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ABSTRACT

A variety of faulty radar echoes may cause serious probleittsradar data applications, especially radar data assim-
ilation and quantitative precipitation estimates. In tisdy, “test pattern” caused by test signal or radar hareviaitures
in CINRAD (China New Generation Weather Radar) SA and SBrragarational observations are investigated. In order
to distinguish the test pattern from other types of radaneshsuch as precipitation, clear air and other non-mdtagoal
echoes, five feature parameters including the effectiveatfity data percentagéRz), velocity RF (range folding) data
percentagéRgrF), missing velocity data percentag®y ), averaged along-azimuth reflectivity fluctuatiRy, ,) and aver-
aged along-beam reflectivity fluctuatigRy,,) are proposed. Based on the fuzzy logic method, a test pattentification
algorithm is developed, and the statistical results fronthal different kinds of radar echoes indicate the perforreanf the
algorithm. Analysis of two typical cases with heavy pre@pon echoes located inside the test pattern are perforifieel
statistical results show that the test pattern identifizasilgorithm performs well, since the test pattern is reczgghin most
cases. Besides, the algorithm can effectively remove tbtepsetern signal and retain strong precipitation echodwavy
rainfall events.
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1. Introduction not currently possible to totally avoid them from CINRAD

Since CINRAD (China New Generation Weather Rada@Deratlons simply by improving the ha_rdware. O_ften, the
ccurrence of test pattern is accompanied by receiver power

became operational, much work on radar failure analy§|s

: . llure, or a failure of the receiver main channel or frequen
and safety maintenance has been carried out (Zhou et %ﬁthesizer (Zhou et al., 2008). The presence of test patter

2007). Through diagnosing the reasons for radar laun . . .
N radar observations causes many problems in operational

system breakdowns (Yang et al., 2005), or by continualfy 298" . )
. . . Lo pplications. Despite radar operators and forecasterg bei
improving radar automatic calibration systems and the reli o " . o

. . ) . : o able to limit the usage of this information manually, it céiti s
ability of failure diagnosis systems, effective routineima

tenance and better identification of malfunctions have be%%nrﬂzgﬁr?gizata?\e/zlﬁ:rencelp(;taégt'igigmates and radaratat
established (Hu and Wu, 2003). Many methods that can im- 1 guring ree P '
Acquisition of high quality radar data has always been

prove radar performance by tackling all kinds of hardwaEﬁ key to successful application of radar data, and a o

issues have been proposed (Wang et al,, 2005), and eXpSLrJélity control techniques have made great progress imtece

have also proposed a number of correction schemes throu

. : ars. For example, the fuzzy logic algorithm that usescefle
analyzing the various causes of hardware and software pr%g - . . . .
vity, radial velocity and spectrum width simultaneoubkbs

lems (Zhou et al., 2005). Nevertheless, contaminated raté%ren widely applied to identify clutter and anomalous prop-

data caused by hardware failure remains an issue during rou-

tine operations, and one such example is the a earanca%ﬁtion in the WSR-88D weather radar ORPG (Open Radar
P ' P bp Product Generator) system (Kessinger et al., 2001). Rurthe

test pattern” in radar data. Because test pattern shows nulgre, neural network technique has been proposed and ap-

in many different forms and the reasons are unknown, 'tr'J led in radar data quality control by da Silveira and Holt
(2001) and Lakshmanman et al. (2003). For Doppler veloc-
* Corresponding Author: LIU Liping ity dealiasing, most technologies are based on the conven-

Email: Ipliu@cams.cma.gov.cn tional temporal spatial continuity principle (Ray and deg
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1977; Gao and Droegemeier, 2004; Zhang and Wang, 2006}icates they are range folding (RF), and so RF rings are ob-
while recently an unconventional method to dealias radar erved. For higher tilts (higher thaf)4the value of contam-
dial velocities based on a Bayesian approach has been pnated radial velocity data might be zero. A mixture of test
posed (Xu, 2009; Xu et al., 2009). However, despite thmmttern and precipitation echoes are often observed tegeth
aforementioned progress, test pattern identification atethThe reflectivity field is the sum of precipitation signals and
has yet to be developed. The successful deployment of Clidst pattern signals, but radial velocity is the true value s
RAD is central not only to severe weather nowcasting amdunded by the RF value. Spectrum width is linked to radial
short- and long-term forecasting (Wang et al., 2007; Wanglocity, i.e., it is contaminated when radial velocity @ne

and Liu, 2009), but also application systems (Zhang et aaminated by the test pattern. All the aforementioned festu
2007; Wang and Liu, 2009) developed for using radar dashtest pattern can occur alone or together; several typesal

in real-time operations in many cities throughout Chinau Lipattern PPIs are shown as examples in Fig. 1.

