AP (Affinity Propag-;ation)[32 . GMM
(Gaussian Mixture Model )’ SC(Spectral Clustering) **
LK HDBSCAN'™'. 1E S ie B 7 11, 4 1 A UEAS A 5
HTEBRAUIRE T 247, K-means .GMM 1 SC{#i FH T 52 Fx
FENEAE SR 280 A Tl 0 D0 5 X 4 K
SR EEROR . Tk SR A e — i Rl ALY, 5
B Hp BRI O VR B HEAT T 50 IRBEALIR LR , IR -1 4%
AN B A

TE W43 16 [y BE 38 B R B DOA \RF . PW 34k 1
FBERAFERIA . 2 JB/R T 3T DOA (RF \PW 3 44
fIE G 7 At FE IR TR AT AR 45 SR i R 3 W R T
L TOA .PA .DOA .RF Fl PW 5 4R AE A Jy i AT A 58
FROR . M e 4Pl LU 73R 1A A TOA-
PA {142 HAT B W A 45 REAE . (IR 2 5 18] 3 /% L
SESTT 4, M T TOA . PA . DOA .RF Fl1 PW 5 4E 4R 1F i
AL A DOA (RF \PW 3 ZEAFAE R T4 143108 AN [ 1Y)
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*1 HESREHENSHIEE
Tk S Fik1 Hik2 Hik3 k4 Hik5 Hik6 Fik7
RF 27 Vi 5 I 5 Vi s G4 g = AR
RF/MHz 6017,6 517,6 717,6 917 6517 6910 |6316,6416,6916 7120.7320. 7120,7 320 6 750~7 050
7420,7 320
PW 268 3k $lah £ 87 £ 87) £ 87 £ 57 £ 57)
PW/ps 3 1 3 3 2 3 2
PRIZSHY 27 AR E2%7)) 2745 27 iz 2748
PRI/ps 400,400,300,300,200,200 | 99.4,699.4,399.4 | 699.4 700,300,900 | 899.4,699.4,399.4 600 300,300,700,700
DOA/(") 71 68 70 78 80 75 73
PA §i Fil/dBm [-56,-12] [-63,-26] [-58,-21] [-42,-17] [-43,-23] [-46,-29] [-63,~54]
*2 NEBEHEREE
i 750 Y2 W3 Y4
ikl N N N N
Hik2 N N N N
Fik3 N N N N
Hik4 N N N N
kS N N v
Hik6 N N
Hik7 N
£3 TOA-PA BEEXHHME
222 {1 44 ik [ {EAF 5 ek S
1 BRER radius FHTHRE 24 U A RIS E Uk A2 1Y — 43 [0.16,1.38]
2 IR theta FHF sl B2 mh i 28 (R [0.091,0.41]
3 A Jry LRI B (E £ o FHTHE 2 JRy3E N S AR AL [0.05,1.95]
4 SR T AR S [ £ FH T Jay 85 L N 5 AR AL [0.05,1.35]
5 23 [71] 1 88 R 1 & e P52 2 A 28 ) _E B 22 [0.25.4.81]

(a) &I AT K b ECE
K1

AHEAE S . L, A SCHE 5 25t L s gi i, 7 Aot b
YR DOA (RF F1 PW 1 Ry i ARRAE , 28 SCH A
TOA .PA .DOA .RF FIPW 5 4E4FMEAE J i A .
4.2.2 Frigtr

FERIE P B PN R bR B T A A
BRLER R EEMEN . ASCRH T LR 404845
4l (Purity ) F A8 (F-score) ™" 8 /K 78 - T ¥ 3 45

(b) VBB kb Eic Al

ok b e O i S R

¥ (Fowlkes-Mallows Index, FMI) 8 Fil & 4% % fit 2 %¢
(Adjusted Rand Index, ARD) ™. B A1 Sk fli o B e gt IR
5 EH (Ground Truth)AR%s 2 A1 09— LLF &
XU R bR B A% K X

TEZ AR PRAT, Se I E SCLA T 4 BEAME &, 7E
RAAL S T2 R AR 5 BRI A PE RS
AU 4FE B : (1) B FHYE (True Positive, TP) S48 8 2
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PA/dBm

