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Abstract: Rice (Oryza sativa) and its production is of great importance to China's food
security. To predict its yield potential and grain preductionquality, spikelet-basedrelated
traits such as the number of spikelets per spike, coat color, spikelet length, width and length
and width ratio (W/L ratio) arecan be employed as key phenotypic evidence. Nevertheless,

the present methods of spikelet-based-traitsrelated trait analysis are still largely rely on

manual counting or varied post-harvest grain testing equipment, which is time-consuming,
prone to error, and costly. Here, we present an original analytic algorithm that can analyze
key spikelet-based traits based on images collected by high-definition cameras, photo
scanner, or smartphones, under both indoor and outdoor conditions. The vision-based
algorithm combines image processing and deep learning with domain knowledge in rice
spikelet measurement, which does not require any prerequisites such as threshing or post-

harvest processing. Besides the number of spikelets per spike, the algorithm can quickly

detect and measure complete rice spikelets from the acquired images, producing spikelet-

related traits such as grain length, grain width, W/L ratio, circularity, and grain coat color.

We chose 4918 rice varieties to verify the algorithm using images collected indoors and in

the field. BasedFor example, based on the resulisof-trait-analysis {e-g—the-nrumberof
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spikeletsper-spike-and W/l ratio);results, we examined correlations (i.e. the coefficient of

determination, R?) between the computational measures and manual scoring. Significant
positive correlations were concluded, with R? ranging from 0.850685 to 0.954595
(P<0.001, n = 2; 490-5;2144-4 930 spikelets) for the spikelet number per spike_trait, and
from 0.744571 to 0.847284 (P <0.001, n = 726-—1,524 454 spikelets) for the W/L ratio trait,
indicating a mechanistic link between the algorithm-derived traits and specialists’ scoring.
The results show that the work introduced here is low-cost, reliable, and suitable for

automated analysis-of spikelet-based-traits-in—+ice-phenotypic analysis of spikelet-related

traits in rice. Furthermore, applying cluster analysis, the 18 tested rice varieties can be

reliably divided into four categories based on the spikelet-related trait analysis produced

by our algorithm, enabling the quantification of phenotypic variation of these rice varieties.

Hence, we trust our work can have a wide range of applications to provide a high-accurate
and more generalized algorithmic solution to enable biological studies in this research

domain.

Keywords: rice; spikelet-based-related traits; automated image processing; deep learning;

low-cost phenotypic analysis of spikelets

IKAE (Oryza sativa) VEHE e B E PR VEY) 2 —, ORGP B0t vh (5 75 22 th S AR
BEERMSEFRER B2 ERE (FHEHE-2003;Ngayen2002Han 1 Huang 2013 ).
) PR R 7= B 1 B 22 K] 3R A5 AT 2570 BRI, A RORE ORI TR BT B S5 S oA R R, e
FERERLEO R KRG A R0y BR S AL AR T A R L, T TR BT 20 ok G R
58 (B T8 HO~ AR E g (R IEHESE 2004) o SRR BRI LI 45 4 i R4 R At 0 05
B EE R E 2020, K RFRRIR A — e P LR RE N8 S KRG S A 95 (Xl
T FLANEE I 2007) o PR LT FEORLAR SR 1) B0 73 HTE AN (T g 48 7 KRG 7 e L AF % 114
H DK Tl R AR I D] A 2 e SCEE T 7 SR B B AR bR (4 20 Li 55 20190
1), ] KRG AR B AR (] A= 7= v T AR R S B
FRALATEE MR AUKTE (IR IEESE 2006+—Zhao-25-2015) .

KRR R Y 4 0 KA N TG0, BRI 1 RORPOR G vt 0 S IS L RUASER o

ffgtt (Tester 1 Langridge 20100 [ B2 AF 57 2 30 i a1 41 P4 J5 (1) R At A7 54 = IR
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SRR (Wu 5§ 2019), 454 [[ipSp v&ilivy
M WL SE el R PR B b B Fh i 2% (45588-Duan 55 2011) BRATHBRL 5 AL
K& (Mandal 2018) 5ER. DA LBBEAFINEESAT P 7 B N LT, Setefaen 2
F— RN T BRA T o B 5 R RAE AN - T BRI A e (FAITES5 2018), H )
A TEEIE AR BEOR IEIZ T O SRS R AR MR B B 2 T B — (Zhao 4
2019+ Yang25-2020). MHICHEARTTEN 72 H WD REEERIZHE . (B E FhRR R 4848
WIS s Bl 7 (Yang 55 2021).