et al. (2007), Xiao and Liu (2006) and Jiang et al. (2009) Figures 1a and d show test pattern PPIs at tilt of Ol
have also developed a ground clutter echo identification akrved by the Yancheng SA radar at 0920 UTC 21 July 2008.
gorithm by using the fuzzy logic method. The algorithm hadleteorological echoes can be seen near the radar site (ho fur
not only been applied in SWAN (severe weather auto nowher than 50 km), while the rest of the area is filled with test
forecasting) and ROSE (radar operational software enginggattern. Reflectivity is composited by two semicircularasitt
ing) systems, but also in the rapid update cycle system of thattern, while radial velocity is filled with RF values. Figg
Shanghai Meteorological Administration and Guangzhou ldb and e show test pattern PPIs at tilt of Odbserved by
stitute of Tropical Marine Meteorology. The positive impacYancheng SA radar at 0837 UTC 21 July 21 2008, in which
of this work has been very clear to see. reflectivity is contaminated but radial velocity is normiaig-

The paper is organized as follows. The collections andles 1¢ and f show test pattern PPIs at tilt o%Bserved by
analysis of test pattern that occurred during operationNfC Shenzhen SA radar at 0032 UTC 28 July 2010. Here, a test
RAD/SA(B) radar in Shenzhen, Hefei, Yancheng, Qingdapattern appears at high tilt, while both reflectivity andiahd
Zhumadian and Beijing are described in the next Sectiorelocity are contaminated, with the latter showing a valfie o
Section 3 examines the characteristics of reflectivity and zero. Figures 1g and j show 0.8It PPIs from Shenzhen SA
dial velocity fields that contain the test pattern, metemgel radar at 0418 UTC 22 April 2010. Precipitation echoes are
cal and non-meteorological echoes, and several statipaea mixed with the test pattern; or, in other words, the testgatt
rameters that were calculated to identify those echoesdasignal is mixed with the precipitation signal, but the radia
on these properties, a test pattern identification algorith velocity value of the precipitation echoes are true. Figure
developed in section 4. Statistical results and applicatio 1h and k show semicircular test pattern PPIs from Shenzhen
the method for test pattern identification are presenteddn sSA radar at tilt of 0.5 at 0912 UTC 7 April 2010, and ra-
tion 5. And finally, conclusions follow in section 6. dial velocity is also contaminated. Figures 1i and | display

a fan-shaped test pattern observed by Shenzhen SA radar at
] tilt of 0.5° at 2000 UTC 24 April 2010 and, although the test
2. Data collection pattern is not filled with all 360 azimuths, only 20 continsou

A set of 38 volume scans data including a total of 14zazimuths are contaminated. Besides, it can be seen from Fig.

PPIs (plane position indictors) contaminated by the test p.‘} that the reflect|y|ty of the te_st pattern does not changemuc
tern was selected. These data were collected from CIR¢Muthally, butincreases with range.
RAD/SA(B) in Shenzhen, Hefei, Yancheng, Qingdao, Zhu-
madian and Beijing in 2008 and 2010. Another dataset tr@t
includes precipitation echoes (1800 PPIs), clear air exho€
(565 PPIs), and other non-meteorological echoes (such asAs described above, two types of test pattern were ob-
clutter and electromagnetic interference; 721 PPIs) was aberved in collected data: (1) contaminated reflectivity, bu
collected. In this study, the test pattern was defined asradrounormal radial velocity and spectrum width; (2) both radial
or scalloped (more than 20 continuous radials) echo that caelocity and spectrum width contaminated, as per reflegtivi
ered the entire PPI plane and for which reflectivity enhanc®dhen a test pattern occurs, reflectivity data will be contam-
with distance, but did not change much azimuthally. Testated and spread extensively over the radar coverage area.
pattern caused by various factors, most of which are uncleard for the first type of pattern, good reflectivity data might
hardware faults. Because there is no way to control them die obtained inside the corresponding radial velocity cager
solutely through hardware improvements, an algorithm th&nge, while contaminated reflectivity data occur over ésé r
can automatically recognize such pattern is needed. of the area. For the other type, both reflectivity and radéal v
Test pattern occurs irregularly. Sometimes one can dpeity are contaminated and spread over their coveragsarea
pear in seven to ten successive volumes, and then disappeard contaminated velocity will be observed as RF value. Test
It can appear at lower tilts, and sometimes at higher tilggattern has another obvious feature, which is that reflectiv
When one does occur, the radial velocity might not be coity is almost the same azimuthally, but increases with tadia
taminated. If the radial velocity is contaminated, the ealudistance. Based on our understanding of the possible causes