00 02 06 08 10 00 02 04 06 [ 10
ToAs

(e) SC
%2

) 06
TOAs

(b) GMM

04 06
ToAs

() AP (g) HDSCAN

Yt 4 T 3YERMERI AR 7 PR EIL SR

(e) SC
& 3

FKAPANNE T A2 HAE B2 i 52 s T [ml—
LREA X EC 5 (2) B BHYE (False Positive, FP) J& 45 #
REAPAN R TR —2 (HAE E AR A 8 T e —
HREA KT ECE 5 (3) A (True Negative, TN) 245 78
HAR R T A — 26 (BPR A A R 3 BN [+]
HIIREASIT B ; (4) BB (False Negative, FN) /&8 7E
AR AN E T W —28 B RIS EE B o B
[F) 2 A

(D4l

W C={C,,C,,-.Ce} I R K W45 R, T=
(T, Ty, T} R LSRR RS A 32| C N T | W5
IR E TH A LSRR AR . Sl S

(g) HDSCAN

(f) AP
Yy 4T 5 dER e A B 7 Fh R 2

Purity = %imaxj‘ C,ﬂTj‘ (14)
=1

Horbr N R FEA GH, KRR, C 5 i RE,
T2 .
(2)F 1
FH 2255 7% JB A UE R (Precision) FTEF 4 % (Re-
cal) FIPPAL T 45 , B T o0 SRR SIPAS . F (R I I/ A
SRRV 2R bR JUHIE T TSP ATEOE AR . F (B
FE XN
(1+p?) - Precision - Recall

B - Precision + Recall

4 beta=1 I, 15 2] A9 R AR UERY F (B . H i, Preci-

Fy= (15)



o9 1

ARG A < BT I - D M SR 2 A R R IR S IR 5 i T vk

3265

sion=TP/(TP+FP), Recall=TP/(TP+FN).

(3) /K S 7T 7% i 4 45

FMIE AR EAS 2 4~ B2 25 A 6 b, B i
SE VTS L BH A A B R AR B R A i R RS
B R AEAG  FMIEE SN

TP
/(TP + FP)(TP + FN)

(4) V% 2 1l 28

I 2 8 2R KR BRI 1 1Y Rand 95 50K A LR
K EAIhREZ I —EE . ARLE XN

RI-E(RI
ART= X (RI)—(E()RI)

bt RUZ Rand 550, FRFEART 1 — 2t . E(RD 2B
WLERZEM T B E . max(RI) & Rand $8 5000 KAE .

Purity , F-score Il FMIBUEE FE [0, 1], R K UL
SR 25 R 5 SRR AT s ARTHUE SR R [-1,1],
BB AU I 2 R 5 S B 2 — SO o
4.3 WHEHRS S

AT K RS AR AP 545 2 7 T, % AR
) SRR M PEREDEA T 40T . AR 4 (5 Bl bk o

FMI = (16)

(17)

(a) K-means(k=7) (b) GMM(k =7)

(e) SC(k=7) (/) AP(damp=0.5)

SN ik ph R AN R LG, T 5 g5 4 T konp 5
FIIE 75 ik w3 51 2 (0, 0) F1 (0.4, 0.4) By 20 47
ST

Kl 4 Jgm T ATk &R AT T4 %4,
8 T AR T AL 25 S | i 45 SRR AE 4 TR bR L T
5 SR R 4. R 4 Rl R 3, 7E 2T A F6 A
FEEE T, GMM 53k R B A, P S 3 A Sy
i 4.86%. ML 4 () EDWACR VT LLE R4 GMM
TE JRy ¥ DX e i 77 A D ko iR 2 I 4, (H KR K
AT B TE B R 2 =X A PA U4k | sk I
T GMM RE 638 1o 224> 157 107 53 A Y e Mk 21 G 7305 HiL 4L
BB A RGRT AR AR X AR B R 4
¥ 5ZAR G, AR S AR A TR R — S ik il
5910 A M 7 L[] R A4 AR 43 Ik b B e PA A 265
MR TE A 902, 5 R0Ah BT 40 2% il £ TR 28 R bk b 52 Al
B 1) . % T DBSCAN 1 HDBSCAN 3K 3, H 4 T 45 5
SERIE A3 R 75.76% F1 78.41%. 2 F B A b B v 2%
JEE DXl Bt A oA H 8 3 BB I 2 X SR R 43 PR —
R Ik b B 2% B o3 A AN I BR S A EE R, 2 il
PR A3k vp U A SRR A A 10

r) DBSCAN(eps=0.138, min_sam-

ToAs

(d) MS(bandwidth=0.142)
ples=10)