AR, A S S5SNI MBS 5 ST BOR, T EHGON R AORAH S R R 11
RN 7 — RPE AR flin, A

PP P-TRAP i1t
(AL-Tam 4§ 2013) 545 FH J) 3515 1 8 12 7 20 TR — 415 2000 M 542 ¢ B b PR AR VA B 8
TR L RO RRORT A, L0 B2 RORT PR I 75 S MR  AERA B AN T RoRn 5 8 R A i o
Gong %5 (2018) 454 X R AL B f2h e oA — LR/ N BOITUR A S 1) A3 W AT
R Al S, ABSARETE R R IR R, AR MED 2 B R AT K

A IR RN GUE R EDA 4T G =255 2014) BOCRFRIEANL (HEZ5 2019) 1 g ol
TS RAIE SRR B W 5% 2, 0 T 7 S RO B, (T V0 A i R S R L R
SRFEEII . Wu S (2019) B2 A SR (] AR RYRIR B 2 5] BSR4l f5 A Rl R
SER T BCHE R RIS 50, (RO e — M, HLGVEIE— 250 SR L « Colmer 25 (2020)

T B L% 2 S AN SRR B A 48— 15 5 B O RRIREAT B A VIR SR H, #Ef = i H

FFSEFR N TR HEAT HE S o

ZR PR, HATAE E N ANEERAT B R OJC 7 ORE L 2T R R SRR SR A R R 5
SERT G RERL BN AR AT DGR R 732 o S0 BRAE IR RV MNP 53565 PR Gt -4
R IR ST B /KRS i A 22 57t BB D) 76 SR, AT R T —Fhie
AR EL TN A S Y VA AN G A SN A A 1 = 4 2D
FERBERI A ) AT RS U SRE, SREH TR BETHL. il ML s i SCR R 1

- S = 5 SR R =
=717 LT = = = e S
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ANEBBIA], AR RIS HURL A Fe L2 & H ah i BB AN BEANTRFE 22 2] SE AR 70 4T,
JEiE Python ZifiE & MUTIRIEMGALEE . WS 22 SIS BT A BEw ] 1 el B4y e bR
FEMURARAL, AR A MRS RIS 2 AL A 41 1 R R AR 77 7%

1 HR5ERE
1.1 REMBMRERE

BT I SE B KRR & e E B kRS (A B ST SE S ANERARD.
FiRE CRaRE 467 RIS 7758 3 ANARFTD . JRACRE (“B1307. ‘Bl447 55 43 MR BLK
RIPREZR S AL (B4 “YY707 85 7 AN 24938 18 AR A, 36 sk .
TEAHE AT 2019 4E7E_BHERAVIKRER SR . T T S A0 B T HLA0 $5 0% i
M 1918 AR Bkik, BEEL T 8 AMERERIE SR 2E ORI, T 2021 AEFE LAY
et S A REISER, R 16 SKRIEDUT o FE/K IR RPN 58 IR RECR AR, He- [ = N Ah5E
AR R R

70 % PYSRIEEMG e R (B 1-A), KRR SIRY) (W RFRIBRE) $RTE
REEWE L, FEHOTREEN —ZEHE . FHEE R E AT, JE = R4
A BEARNL, FEROTIRSRIREIE L7 50 BRI IR mIE EE, /=N 5760X38405
760X3 840 B3R . 1EENAESEAFNT THRMUEGKI QR AR A= (B 1-B).
1 = AP AT BUECRE ( 1-C) [ B RE s R R
IALCE BB, MR T LN B 3% R E B R ThEe IE L7 RAERRREIG (B
1-D), J3 HiE—Hy 4460334204 160 X 3 120 B3 . BIALE BAHMDGL TR I EE B R
FERNS b= tH I — e R 22, st A Bl o TRAL BT T 8 — A

1 REFEEEG



Fig. 1 Image acquisition of rice spikes
A: FREABRAEEE: 1) Ha, 2) ZBE, 3) EHhE. AR, REMRERMEE; B: ERR

FooBAEg: C: BEAMFRFAAET X D: FAREGHBRLAR.