Feature analysis
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Fig. 1. Test pattern PPIs: first and third columns are reflectiviBZ}] second and fourth columns are Doppler velocity
(m s~1) (range circle: 100 km).

of test pattern, the contaminated signal of test patternlshoalong-beam reflectivity fluctuatiorR(,,, see section 3.4.2
be constant. Thus, to reflect the feature of the test pattéon subscript meaning). It should be noted that identifarati
signal, removing the distance correction from the reflectiof test pattern is for each PPI, so these feature parameters a
ity first, then, the subsequent reflectivity (i.e., after oming calculated to reflect the characteristic of the entire PRieldV

the distance correction), which in this case reflects the tesPPI has been flagged as test pattern, each echo pixel in that
pattern signal, has small fluctuations in specific area rang®! will be classified only if quality control for each echo
Therefore, five feature parameters that can identify tetst ppixel in it is still needed.

tern are proposed: effective reflectivity data percent&e ( ) L

subscripZ indicate reflectivity data); velocity RF data per3-1- Effective reflectivity data percentag&;)

centageRrr, subscript RF indicates range fold); missing ve- When the test pattern appears, compared to all other
locity data percentageR(;, subscript M indicates missingkinds of echoes (precipitation, clear air, and other non-
velocity data); averaged along-azimuth reflectivity flactu meteorological echoes), it fills the entire radar coverdtge.
tion (Ry, ,, see section 3.4.1 for subscript meaning); averageaflectivity field has the most data pixels covered ina PP& Th
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effective reflectivity data percenta@;) is thus proposed to 60% the result is 154/1800. However, tRe of test pattern
compute the coverage of total obtained data pixels in tla toPPls larger than 65% to total test pattern PPIs is 114/11#, an
detection range. This feature parameter represents teereffor Rz exceeding 60% the result is 117/144. As one of the
tivity characteristic of the test pattern, and can be e)g@és parameters for recognizing a test patteRa,performs well,

as

Na,Z Nr.ZNI
z
N&Z X Nr’Z ’ O, Zl,] = |V ’

wherez j is the reflectivity at gatéi, j) [units in dBZ; i and

and therefore will not cause any problems for other kinds of
echoes.

3.2. Velocity RF data percentagéRgr)

Both normal observations and RF ones can be obtained in
the radial velocity field when it is contaminated by a test pat
tern. Furthermore, as mentioned above, RF mostly appears

j represent the pixel's azimuth and radius, respectivefaira \yhen the test pattern occurs. RF considered as a contami-

coordinates)]Mz counts the total number of effective obserpateq value is therefore helpful in calculating the peraget

vations in a PPIN, andN: indicate total numbers of azimuthsyf RE pixels to the total number of effective detective pixel
and gates along each beam, &g andN;z areNa andN,  j, 5 PPI, and is defined as

for reflectivity, respectively; ant, indicates invalid-value at

gate(i, ). Nav Nrv
Being almost fully covered with effective data is one igljleRF
obvious feature of a test pattern PPI. In order to avoid clas- Rrr = NNy
sifying heavy precipitation cases as test pattern baselisn t 5 Z My (2)
feature, heavy stratiform precipitation and typhoon ppiat i=1j=1

tion cases were chosen as precipitation echo samplesinthis (0, Vi;=RF, M — 0, Vij#ly

study: namely, torrential rain events in Henan, Anhuiand Hu ~F — {0, Vij=RR’ V= {1, Vij=Iv’

nan in 2010; typhoon rain in Haitang and Longwang in 2005;

and typhoon rain in Saomei in 2006. However, no misclaghereV, ; is the radial velocity at gaté, j) (radar coordi-
sifications caused by this parameter occurred during testimates); R represents the RF mark valué;y andN;y are

of these precipitation cases. Statistical results (FiysBaw
that the ratio of PPIs of heavy rain wit larger than 65%
to total precipitation PPIs is 56/1800, and f&f exceeding
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Fig. 2. Comparison plots oZ andZp in a random radial from
(a) test pattern case and (b) precipitation echo case.

Nz andN; for velocity, respectivelyMgr counts the RF pix-
els in a PPI; andWly counts all the effective velocity pixels,
including normal observations and RF.

Generally, Rgr is less than 50% when other kinds of
echoes (precipitation, clear air, and other non-metegictd
echoes) are observed (Fig. 2b). When radial velocity is con-
taminated by a test pattern, this parameter can be used to
identify it.

