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Density peak clustering combining local truncation distance and small
clusters merging

CHEN Sugen'?, ZHAO Zhizhong'*

(1. School of Mathematics and Physics, Anging Normal University, Anging 246133, Anhui, China; 2. Key Laboratory of
Modeling, Simulation and Control of Complex Ecosystem in Dabie Mountains of Anhui Higher Education Institutes, Anqing
246133, Anhui, China)

Abstract: Aiming at the problems that the truncation distance defined by the density peak clustering algorithm only considered the
global distribution of samples and the " domino" phenomenon was easy to occur when assigning samples, a novel density peak
clustering algorithm combining local truncation distance and small clusters merging was proposed. The truncation distance and local
density of each sample were calculated based on the local distribution information of samples, which were conducive to accurately
obtaining the density peaks on complex structure datasets. Potential density peaks were selected based on the difference between
samples decision values and multiple small clusters were formed. A new kind of similarity between clusters was defined, and clusters
were merged to obtain clustering results according to this similarity, which effectively avoided the " domino" phenomenon.
Compared with several clustering algorithms on six synthetic datasets and eight UCI datasets, the standardized mutual information,
adjusted rand index and adjusted mutual information average values of the proposed algorithm on 14 datasets were 18.15% , 28.99%
and 20.22% higher than the five comparison algorithms on average, especially 30.06% , 47.15% and 31.90% higher than original
density peak clustering algorithm. Experimental results showed the proposed algorithm had a good clustering effect.

Keywords: clustering; density peak clustering; truncation distance; local density; potential density peaks
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Table 1 Details of the datasets
BPRE  HEAREUE/A B/ B/ 28

Lineblobs 266 2 3 AT
S2 5000 2 15 AT
Donut2 1 000 2 2 AT
2d4c2 863 2 4 AT
Unbalance 6 500 2 8 AT
Square4 1 000 2 4 AL
Wine 178 13 3 UcCI
Vote 435 16 2 UCI
Ecoli 336 8 UCI
Thyroid 215 3 UcCI
Pima 768 2 UCI
Zoo 101 16 7 UCI
Breast 277 9 2 ucl
Landsat 2 000 36 6 UCI
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Table 2 Experimental results of each algorithm on all datasets

o S2 Lineblobs
Ny Ay Ay s Ang Ny Ay Ay Vs A
LSDPC 09475 09399 09471 0.708 1.25 1.0000 1.0000 1.0000 0.006 1.00
DPCSA 09341 09152 09333 1.269 — 1.0000 1.0000 1.0000 0.029 —
DPCV 09426 09310 0.9414 74.470 0.10/30 1.0000 1.0000 1.0000 0.029 2.30/25
FHC-LDP 09446 09355 09442 0.038 36 1.0000 1.0000 1.0000 0.011 18
DPC 09436 09343 09432 0.962 0.990 0.7034  0.6482 0.694 7 0.013 0.36
DPC-CE 09457 09370 0.9453 1.373x10* — 0.6632 04714 0.6149 0.249 —
ok Unbalance 2d4c2
Ny A Ay /s Agg Ny Ag A /s Ags
LSDPC 1.0000 1.0000 1.0000 1.601 1.00 09930 09959 09928 0.034 1.00
DPCSA 1.0000 1.0000 1.0000 2.859 — 09930 09959 09928 0.062 —
DPCV 0.8970 0.8623 0.8970 163.234 0.10/5 09583 09160 09190 0.420 2.20/7
FHC-LDP 1.0000 1.0000 1.0000 0.105 30 09930 09959 09928 0.034 14
DPC 0.8972 0.8582 0.8972 1.718 0.29 0.9003 0.8932 0.8245 0.044 1.30
DPC-CE 09263 0.8834 0.926 3 1.394x10* — 08756 08647 0.8242 16.677 —
ok Square4 Donut2
Ny A Ay /s Agg Ny A Ay /s Ags
LSDPC 07391 0.7756 0.7380 0.041 1.60 09812 09920 09812 0.038 1.60
DPCSA 0.6940 0.7133 0.689 6 0.071 — 09664 0984 0 0.966 3 0.064 —
DPCV 0.7324 0.7689 0.730 7 0.609 2.60/7 0.9664 0.9840 0.966 3 0.589 0.20/10
FHC-LDP 0.7285 0.7730 0.727 4 0.009 15 0.9664 0.984 0 0.966 3 0.009 40
DPC 0.7194 0.7441 0.716 1 0.073 0.80 0.2662 0.1775 0.2313 0.047 0.28
DPC-CE 0.706 8 0.7393 0.704 6  26.586 — 0.146 0 0.0321 0.0958 22.841 —
i Landsat Breast
Ny A A /s Agg Ny Ag At /s Arg
LSDPC 0.626 7 0.5169 0.606 5 0.161 4.85 0.0962 01622 0.069 6 0.007 6.00
DPCSA 0.6200 0.5432 0.5718 0.240 — 0.000 6  0.008 6 -0.002 6 0.023 —
DPCV 0.5446 04556 0.5419 5.232 1.0/10 0.0627 0.1452 0.056 2 0.030 0.1/25
FHC-LDP 0.6587 0.6490 0.647 8 0.067 11 0.0204 0.0472 0.008 9 0.005 13
DPC 0.5493 04554 0.544 5 0.203 0.14 0.0528 0.1296 0.046 4 0.010 0.06
DPC-CE 0.5454 0.4420 0.5409 224.021 — 0.0086  0.0424 0.004 4 0.025 —
ok Zoo Thyroid
Ny A Ay t/s Ags Ny Ag Ay /s Ags
LSDPC 08717 0.8946 0.8232 0.003 5.40 04865 05206 0.3% 1 0.005 2.45
DPCSA 0.7304 0.5108 0.6772 0.026 — 0.3283 0.3185 0.2314 0.020 —
DPCV 0.7332 0.7275 0.642 4 0.008 2.1/23 0.4842 04459 03496 0.019 0.1/20
FHC-LDP 0.8370 0.8465 0.783 1 0.005 12 0.3932 03701 0.363 3 0.006 4
DPC 0.4925 0.2139 0.400 8 0.006 0.05 0.3234  0.1590 0.288 4 0.008 0.75