ZEERGIBFIRE S INE LT
AT ST B4k B2 20 b I R 3 T AL T L PRS0 0 R X R B L AR 2 S RN o
PLECHEIR a3 AT S 2ot . ISR A 7 B 7 LD (Paul Bourke 2011). Jedhidkiiiia

B 401k (Lee, T. C.45 1995). 12544 (Sebel Hl Feldman 2015 AT 2l
B R 5 (Felzenszwalb F1 Huttenlocher 2004) 4522 Ft G kb B 5 1A BB L,
T I BT SRR BRI G 58 A AR A DR 3 B A SR A

AR AEA SR S bk A A A0 97 X (Felzenszwalb) FE18 3R 7 Bl fE-H9 E 0 FHRLN
75 _CEPFE R AR 3R B P R O 1) — RANBR RN R, 2 HEUF A AR e i, A&

W TR A T 45 G IR 5 5 21 73 SRR A A sh4 P {5 40 2 285 BTl [ shide 0 511 5 Hdiedl
W75k, wrgh g b BN T BB R 50 B S MAE S HORFE T A 2 . AFEEH
VGG16 W% (Simonyan Al Zisserman 2014) H%E 1XFE R 2R 70 B 5 RRDN R PP 51 (73 A5
Mo, VAR B AR BESRE B RERE G R AT 4028 (RIS AR R AR sl e J LA Bdi 4D, fd

AT PRI 300 SRR 4 S ke 3 R D A 8 3R 0 1 S e, e RO B
DR Y R A PR b o e B PR R R B o I ZRIR PE 2 ST TN, SR T BEWLBE R N P Bk

(Stochastic Gradient Descent, SGD), W EHIUH5 1% (learning rate) 4 0.001. ZhEH ¥

(momentum) A 0.9, #JU) (batch size) A 10, TERLAYIIZRILE] 600 #2IK (epoch) KT,
I3 FRERULSH
1.2.1 BRI

SRR AT SLBLAE Windows 10 M ATHENL ESERL (CPU 2 17-9700f; GPU A Nvidia
1660Ti; AN 24G). fii I FI4RFEE 54 Python (3.8). SZHUAYE BT Al T ) 36 SR YRR 224K
PETF R a2 R 0 . UG ALFEE Scikit-image  (0.18.0); H¥EALFEE NumPy (1.19.2);
SciPy (1.5.4); ##E 45 %E Pandas (1.1.3); R 2> JFE+—PyTorch (1.7.0). HAFUEACHDE
It Jupyter Notebook 7€ il SFIAHE K, @it PyCharm ST KA (IDE) 58 AR5 4w
B ARV B (software profiling) K. TSGR R (1954 KBGO HORALEE
FIHL 5% 2] BB RIE T DL BRI R P




1.2.2 ANIHMFFEIT

ASHIT T 3 P GORN S P B R A AT A AR R R 2 CRIVRE S
BT BEAT U NTGETH e He T BUER, A L4k S amig B 8 b a9 e pH R I AR
B~ FET SEPRREAE, A CH TSN A i A p i A R RS . N 4R TRk
RIS, MOR ST 53 352 oo BT 1918 AN/KAR St A 70 S5 BEHLARE 100 ANRERL, A5 i s - )R
R KT OFFE 0.lmm), FFHEK S EISME . FIEHET T, AEFFCRH T4 PER
VA5 B0 SR B AR . AR 98 UM 5 & 2B N TG i e dt AT A S A o A
RIE R R? VPN SRR L B AR IR A P EA  BEAh, ARBFFLE ST 1 SRR
BLAKE T S bR R A LS4 AR Z X (8], SHEsESRRE AR b 73T N TS
FE—4 VIR S SR IR I 8 A MEIRTE AR R R MR R R i e O 45 R, B0k | B0EAE
PR 7 e A R o Y ep B AT ARt o o TR R S Rk SRR, AR ST A TRV R R
(Confusion matrix). ¥ (Precision). A% (Recall) 1 F) HEFMIRAERLE G404

BRI T 73 FRBRAE T I R I

1.3 BEEEETEGNBER S RE
1.3.1 ERFALIE
ST FEG3 AR B e e B AR AL B A I8 AT, PEMRAE S N SV B 2 55 8 R B
HEANTRALER . AR (R A4 AT R L 1 P 25— P DAEE 4 5 RIDE S A2 [ A4 ) R A
A, SRR (B 2-A) (4§ match_histogram 530K J6 45 TG A0 13 E B (83847 =
ABitiEiE (R RGB, ZL4¢W) ME 7 BT, Kk EHREAFEAT L (B 2-Bo—bkiik), DL
PN HA 3R B 25 B R R SRR R AR ORI LR . SRS I rescale Ry
A U~2) KRG HI_(RITE A S EG BT, K\ 2 5k R A R — e AT it
A HETA R SRR 10241 024X 683 (5K (R X B, K 2-C), {fijE8Hit
SO AT A R R AR AT 96.8% o TEANEERALMHT AL R ATIR T, 425 13570%