3.3. Missing velocity data percentagdy )

When Doppler radar is operated, reflectivity and radial
velocity data should correspond at the same location, pixel
to-pixel. In other words, both reflectivity and radial vetyc
should be effective data when meteorological echoes are ob-
served. In this cas®)y is defined as

Nav Nrv

2 ,Zl'V'v
_ ==
Rw = Nay Nrv ’

> XMz

i=1j=1

®3)

and should be very smalMz andMy in Eq. (3) are the same
asin Egs. (1) and (2), respectively.

Because reflectivity and radial velocity data from SA/SB
radar have different gate widths (1 km for reflectivity data,
0.25 km for radial velocity data) and gate numbers (460 for
reflectivity data, 920 for radial velocity data), the effeetde-
tection range is smaller for radial velocity. The azimutkl an
detection range of velocity should be used as the calculatio
domain, and then computation can be performed with all the
radial velocity data and related reflectivity data at the sam
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location. Statistical results (Fig. 2c) of all samples shibat specified field (1% 11 in this study). Comparing th& value
whenRy is larger than 70%, the PPIs are test pattern; abétween the test pattern case and the precipitation case fro
whenRy, is between 50%-70%, they are mainly test pattethe data in Fig. 3, it is obvious in Fig. 4 that tAgof the test
and clear air echo PPls. pattern is smaller than 1, while the precipitation echo & th
opposite. Because of this feature of test pattern, thesp&wo
rameters are proposed as candidates for identifying tést pa
As mentioned above, the echo power returned from testn.
pattern does not change much in certain fields. In order to The first three parameters mentioned above are computed
describe this feature, a valdg with a constant gap from the directly using the whole PPl data. Two more are computed
echo power is computed from observed data as as follows, first in a radial (or a range circle), and then in
the entire PPI. The reason for doing this are: (1) test patter
Zp;; =Zij —20IgDij (4) identification is aimed at each PPI, and therefore the calcu-
wherez; ; means the same as in Eq. (D);; (units: km) rep- lated parameters must represent the feature of the enﬁre PP
resents the distance between the radar center and the pix&4l (2) & test pattern does not always show as a full circle all
position(i, j). of the time, but as a se_rmcw_cle, as fan—s_haped etc. Thus, it
The variance ofZ and Zp with distance plotted showsWOUld be very useful to |_dent|fy these typical test pattesn u
the radial at azimuth 56 (true north as azimuth 0, clockwisi)d the radial (orrange circle) parameter to present thieifea
for the test pattern case observed by the radar at Shenzh he entire PPl. When PPIs that havg been identified as test
0912 UTC 7 April 2010 (Fig. 3a), and the radial at azimutRattern negd_to .be _processc_ed, _espeuallly for those that have
264 (true north as azimuth 0, clockwise) for the precipitd!©avy precipitation information inlayed, it would be helpf
tion case observed by the radar at Zhengzhou at 0141 Utecdetermine whether a radial is contaminated or not by cal-
8 June 2010 (Fig. 3b), respectively. It is also shown in Figulating the radial parameter. Then, combined with other pa
2 that reflectivity of the test pattern increases with distan Fameters, even whether or not a pixel is contaminated can be
but reflectivity of precipitation echoes changes litife, has determined.
no obvious changes with distance after removing the constary 1 avera
related to distance fro@, showing the true echo signal of the . o
test pattern; while in contrast, tfz of precipitation echoes ~ From the above analysis, the average fluctuatio? af
changes a lot with distance. the f|el_d from corrected reflectivityZp ) has be(_an computed,
The reflectivityZ of the test pattern changes little with az&ndZs is small for test pattern. In order to decide whether the
imuth; neither doe&p, the reflectivity after correction (Fig. PP! IS @ test pattern, the operation should be performed on
3a). This means the fluctuations of the echo signal of the t&g total PPI. First, the gate with sma} (smaller than 1) is

3.4. Reflectivity(Z) fluctuations

ged along-azimuth reflectivity fluctuati@y, , )

pattern in a specified field is small for a given pixel. counted along-azimuth, presentedMy, in Eq. (6); andvly
ThereforeZ;, the reflectivity fluctuation in a specific field N EQ- (6) counts the valid; along-azimuth; then, comes the
is calculated as percentagdR, of smallZ; in a circle (the total pixel number
o is 360 because of organizing radar data within intervaPyf 1
ESESZD. _ for lower tilts in SA/B radar, 460 (460 gates in a radial mean
7 7z i5j7s (5) 460 range circleslR, values obtained. To represent the fea-
fii = |“Dii 11x 11 ture of the whole PPR; values are counted as percentagesin

range circle as long the value is larger than 60%, WRile,

presents the feature of the whole PPIl. MathematicBlgnd
Here, subscript f indicates fluctuation @f. As shown Ry, , are defined as