(2) HDBSCAN(min_cluster_size=14) (h) TOA-PA(radius=0.29, theta=0.12,

ggl\)))al=0'45 28,=0-45, 8, . =0.64)

&4 8FMERIE AR5 4(0, 0) Ay AT HLALEE R

20T ok b MR K o R B4R R 2R 0.4 I, WS
7R LU B Y 4 TR AR B T ORE R R SR, A
SCHTHTT M IR IR A, PEREAINS 245 T 13.02%. M
P 5 AT UL, AR SCOT AR IR RE RS K 48 R 22 J0bk o e dls 1E 1
30 3 B XN PA L4 RN, BT 10 ik i 25 2k
IR P T4 A B R PR A X FEEEIH T TOA-PA R

B AT SRy LA R AR DL 5 J A B AR 7 7 1 )
DE, RO PA A2 2 B M, AR T 3R 20 M Al
SRR R R A R AL .

N T RAIRGE I Dk o 20 FIGE P e 3R A 37557 1~4
TR 8 BRI LA RE R BARRL M, JFJE T RSG5
Wk 6 s, 4 —17 AR TR TRk bR AF 5T,
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F4 TEBRXHEEAEHZ4TERE
ISUIES TN RS K-means GMM DBSCAN MS sC AP HDBSCAN AT
Purity 0.853 1 0.899 1 0.853 1 0.853 1 0.5929 0.791 2 0.936 3 0.869 0
F-score 0.773 6 0.8413 0.742 4 0.773 6 0.540 1 0.672 1 0.742 5 0.788 4
(0,0) FMI 0.782 5 0.841 4 0.745 4 0.774 6 0.5526 0.673 8 0.753 3 0.790 2
ARI 0.715 1 0.8125 0.689 7 0.729 1 0.433 1 0.606 5 0.704 1 0.752 4
Average 0.781 1 0.848 6 0.757 6 0.782 6 0.529 7 0.6859 0.784 1 0.800 0
Purity 0.6317 0.784 7 0.917 8 0.8329 0.634 6 0.858 4 0.818 7 0.949 0
F-score 0.500 2 0.784 7 0.658 9 0.636 8 0.516 3 0.563 9 0.595 2 0.928 1
(0.4,0.4) FMI 0.636 3 0.802 6 0.680 0 0.641 7 0.5172 0.583 6 0.597 1 0.928 4
ARI 0.550 1 0.735 1 0.614 0 0.5799 0.4218 0.507 4 0.528 1 0.9153
Average 0.579 6 0.776 8 0.7177 0.672 8 05225 0.628 3 0.634 8 0.930 2

(/) AP(damp=0.71)

(¢) DBSCAN(eps=0.018,
ples=4)

LOJ

(g) HDBSCAN (min_cluster_size=10) (h) TOA-PA(radius=0.36, theta=0.11,
8‘,{|n}u\:O'35"%u«’..\l:O'557gdm..\nm:O'Ol5)

&5 8FhERIEILAEY 5 4 (0.4,0.4) L AT PLAL S,

Fifi 5 M 75 ik b3 DA 109 388 M2 50% , £5 RASTEIL ) FMI
A AR AR B0 5 10 B — 30 D) JEE 7R 1 A A (] M2 7 Jik o o3
AL AN TR 5 b T Ik b 3435318 10% ,20% . 30%
40% Fl1 509% B , £5 FR IS FMI R I

P[] — R Bk iR AKSE T A SO 55 1~4 Al
XoF T H A 7 AR E R T S FMI(E . Wk
B, DBSCAN F1 HDBSCAN 557 32 B 1 — 2 1Y ek
{HAHES T GMM H 3k i AN AL . T 7 [ — 3 55 Uk e
FBARFR AT AR SO RES NIk R &, 3
R F e DAL FHAR R HRERI . 256
AR AR 22 B s A ke R D A AT AR
RAF L, A SO FMUE AR FE RT3 , 16 RISk fg
B

h T ARG HITAL 8 PRI L R ERE 2 R R A
AT L TR R 5 5 B AN [ I K i 5 R R

kb5 T, W B R R 2R EE T8 bR BUE 5% S
R R AR AR AT X TR 2R, R
REAP R 0 22 R AT R, 45 B AE 45 5 T X R R
PRiy 8 AR Bt 22 5 45 R & 7 B