HRs PR AR R AN AR SR B AR I 75 I (R 4 0 1 2 70%~75% o

Y, = 1024 (1)
Y,

X =—XxX 2

1 YX 2)

A X Y SRETEG KA RERE: Xy YO PR30 BEKRE R R 1E .
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Fig. 2 The pre-processing process to calibrate input rice spike images

A: NG ER; B: B A ARG ST A EARE; C: BURE A T A e AR,

1.3.2 1REUKIEEGEREX

RAEE AR (B 3-A) 1T Cnfgill, pncs. R85 555 (BRAEDE)
ZARME RO AU LU EAFAE RO I B 5220, TR It A - unsharp-mask R GBI & 81
L B (Petrou A1 Petrou 2010 3853 MG A AT 1 ¢ A) 0] HE BRI 6,723 (8] 1) [X 43 (I

3-B), VDMEHEH 4R B IEN R{E 757 (Global Adaptive Threshold Segmentation) 4=J=:4¢

HU 417 5% _(Nobuyuki Otsu 1979). %F T EBUEHT 55 M, FIH label 1 regionprops B4 7t
FBEWR I B BRRTAERAE, SEBX AR ARG R . FIA SeiPy—
distance_transform_edt BRECTHE HARE X RIVTEER R, SCMRERE (26 24— mm)
BEG, TSGR G EEARI SR (B 3-C)o FIYHRIRLX Il 4235 €, BhHon A itk
J FEAE R 0 21 (0 0 T 8 JR) 38 38 N BB 231 (Singh 85 201295) &, AE SRS 40 M SR A
FEREAR A5 SO SB35 9-RGB B T 5 SRR AT VIR I 43 B (11 3-D).
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Fig. 3 The algorithmic workflow of detecting rice spike in the input image
A BEBAREMg; B: B3 REMNEFERMARG; C: AN fARENZ; D: RBAGRELL

3t 7 6 4B F R .

1.3.3 IREVEER X E 1%

PR AL ERE B, SA T e B IR T B AR X Ik ) TU ARG 4 CAnARERED
BT RRERE () FIBRIX I (3 EFE PAAERRENZER, FdHad Gl it
EURAE X 38 (P 4-Ad+), KB RIE N RGB BRE 25 (R F5 30 5 Lab B €825 1] (Sehanda
F-nternational Commission-onHlumination2007,¥E, FIEUH a JBIE (PR EFOAKIEL
MRS AL HAKFE e, I 4R S R R 4 BT AR O AR 1 SR (1] 4-B Lo
0o BT AR AR T RN AE R 4 DX 3, XA € Ay 2 A L 56 4 SR IR
B N T HREEER S, AEIEICRA T IREY " HB RN EAT AR (K 4-B T
). FIA skeletonize BR% (EURANML SIS SRECERRIRE — 4B 22, SRIGFIF Seibyth
f4-binary hit or miss BRI ZHEHUE 42 15 25 R0 5 SC 48 A T GE AR R (Zhou %5 2017 =4k
)s EAE LR G SO RUR S At (8] B 25 AH T (1
B8, H TR R R 10 [ A, WK Sl RGP i a5 XA AR i, T BA
s S AU B v, DA A e gk R b s 4 ST R RS, SRR SRS
2% (Breadth-first search, BFS) %% (Thomas H. Cormen % 2001) B == 1 1] f) —
eE 4 (B 4-BY), I EERIEZBUT SR B AFE Hfh oy 31T 8, B APAE Hofh o ST i,
5 X5 ity S AR BRI 1A 53 S O SRR i o DAL B REAE o AT R L
B X IR P I AGEAT , RIERFAE S B AR L o
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Fig. 4 The algorithmic workflow of detecting rice spikelet objects
A: BAEER; B: BHEHT WA EF LA : L3458 CIELAB &# = ) & AALAAR H 3R I
MR AL FE R, T, BEMEFLONRPAGARE B RAH BRI, C: BHEHTNFME

F TR BARA KR,
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RV T SRR T AR . USSR AE, ik AR IX I8, B R SRR A AR e
P L ERTEBE S AR X S5k o FESRE 25 R 5 T TR — i e e A S Xt T 58 R
L DX I AR R B AL B R K R AE (& 4-C)