in Fig. 4, each pixel of the test pattern has a srdaih the

Naz
M
—Test pattern ~Precipitation igl “
12,0 T Naz
100 | 2 M (6)
1 cob ] i=1
q 80 : :
% 6.0 sz _ 17 Zfi,j < 1 MV _ 17 qu 7é |V
= Y o k)
O 0, Z, >1 0, Zj =l
N
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Fig. 3. Comparison plot of mean variation from corrected re- Mo — 1, Ra>60% B
flectivity Z; of the same case in Fig. 2. Ra = 0, R.<60%’ a—
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Fig. 4. Scatter diagram of the five feature parameters from all sesnpést pattern PP (green dots); precipitation echo
PPI (yellow dots); clear air echo PPI (blue dots); and otloer-meteorological echo PPI (red dots). &) (%); (b) Rre
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The subscript oRy, , indicates that the last step of calcu- Naz M
lating Ry, , is along-bean. Because the corrected reflectivity i; R
(Zp) of the test pattern changes little with azimuth, as men-"Nez — '\,
tioned above, th&y, , of the test pattern is large for precip- > M 9)
itation and other kinds of echoeRy,, becomes small, and =1
' {1, R >=50% _{1, R #ly

even reaches 0 at some gates.
’ r— .

3.4.2. Averaged along-beam reflectivity fluctuatid®ya ) 0, R <50% 0, R=l

Likewise, My in Eq. (8) counts the valid; along-beam, , s the same as in Eq. (6). The subscripRef, indicates
then data pixels with smadk (< 1) can be counted along a rahat the last step of calculatirRy,, is along-azimuth. Also,
dial to percentage smat} along-beam, whichis presented by for the test pattern is much larger than other kinds of
R: (for lower tilts in SA/B radar, the total along-beam numachoes.
ber is 460 because of 460 gates in a radial). Three hundred, the above formulask, andR; are the percentages of
and sixtyRr values are obtained because organizational radghal| averaged reflectivity fluctuatidd;) along-azimuth and
50% are counted, which leads to iRg,, that_can presentthe of the whole PPI. For those flagged as test pattBfr(Ra)
feature of the whole PPR- andRy,, are defined as is used to determine whether or not a beam (azimuth) is con-
taminated; together with other parameters, SudRéR; ), Z;

Mg, =

N, . .

iz Mz, andRy, an echo pixel can be determined as to whether or
R — i=1 @) not it is contaminated by a test pattern. The steps for check-

Nr.z ’ ing and removing test pattern contamination in pixels wéll b

i:zl Mn, detailed in section 5.2.
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Five feature parameters were statistically analyzed ®r tRgr, Rv, Ry, ,, andRy,, -
PPIs, which included 144 test pattern PPIs, 1800 preciqpitat
PPIs, 565 clear air PPIs, 723 other kinds of clutter PPIs. (Ffg1. Membership function
2). As shown in Fig. 2, the five feature parameters of the One hundred and forty-four test pattern PPIs, 1800 pre-
test pattern have larger values compared to all other kihdsaipitation echo PPIs, 565 clear air echo PPIs, and 721 other
echoes, but the test pattern could not be recognized by okiids of echo (clutter, electromagnetic interference)sPPI
one of the parameters. Therefore, the purpose of the stugigte selected in this study. The selected data were randomly
is to recognize test pattern PPIs as much as possible wigirided into two parts, and feature parameters (Fig. 5) of
out misjudging all other kinds of echo (precipitation echaest pattern came from a statistical analysis of the five fea-
clear air echo, electromagnetic interference and growtd clture fields by using one part of the data (72 test pattern PPIs,
ter echo) PPIs. 900 precipitation echo PPIs, 282 clear air echo PPIs and 360
other echo PPIs); the other part of the data was used to test
- the effect of the identification method.
4. Description of the method Feature fields of test pattern, as shown in Fig. 5, are quite
Based on contaminated echo’s features, the fuzzy logiifferent from all the other kinds of echoes, which is in ac-
method is adapted. The five membership functionsRare cordance with the earlier analysis. In order to recognize a
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Fig. 5. Probability distribution [P (%)] of five feature parameteddlected from the test pattern (long/short dashed line),
precipitation echo (solid line), clear air echo (dot-daklee) and other non-meteorological echo samples (dashex |

(@) Rz (%); (b) Rrr (%); (¢)Rum (%); (d) R, (%); (€)Rw,, (%).
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test pattern well, the fuzzy logic method is used, and memveords, these data do not correspond, pixel-to-pixel— they
bership functions (Fig. 6) of each feature field are obtainstiould be processed radially, and strictly scaled‘irinter-

by their probability distribution. Membership functiorsade vals to make sure they are at the same location all of the time.
each feature field to match thg featu_res of the test pattemn. @.2.2. Reflectivity effective detection threshold
output value of between 0-1 is obtained after scaling featur : .
fields by stepwise linear membership functions. An output 1he most obvious feature of the test pattern is filling the

with value 1.0 indicates a high possibility that the undete@ntire PPI, which means the test pattern will have more pix-
mined echo is test pattern; likewise, an output value of 08tS in @ PPI. Figure 8 shows a possible minimum test pattern

means it is impossible that the undetermined echo is test gakels model, which has all effective echoes filling the field -
tern. of nearby radar 20 km and any 20 successive beams. This

means 16 000 pixels (for lowest reflectivity data) in total.