DPC-CE 03720 0.0252 0.2452 0.009

— 0.1736  0.1574 0.151 8 0.153 —




52 3 WRERAR , 45« Bl o) P AT I 25 R/ N 6 O ) 8 B WP SR 2 67
25k
ok Wine Ecoli
N Ay Ay /s Arg Ny Ay Ay /s Agg
LSDPC 0.7955 0.8025 0.789 8 0.004 4.40 0.6555 07329 0.6232 0.007 1.50
DPCSA 0.5475 03720 0.409 3 0.021 — 0.5478 04254 04734 0.033 —
DPCV 0.7104 0.6724 0.706 5 0.014 1.8/8 0.6403 0.6862 0.5383 0.045 0.1/7
FHC-LDP 0.7435 0.7269 0.739 1 0.011 20 0.6518 0.6974 0.544 1 0.006 38
DPC 0.6170 0.606 8 0.6100 0.007 0.65 0.5893 04365 0.569 3 0.017 0.19
DPC-CE 0.616 8 0.5560 0.596 1 0.014 — 0.576 1 0.4224  0.526 5 0.420 —
ik Pima Vote
Ny Ap Ay /s Agg Ny Ay A /s Arg
LSDPC 0.0745 0.1004 0.0509 0.028 3.15 0.5314 06135 05218 0.014 5.10
DPCSA 0.001 6 0.0114 0.000 4 0.048 — 0.4687 0.536 8 0.476 6 0.032 —
DPCV 0.0233 0.0584 0.021 8 0.318 0.4/4 0.5059 0.5641 0.4958 0.086 1.5/2
FHC-LDP 0.0052 0.0143 0.001 7 0.009 21 04644 05367 04551 0.011 25
DPC 0.0104 0.0341 0.006 7 0.036 0.18 04694 05367 04598 0.021 0.23
DPC-CE 0.0318 0.0677 0.0232 1.475 — 0.456 0 05101 0.4464 0.034 —
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Fig.9 Clustering results obtained on Unbalance
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Table 3 Average rank of the algorithm on all datasets

%:?i NMI ARI AMI
LSDPC 5.68 5.61 5.68
DPCSA 2.68 3.04 2.68
DPCV 3.54 3.82 3.54
FHC-LDP 4.14 4.25 4.21
DPC 2.50 2.46 2.79
DPC-CE 2.07 1.93 2.00
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Fig.10  Algorithm parameter analysis
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