1.3.4 FHEBERIEFEMRESR IMURERR
SR ORI B, SR PR R DO RR (1] 5-A) AL EIEIE R jet WG]
(] 5-B; Dbt &, PR EACRAZIBIE A MR Z T AL, R A URIEMB Z T O .
R, ik
SR A (3D KRGS R 4] 13 DR FEIERZE (min_size;
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Pasr

SR;

min_size; = {jl12<j<14,j€EN} 3

A PASRPasr ARERL X {5 KA (RixelAreapixel area of Spikelet Regionspikelet region),
SRATEILE (SegmentationRatiesegmentation ratio); FEIEARHT, j N LR EUE LRI,

SR; = j x 100.
AR, RS GR35 A B B, LU AR 4
MIIAIIE , R K56 5 B\ (0 6 B 00 D € L AT AR B4 R M

Sy, 41 13 AN 45 R
RS e A H R e b S B R e SR (8] 5-D S
Fofrte; RPN SAD I EN GO FRISERINIDG SRmERGL&)E (K 5-E), A
FEHLE oy BNt GO B R R AR A (B 5-F)o DA Lo B R O R (1 fspr B B ER
Kif7 fifi £t th Pandas #3212 e8I EE . H T /5 SEARCE SRR X458 ST IRy
B

T FFREXT AN R AR AR 1 8 P R 3 2 R B e o O AR 70 351 2 B0, DRAIE A R ARORE %
FRRLHE A R, AR BRGNS T 25 G IR o 2] 73 S SR B (e A A5 S b 200 1 b
W ITE . FEREOA G Jailad 1000 5K Hy A T 4328 (A A0k 1245 b 8 AURE X 5 90 2K 1Y
S, 1%78: 1
1 EEBR > i gRbe . e At . SR)e B BEN LR I iee . (i 3. K. Tk
e 5ot S A 0 R A AT BB B 1 0 (

VGG16 #A! (K 5-G

—data augmentation), )il
SRR DR i Y (2 A RE ). PL ARSI | SO R SR I 25 Bl il Py Torch ¥ &5
B2 ST

¥ 13 HEREGES (B S-F) R ANNZRIEH VGG16 73 KA, EEE 5 N
CHOpREOR AR B A B ), K0 28 0m I ERR SR A A7 IRAE 2 e dln e b o B 70 BV EE AR
ANEIR AR, AR ZON RN R K73 F 2B R 73 1) CRESRL T80 20 ) o 98 305 79 1) (R
RITH 0L 220, 73 #0145 5 v i) SRR B0 0 2 FH 7 0 PRSI KD B8l (3R 1) B
T 03 255 SR AR Bt 2, ] Kneedle 3 2590 B (Satopad %5 2011), 5 B plEE
FIHCEE 73 1 L 2R AR YA 45 e, BETTAE A 23 s A s B2 A 23 B L (il 9 5000 1
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NET TS HUa, FERIG D PR B PR Z R FI LR AT R R &, i iREE
RS- E ARG R o XA KRS i, AR SR s 287 AR A NL K 0 B S5 IR AR T4
FIRERINS S 1) BEIEE  RP 45 2R (I 5-D

MR BIRES BN
RN EIER
(min_size) &%

| haiEn
| mrrs

X E %

| H G F
1_ EJJ'” VGG16 183! i
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E 5 ZEBEREEMRESRIMURIERNELRIE
Fig. 5 The algorithmic workflow for detecting rice spikelets by combining superpixel and deep-learning
techniques
A: KASAEA KA B: RELEDBER TN C: RAFTKLREZPFHAZEATRRAR D2 H @R
%% (B min_size) MARBE#ITAEMRESE; D: SR AE min_size ARG LE L FILER; BE: 5
F G ekt AR F: ME SR EREBRGAER: G BT ATFERLERINEY VGG16 A 34E

KBTS R H: 2P REEFR A EDALE, stmit AP~ ERBOREARREDF S 10 1A

AL Bt X RARF RS FI BRI R

&1 ERATRNEILERNBERE LR EN RS
Table 1 The number of individual spikes produced by the Felzenszwalb superpixel algorithm using a

range of segmentation ratio

75 1 2 3 4 5 6 7 8 9 10 11 12 13
srE|LER 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400
LE<RECY ST Gy 18 67 101 114 123 123 125 130 131 132 143 150 151
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1.3.5 SENHHENTH
AR B R SRR R B IR, ZRG A T SRR B R SR A e S LAl Bl S0 (&=
e 2 MBERER AR ), B AKX (2=44~6) 5EM:

R= ’i? &)
A
E — ({'RT]“*‘—L—Rr‘ERT]‘E—L {3\
R e w7
M
e 7
i=1
A.
_([R]+1 Ri—I[R]=>T
Ei= { Ri] R —[R]<T )
M
N =Sg+ Z E; (6)
i=1

A A A HAB B S b 58 i AR SRR RIGTE R (R, A SRR 4 a0 4R
Fir A AL T ST AR (R R B0 s Ry T SRR B rh i) AR &, A A FTARY HEAE (£R
B ANED s E IR R DU B (4 RO RERI S, BEXT AR R ™ B A BRSO AR
Ko KA 7 2R BET RAWR, BIE K& ARR RGEXS PR 18 A/ b e 9 1
i, WENFH0.4); SSg R R G & IMEE; NRAMREG R NS R
1.3.6 FERIMEREVEHN T

IR RERE AR R AT DGR, AR 7 SR el R 5E A
SRR AT o 3 I B AR B (AR ST AR 30 F ) P DA B T 3 ) 5 i
MEMEERIEE, B 122 Th TR R R 2R R, e BRI KA
F5E N B o S S RO G r o R AR 5 (R ALV 83 R A SRR BE b o bl 3 AR
X RHHR R VLRV, BN Hab Il s 5 AR A LR T SRR 22, PRI SRR i
R AR B B REORE T8 BEPERBEAT A 5, R A (5):

£

AL — T =AY
vV

I
Rat-

13



L

= Rar (7)
X WANRKITERE, LNERIKE, Rat NERIHIK 5L (Length-to-width ratio).
SRR TP T R AL (8):
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Table 2 Confusion matrix

SEbRAy 2
TRIE AR
R HoAth
A Tp=0.913 Fp=0.087
TR 4325
HAh Fy=0.104 Tn=0.896

Wk 12 7, XY IEAT PRI, B RS B A 0.913 B EIERA 0.898 F1 A 0.905.,
75 B I TR AR R AE ok B Rk 3 AT 0 SN R R, T N T e SR B RRRL A 202K
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Fig. 6 Spikelet-based phenotypic analysis
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Fig. 7 Trait analysis results and the correlation analysis
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Fig. 8 Trait analysis of rice spikelets base on in-field image collection using smartphones and
correlation analysis
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Fig. 9 Cluster analysis of rice spikelet-related traits measured
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A5 72 3 Hrond BAE P 5 3945 2 AR A 27 S dfAT 1 o BT bR, R 3 P, D SRR
(1) 4 FoRmEAM R, S BT B S PR P AEY/INE 0.05, 5N THRG RN 4 58
AREEMEHEARZE R (P AE /T 0.05) Z5 5L, i Wi AR 7t 59000 A5 (1 RO AH DGR
BE M GE it AR AN [F] A e it P ] (R R

*3 WBEATERMEES IS 18 MK FEMMREH 4 XMRER ETEKIHE)

Table 3 Phenotypic differences of four clusters in 18 rice varieties obtained through manual scoring

and algorithmic analysis (in mm unit)

LERIN £ I m v FfE PfE
S
Tk £ 233.75450.45 348.50445.96 185.67433.95 241 3.29 0.0452
Kl 3.58+0.21 3.884+0.42 2.76+0.14 3.43 922  9.29E-04
kK 9.5140.46 9.3540.35 7.631+0.38 11.2 14.56  9.97E-05
L 2.66+0.12 2.45+0.35 28402 3.3 491 0.01235
AT A 15.7940.90 14.0442.66 12.1640.81 21.92 1493 8.73E-05
AR 20.454+1.08 20.12+1.21 16.3240.78 25 1422 1.12E-04
A BiAES 0.48+0.04 0.43+0.03 0.57+0.02 0.44 83 3.44E-03
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POAEREN 121.89+9.54 88.66+12.21 136.35+8.3 100.81 8.01 1.75E-03
ANTHEE

iy A 243.33+41.93 398.5+9.19 184.33+28.11 348 14.75 1.29E—04

R 9.31+0.35 9.3140.11 7.33£0.29 9.68 31.44 1.78E—06

B 2.56£0.16 2.411£0.01 3.194+0.10 1.95 23.05 1.11E-05

Kb 3.65+0.25 3.88+0.06 2.30+0.17 5.11 47.15 1.45E—-07
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