4.2. Test pattern identification procedures The modelis set up since clutter or clear air echoes always ap

Based on the features of test pattern and their memb@@ar nearby radar 20 km, and also a test pattern is defined as a
ship functions in Fig. 6, a flowchart to identify test patter§€Ctor that has more than 20 radials successively. Therefor
is displayed in Fig. 7. The flowchart shows the classificd® 000 is considered as the threshold. If reflectivity pixels
weights to membership functions, and then use the thresh8ftfl any other steps for test pattern identification afterdan
T based on the output of each PPI to make a judgmentRgskipped. This threshold can therefore reduce computatio
to whether the PPI is a test pattern PPI. When a precipitél€-
Fiqn process occurs, _especially a s_tron_g torrent_ial ragngv 4 o 3 Fuzzy logic method
it is important to retain meteorological information frohet ' .
test pattern PPI. Therefore, each echo pixel in the testpatt After the OUtpL%tS of all fgature fields from membership
PPI should be inspected to make sure contaminated echfb'ég:t'ons are obtained, a weighted mean value of all outputs

are recognized and then removed. The steps to do this ?r(éalculate?. Diffr(]arfent wei%htlzare sdoptgdhbased (cj)nhthe pfe
explained in section 5.2. ormance of each feature field. The weights used here for

membership functionBz, Rrr,Ru,Ry,, andRy,, are 3, 1,
4.2.1. Data preprocessing 1,1 and 1, respectively.

Because reflectivity and radial velocity at lower tilts ob- Two thresholds are used in this step. Statistical results
served by SA/SB radar are obtained respectively—or, inrotthow that the final outputs of precipitation echoes, clear ai
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Fig. 6. Five test pattern identified membership functions plots Ra(%); (b) Rre
(%); () Ru (%); (d) Ry, , (%); (€)Rn,, (%)
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echoes and other non-meteorological echoes are lower than
0.48. Therefore, the first threshold for the test pattern48 0
Specifically, when the final output of each PPI is higher than
0.48, this PPI will be flagged as the test pattern. The other
threshold is related tRy. Statistical results (Fig. 2c¢) show
that when the output for the feature fieldRy; is higher than
55%, test pattern and clear air echo PPIs occur. Since the fi-
nal output of clear air echoes is much smaller than for the tes
pattern, the threshold for a test pattern can be lower thith 0.
when the output value for the feature field R is higher

Input raw data

Fig. 8. The possible test pattern model with minimum pixels.
Raw data preprocess The radius of the gray shaded circle is 20 km, and the angle of
the gray shaded sector is20

than 55%. Furthermore, this threshold is set to 0.28 based on
statistical results. Those PPIs that have output valuethér
feature field ofRy higher than 55% are test pattern when the
final output is higher than 0.28.

Compute reflectivity pixels, then compare it with test
pattern trelectivity effective detection hreshol

5. Test pattern identification results

Test pattern PPIs cause a lot of problems for radar data ap-
plications, and so they should be identified before opamatio
applications. For those that are identified as test patteis, P
Compute five feature fields: they should be flagged and should not be used in radar data

Ry, Ry Ry s R, . R retrieval and assimilation. If test pattern PPIs appeagvese

A FP"™ >N, 7’ "Ny 7z L .

: precipitation weather events, radar quality control stidnd
considered, and precipitation information should be netdi

5.1. Statistical analysis

Test pattern can be identified based on the procedure de-

Compute interest field: scribed above. An analysis of the identification results for
Apply membership functions: f > 2wf the other part of the PPI data (including 72 test pattern,PPIs
Apply weights: ~ w 2w 900 precipitation PPIs, 283 clear air PPIs, and 361 othes ech

PPIs) is presented below. Because this test pattern ideatifi
tion method is based on no misjudgment of clear air, precipi-
tation and other non-meteorological echo PPIs by the thresh
olds mentioned in section 4, the results show that the identi
fied PPI percentage for test pattern PPIs, precipitatios,PPI
Compare final output clear air PPIs and the other non-meteorological echo PBIs ar
with two thresholds 71/72, 900/900, 283/283, 361/361, respectively. And the ac
curacy percentage for all kinds of samples is 99.65%.