7 R T AR IAEAE 4Fh g5, 2T Purity
F-score FMI ARLIIX 4 HEFRIY Rt 255510 . Rt
AT AR AT, R T SRR R R S
AR IR ESFRE . K-means B IETET A T8 10 B2
SRR T AR s APFERR 1 7E Purity F88 R A NS
FEIA, AEHA 3 TR bR 1Y S 125 44 ) i s DBSCAN
A AT R T S22 RO RUE s GMM Rk
IR R 76 3T hn T A BT 25 AR FA SO .
MASOTRAE A a1 Rt 22 R B, H& 50T
WIS . 28 B RNR  7E 4 FhiZ 50 S AR IS Fabs T, AL
I Bt 2 A AR T HoAt 7 RS LU EE L X Rk



%09 M

AR A5 - I P - KRR SR SIS ) AR T 3k

KR SIS 5 7 17 3267

WIASONEAEAR RS ST A St by L AR HE HARE H

P AEVERE , BAT S A SRR PR RE AN 97 55 1 A

100 100
» 95 9 [~ Ko
Y E— S — % 90 DBSCAN
85 85 85 [——MS
[—+—SC
80 — 80 50 D
=7 ——_h - P T =5 —— = CAN
7 L2 & g . i\ B o D % 70 b— — Ak
60 P [
55 — 55 _ sE— N— =
50 — — —_— OS] — — T o
45 & a5
40 " “
10 20 30 40 50 10 2 30 20 S0 10 20 30 50 1o 2 30 a0 50
Tk % Tk % TRk /% Tk %o,
3 iy 5% L R e 3% L SRy 3%
(a) Hp5t 1wk P 10% (b) s 2 Wk 10% (¢) Y3 3k b= 10% (d) Gyt 4wk 10%
100 100 100 100
95 95 ‘ 95 ‘ 9
20 90 ‘ 90 ‘ 9%
i —
85 85 85 85
80 80 FS = L 80 /\1 — 80
£ — S —— _— N — —p — = e 75 P —— — + =7
S 70 === ~— =R — — S 7 = e ERl -
s =65 — 2 65 g <
60 60 = Y S—— ~<] - ) S
55 — — 55 — 55 55 —
50 50 50 50
s 4 45 i
40 40 40 40
10 20 30 40 50 10 20 30 50 10 2 30 40 50 10 0 30 I 50
FHtkih 3 % R SE FAR I % AR %
E=REE ih > RSN ¥ o % N 3 v 32 3 iy 322
(e) st 1 whkuh 20% (N Gyt 2 Ik 20% (g) Yot 3wkl 20% h) s 4RIk bR 20%
100 100
% % | DBscaN
" s
| sc
80 I e S— e
o 75 — = — . HDBSCAN]
R ‘G : A=z
=65 ~ = ~
/
] S s e = |
50 — 50
45 45
40 40
10 20 30 40 50 10 20 30 40 50 10 20 30 40 50 o P o o 0
Tk % RELL e Tk % Tk %

() st LRk eh 2R 30% () st 2 Bhk b4 30%

(k) 55t 3 UK 30% () it 4Tk 30%

100 10 | 10 [—=— K-means
95 95 I % GMM
90 90 ‘ 90 |—+—DBSCAN
85 85 85 T Ms
% ) b “ —0
=7 = = o IDBSCAN
ERS ERl ER=—— [ A0k
Z 65 =65 B 65 b—
60 60 60 =
55 — 55 55
50 50 50
45 45 45
40 40
10 20 30 40 50 10 20 30 40 50 10 20 30 40 50 A 20 30 W0 50
R 4B %1% TR % A %
B Y i 3% SEL A ik 327
(m) Y5 VWK =% 409% (n) ik 2 Wk 40% (o) Y33 Wi kb3 409 (») 4 TR 0%
‘ 100
‘ s e
| %0 |—— DBSCAN
85 ——Ms
= 0 o
— < 75 |—*— HDBSCAN|
S S g e s
—= R | Ak
< = 65 — —
] = W/ SN |
55 s
50 50
45 45
40 40
10 20 30 40 50 30 40 50 10 20 30 40 50 10 20 30 40 50
T Tk k% T B E N

