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Observation and Analysis of Raindrop Shape Based on

the Precipitation Micro-Physical Characteristics Sensor
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Abstract: A self-developed precipitation micro-physical characteristics sensor was applied in field experi-
ment and a large quantity of raindrop images were obtained. The causing reasons and handling methods for
outlet raindrop images were discussed, and a vectorized method based on the Akima interpolation under the
polar coordinate was proposed in this paper. Then, the characteristics of average raindrop shape and axis
ratio distribution were analyzed. The results show that the small drops (<1 mm in diameter) have sphe-
roids shapes, the moderate drops (<{1. 0 mm and <C3. 0 mm in diameter) have oblate spheroids shapes and
the larger drops (>>3.0 mm in diameter) have more bulged tops and flattened bases. The mean axis ratio
distribution is in good agreement with the empirical relationships, and the deviation between them is smal-
ler than 0. 04. The raindrops ranging from 3. 4 to 3. 8 mm are more spherical than those from empirical
model.
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Fig. 1 Schematic diagram of
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Fig. 2 Original images (a, b, ¢) and binary images (d, e, D
of outlet raindrop obtained by PMCS
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Fig. 3 (a) Separation versus diameter, (b) edges
pixels versus diameter, (c¢) shape parameters

versus diameter for each selected raindrop image
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Fig.4 Comparison between digital and vector images

(Dark grey represents the edge of digital images)
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Fig. 5 Flowchart of the real raindrop
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Comparison among different interpolations used in simulated raindrops

(a) the fitting results in polar coordinate system, (b) the fitting results in

rectangular coordinate system, (c¢) the mean squared error of fitting results
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Fig. 8 Drop shapes in terms of probability (unit: %) contours in different ranges of diameter

(a) 0.8—1.0 mm, (b) 1.4—1.6 mm, (¢) 2.4—2.6 mm, (d) 3.4—3.6 mm



98 A

% 543 %

4.2 MWL S TEHE

il bE 3R 7R B KORL - 1 Bl 5 g A 2 b S A
R AIE S e o R I K ol R TR - TR IR i S5 0 B AR
M AR ACREAE o 3240 AT FEAE 32 B30 o XU 52 56 L R %
HBERY KRR Ak 3k LI DA K R 3 i A S I 4R A an
Beard and Chuang (1987) ] A BC T jf 155 54 45 2] ARk
MAPE YR 22 302X 3 A1 6 Bl E O3 A R AE (1< D, << 7
mm) ,Goddard et al(1994) F| F§ TWD F 7% 154X 5 X%
Ak 35 X8 B UL I 5% Rk A5 281 R 0BG 23 A1 IR AL =1k
Z 0 A IE (1<<D,,<<5 mm) ., Brandes et al
(2002) BK A 22 AT 38 000 4l bE 25368 15 31 DY ik 22 3 =X
3 A FRAE R BN B 0 A (1<KD,<<7 mm) , Thurai et al
(2007 FH] 2DVD Hi i 7% %F 80 m A LR /K #E 47
RS R Tk 2 K A A AR B Bl LG o) A
(1. 5<D =<8 mm) . BN BT A7 S 00 7l 3 k47 4k 22
PL 0.2 mm Sk ] 15 2 59 AS [6) B AR 0 Y il b 2
LR UEZE (R 2) Bl L A R DL b 5 48 5 A Y
ZE S aE 9 Frm o A SRR Sl L B (E S 25
M 2518 .

0 2 4 o 2 4

H12/mm H.{%&/mm

&9 S0 e i Al L 20 A R AE () A
SRR AE 5 2230 43 A Y 22 5 (b)
Fig. 9 (a) Characteristics of real axis ratio distribution,
(b) differencees in axis ratio between the

mean of data and the existing models
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Table 2 Mean and standard deviation of the axis ratio in different ranges of diameter
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0.4~0.6 43443 1.119 0.229 2.6~2.8 1062 0. 889 0. 087
0.6~0.8 39788 1.084 0.176 2.8~3.0 576 0. 880 0.102
0.8~1.0 32858 1.021 0.132 3.0~3.2 352 0. 869 0. 095
1.0~1.2 26293 1. 006 0.110 3.2~3.4 212 0. 851 0.110
1.2~1.4 20054 0. 984 0.103 3.4~3.6 140 0. 837 0. 069
1.4~1.6 14331 0.965 0.090 3.6~3.8 102 0. 836 0. 131
1.6~1.8 9376 0.950 0.088 3.8~4.0 48 0.797 0.094
1.8~2.0 6648 0.939 0. 090 4.0~4.2 23 0. 790 0. 063
2.0~2.2 4377 0.926 0. 080 4.2~4.4 19 0.779 0.063
2.2~2.4 2648 0.913 0.079 4.4~4.6 4 0.756 0. 060
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