In this study, the identification accuracy percentage
N means the proportion of how many test pattern PPIs are iden-

tified as test pattern and how many of all the other kinds of

echo are not identified as test pattern. Statistical reshitis/
Flag test pattern PPI that this method can identify almost all test pattern PPta-wi
out misjudging all of the other kinds of echo PPIs. It should
be noted that there is one test pattern PPI in the test data tha
passed through the test pattern identification processadt w
Fig. 7. Flowchart showing the test pattern identification algerith found that the density of pixels in this PPl was low, even
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though it covered the entire PPI, and it did not fit the criteand intensity of precipitation echoes are obtained when the
ria used. Similarly, the criteria cannot be lowered becausk is raised.
this might cause some other kinds of echo PPIs to be m,ijs—
o C o .5.2.2. Casetwo
classified as test pattern, which is exactly what we aredryin

to avoid. Figure 10 shows the test pattern PPIs and quality control
results of a precipitation event observed by the radar at-She
5.2. Designidea zhen at 0912 UTC 7 April 2010. Figures 10a and ¢ show re-

For almost all PPIs that are identified as test pattern (espgctivity PPIs from tilts of 0.5 and 1.5, respectively. Semi-
cially those including little meteorological informatiprthe ~ Circular test pattern pixels are observed at the lowenwttiije
flagged PPIs do not need to go through any other quality cdf€Cipitation pixels appear to the west of the radar. When
trol procedure or follow radar product calculations. How@ising thetilt, test pattern PPIs show, and precipitaieels
ever, for those test pattern PPIs that mingled into preatipin  aré mingled with the test pattern signal to the west of tharrgd
echoes, the test pattern signal will be removed, and pntaeipl"Vhere the echo signal is stronger than contaminated pixels
tion information will be retained. nearby. The quality control results of these two PPIs are

In this study, after test pattern PPIs are flagged, we ne&wn in Figs. 10b and d. In Fig. 10D, precipitation echoes
to remove test pattern pixels and also extract the preeipi@PServed to the west of the radar are retained, and semicircu
tion information that is mingled with the test pattern piel lar test pattern pixels to the south of the radar are !de(i_t|f|e
The above analysis shows that, for test pattern pixels,dhe c@nd removed. For the I8ilt PPI, test pattern contamination
rected reflectivity(Zp) actually represents the true test patS removed, while precipitation pixels are determined, twed
tern contamination value. The specific procedure for retait¢St pattern signal added to precipitation echoes are rechov
ing precipitation information that has been mingled witstte!00. Compared to precipitation echoes observed at the low
pattern PPIs is as follows: (1) Check from pixel to pixel ith tilt, an accurate shape and intensity of precipitation esho
reflectivity fluctuation(Z) is smaller than 1. If not, it means@ré obtained when the tilt is raised. Meanwhile, it should
the pixel is not contaminated, so move on to another pixel;G¢ noted in Fig. 10b that a few precipitation pixels located
it is, it means it is a test pattern pixel, so flag it and go to ttRuthwest of the radar around 200-300 km are removed as
next step. (2) Average the corrected reflectivifi) along- (€St pattern. In general, identifying and removing test pat
azimuth and along-beam of the flagged pixel, respecﬁ\,qurn.S|gnals performed well, and precipitation echoes were
(3) Average the two values from the last step. (4) After retained.
minus the value from the last step, the remaining part should
be t_he t_rue precipitation echo signal without test pattem c 6. Conclusions
tamination. Two test pattern cases are presented belolv, bot
of which have test pattern pixels mingled into precipitatio In this study, test pattern observed from operational CIN-

echoes. RAD/SA(B) were analyzed. After comparing with precipi-
tation, clear air and other non-meteorological echo (efutt
5.2.1. Caseone electromagnetic interference) PPIs by using both reflectiv