(9) Y= w3 50%

() s 2wk bR 50%

64BN T A [l Dk b A< I

2 H AE— R K AR (20%~50%) T, AU
T REARXT 7 Rt LSRR AR . R RAE T 7 Rh
POREE BN =RP R an i e ) U A€ N i A o (]
SRR 2 (1R S 25 (] 43 A e i 28 B 4 O =5

(s) st 3wk np 2 50% (1) Y 4k iR 50%

Tkl 8 A AL Mg

IR PR REAE H AR - 2% . A SOk A SRy I LA
FHIEA I SE R ZE AR , — Bl Dk th PRI T PA f 45 1Y)
EE T M BT, A BT SRS S L B PA £
ERARAE . [R]IN , AS SO R T AR VR BC S 5 i) A B HIL
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il BRASAE— e FREE B ORAN D S Ibk oy R s

L 25 8 FR LR A I R A 4% 40 AT . K-means
Bk 5] 42 2% JBE O O(tkm); DBSCAN 75 B PR L B4 Bif i)
SR TE N Om® ) ABTEAE I 2R 51 45 4 i 7] DL AIG 2
O(nlogn); MS Y [] 5 2 B o8 O(mn® ); AP B IR 8] 52 2%

30

_—N W B

S0 300 S0 S

(55
T
ioEn
IR

553
=]

Purity 2 11 % 5 25 1/%

0 rww Y
K-means GMM DBSCAN MS SC AP HDBSCAN A3 71k

(a) 415 Purity f6ARA9 BT 22 57

B 504
53

FMIZR it 2% B4 5 1%
T

0 rowiy
K-means GMM DBSCAN MS SC AP HDBSCAN A J773:

(c) 4N FMIFERR I Bt 22 57

S O(n* ); GMM (1) B[] 52 2% B2 5 O(thn) 5 SC (1) B[] 52 2%
£k O(n’ ); HDBSCAN (1 B[] 52 2% FE ol O(n® ); AR SCHR:
EAERINIE BN BRI 2R BE S O(n® ) ABAEff IR 5
2RI A] LR 2 O(nlogn). Horp ¢ JE AR UEL , n 2 AE
AEY kSRR B .

30

5]
93

[S]
(=1

F-score R it % 5 45 1 /%
> o

K-means GMM DBSCAN MS Ne AP HDBSCAN A X J5i%:

(b) 4435¢ F-score 154119 Rt 25 5%

ARIZR it % 5 45 1 1%
IS IS 5

o

w

0
K-means GMM DBSCAN MS SC AP HDBSCAN A ik

(d) 4450 ARTIRFRY Bt 225

7 AREREITEAE 45 4 L RESR AR A Rt 22 5%

4.4 EHik

1 5E R R LS A5 5 BT TOA /Y 40k . HAR
MiE, i o4 2R 2 35 1) 18] 22 (8 ( Difference of Time Of Ar-
rival, DTOA ) 1 — B 22 53 EL 7 B, 154 1 SIS Ik Xt 1)
T EERHELE PRIAHE 58 O & 2428 M PRIAG N .

K 8 /R T 454135 (0,0) F TOA —Mr 224> B 5
P, BV e T 4% VAR PRIAY S AR AR . 38 1k SCHE Jik o
X5 RSB T X PRUGEBE i i 1 5 L4021, A i 5 2R
WMFESPIR . ST TR PRIZE FILA T
JE UG PRI, I AEXT 1R 22 AN M 1L 0.6%. FEFR I8 4.5 F1
74y R BT TR R G PDW ik b 2 800 4
AR, BT —E R AR kb B . A 6 T
DA HY Bt I fok b 56 0 st s i e 3R A 348 o, 3 e 3o R

Tk RG2S 250 R X 58 25 W e o
4.5 HREREIG

SRy B AR SR B AR il O VR A RO AR Stk
17 T IH RS % b T RS A IR A S 1 R 25 H
GEIRARE . K T~F 10K TIEG S 1~ 49 RIH
Ui ok o 3 R s ik op R AL A B AR B 1) AR Tk
L. Hh fF 5 —"FR IR RIS A IR
BEAA, T ()T AR RIS A IR
T L o) FR BB T x4

NFE 7~F 10 BOEUH nT L Y 4 0 R 3T
RAAFAAA T, BRI 2D RATIE
REUS A B IFIERKLER . FoBR T4
(0.4,0.4) AT, A IHRTIG W RIS AT AL X He sk i . T
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