Figure 9 shows the test pattern PPIs and quality contit and radial velocity data, statistical results of fivetiea
results of a precipitation event observed by the radar ab-Shearameters that could identify test pattern were studied. A
zhen at 0418 UTC 22 April 2010. Figures 9a and ¢ showdentification method based on the fuzzy logic was applied
reflectivity PPIs from tilts of 0.5and 1.5, respectively. It to obtain membership functions that could identify test pat
can be seen that the blockage to the north of the radartésn, and observations were used for test pattern ideriifica
more serious in the lower tilt, and the sector area of the téstts. The main findings can be summarized as follows.
pattern appears to the south of the radar, while precipitati (1) Thirty-eight volumes of test pattern data (total of 144
echoes are observed to the west of the radar. At the highest pattern PPIs), collected from CINRAD/SA(B) in Shen-
tilt, the test pattern PPI appears, while precipitationoesh zhen, Hefei, Yancheng, Qingdao, Zhumadian and Beijing in
are embedded to the north corner of the radar, and the ref2808 and 2010, were analyzed. The test pattern is a fake
tivity signals there are stronger than the contaminatedipix signal caused by uncertain hardware failures. There are no
nearby, which are the compositions of precipitation signatertain rules as to when they appear; they may occur in sev-
and test pattern signals. The quality control results a$eheeral continuous volumes, or only one or several tilts in a vol
two PPIs are shown in Figs. 9b and d. In Fig. 9b, precipitame. Both reflectivity and radial velocity data may be con-
tion pixels observed to the west of the radar are the sametaninated or only reflectivity data. When radial velocity is
in Fig. 9a, and the test pattern sector area to the south of #ie€o contaminated by the test pattern, the contaminated pix
radar is identified and removed. At the 118t PPI (Fig. 9d), els have an RF value, and sometimes at higher tijts4()
test pattern pixels are removed, while precipitation gk the contaminated velocity might have a value of zero. Test
determined. Besides, the test pattern signal that addéxtopattern may spread all over the detection plane, or cover jus
precipitation pixels are removed, which means the true ptealf, or even display as a fan shape.
cipitation information is retained. Compared to normal-pre  (2) After comparing test pattern PPIs with precipitation
cipitation echoes observed at the lower tilt, an accuraapsh echo PPIs, clear air echo PPls, and other kinds of non-
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Fig. 9. Reflectivity observed by the radar at Shenzhen at 0418 UTCQ®22 2010 (units: d&, range circle:
100 km): (a) 0.5 tilt before quality control; (b) 0.5tilt after quality control; (c) 1.5 tilt before quality
control; (d) 1.5 tilt after quality control.

meteorological echo (clutter, electromagnetic interfiesy turned out that the method is able to identify almost all test
PPls, five feature parameters that can distinguish tesmpattpattern PPIs without misjudging precipitation, clear aida
were proposed®z, Rrr, Ry, and two other parameterRy, ,  other kinds of non-meteorological echo PPIs.

andRy,,) that arise from the reality that test pattern have (4) Case studies showed that the position and intensity
small reflectivity fluctuations. These five feature paramseteof a pixel contaminated by the test pattern in a PPI could be
can present the characteristics of test pattern well, sach eonfirmed by the test pattern identification feature parame-
more effective pixels of reflectivity pixels in a PPI, velyci tersRy,, andRy,,, and the reflectivity fluctuation and
pixels may be contaminated as well while the contaminatedrrected reflectivityp. Especially when some precipitation
velocity has the value of RF, and small reflectivity fluctugpixels are contaminated by test pattern signal, the testnoat
tions. As a result of the above, test pattern PPIs were ablestgnal can be removed, and precipitation information can be
be identified effectively. retained.

(3) Procedures for identifying test pattern PPIs were es- There are no certain rules as to when test pattern appears.
tablished based on their features. Statistical resultseofdst Sometimes there is no contamination at lower tilts, whitghhi
pattern identification method were obtained by analyzirg thilts are contaminated, or vice versa. Therefore, relyoigly
various types of echoes. Identification accuracy is caledla on radar operators to identify test pattern is not sufficiest
when test pattern PPIs are identified as test pattern andpatially, in order to avoid using contaminated radar data in
other types of echo PPIs are not identified as test patternsubsequent applications, such as radar data 3D griddiisg, it
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Fig. 10.Reflectivity observed by the radar at Shenzhen at 0912 UTGCril 210 (units: d&Z, range circle:
100 km): (a) 0.5 tilt before quality control; (b) 0.5tilt after quality control; (c) 1.5 tilt before quality
control; (d) 1.5 tilt after quality control.

very important to identify test pattern PPIs. Furthermdiis, under Grant No. 41175038, No. 41305088 and No. 41075023, the
also very useful to accurately retain meteorological infar Meteorological Special Project “Radar network observatiech-

tion mixed with test pattern for obtaining radar produciam nology and QC”, the CMA Key project “Radar Operational Soft-
real-time operation and for radar data assimilation. This rware Engineering” and the Chinese Academy of Meteoroldgica
search will eventually be applied to SWAN, ROSE and rad8&ciences Basic Scientific and Operational Projects “Olasienvand
data quality control systems for radar data assimilatiamin retrieval methods of micro-physics and dynamic parametesioud
merical models after more testing, and will then further eand precipitation with multi-wavelength Remote Sensirgid also
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