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LMS PREDICTION AND KALMAN FILTERING FOR THE PROBABILITY
OF THE MAIZE DISEASE OCCURENCE

The paper is devoted to an urgent agriculture problem such as the maize disease occurrence prediction. The
data for the probability of the maise disease occurrence used in the paper are taken from the dataset of professional
weather stations from Metos by Pessl Instruments using the FieldClimate loT platform, access to which is provided
by Metos Ukraine LLC. The data are collected from September 2022 to September 2023 with a 1-hour interval for
the Dnipropetrovsk region. In our recent papers the data prediction is made on the basis of the neural networks.
It should be stressed that the data contain discontinuities, so the question occurs whether the data smoothing
may enhance the prediction. In our recent papers we used the smoothing algorithm which is based on an artificial
exponential decay which is used in order to smooth the data discontinuities. However, such an approach is rather
artificial one. So a question occurs whether a standard smoothing algorithm, for example such as the Kalman one, may
enhance the data prediction. For simplicity, in this paper we restrict ourselves to the investigation of the LMS prediction
of the smoothed and non-smoothed data. It is shown that the Kalman filtering may slightly enhance some metrics
of the LMS prediction. The corresponding investigation for the neural network prediction may be a plan for the future.

The aim of the work is to investigate the LMS prediction of the probability of the maize disease occurrence in
the case where the data are non-smoothed and in the case where the data are smoothed on the basis of the Kalman
algorithm.

The methodology consists in the Kalman filtering and the LMS prediction of the data for the probability
of the maize disease occurrence.

The scientific novelty consists in the use of the Kalman filtering of the data for the probability of the maize
disease occurrence in order to enhance the data prediction.

The conclusions are as follows. The data Kalman filtering may slightly enhance some metrics of the LMS prediction.

Key words: Kalman filtering, LMS prediction, probability of the maize disease occurrence.
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LMS NPOTHO3YBAHHA TA ®IIbTPALIA KAJIMAHA
Ans AMOBIPHOCTI BAHUKHEHHA XBOPOB KYKYPYA3U

Cmammsi npucesiieHa makill akmyarnbHil npobnemi CibCbKo20 2ocriodapcmea, SK MpO2HO3Y8aHHS
3ax80pro8aHHS KyKypyd3u. BukopucmaHi 8 pobomi 0aHi Ot iMOBIpHOCMI 8UHUKHEHHSI X80pobu KyKypyd3u 83smi
3 Habopy daHux npogheciliHux MemeocmaHuit Metos eid Pessl Instruments 3a dornomozoro nnamepopmu FieldClimate
loT, docmyn do sikoi Ha0ae TOB «Memoc YkpaiHax. HaHi 36upanucek 3 eepecHs 2022 poky 1o eepeceHb 2023 poky
3 iHmepsasnom & 1 200uHy 0ns [JHinpornemposckKoi obnacmi. Y Hawux ocmaHHix pobomax npo2Ho3ye8aHHs daHuX
3pobrieHO Ha 0CHO8I HelPOHHUX Mepex. Crid midkpecnumu, wo 0aHi Micmsimbe Po3pusu, MOMY BUHUKAE NUMaHHS,
4u MOXe 3eria0dxyesaHHs1 OaHUX NMoKpawumu npoeHo3yeaHHs. Y Hawux HewodasHix pobomax Mu 8uKopucmosysasu
anzopumm 32nadxysaHHs, KUl 6asyembCsi Ha WMyYHOMY €KCrIoHeHUilHoMYy criadi, SKul 8UKopuCmo8yembCs
0ns 3anadxysaHHs1 pospusie GaHux. OOHak makul nidxid € docums WMy4yHUM. TOMy 8UHUKAE MUMAHHS, YU MOXe
cmaHOapmHul anzopumm 32n1adxysaHHs, Harpuknad, makul sk aneopumm Kanmara, nokpawumu rpoaHo3yeaHHs
OaHux. Ons npocmomu 8 yiti cmammi mMu obmexumocs docrnioxeHHam LMS npozaHo3ysaHHAM Onisi 3enadxeHux
ma He3enadxeHux 0aHux. lNokasaHo, wo inbmpauis KanmaHa Moxe mpoxu nokpawumu Oesiki nokasHuku LMS
Mpo2HOo3y8aHHs. BidrnosiOHe OocnidxeHHs 071 MPO2HO3y8aHHS Ha OCHOBbI HEUPOHHUX Mepex Moxe bymu rnaHom
Ha malbymHe.

Memoto po6omu € docnidumu LMS npozaHo3ysaHHs1 (iMOBIPHOCMI BUHUKHEHHST X80pobu KyKypyd3u y eunadky
He3znadxeHux daHux ma y eunadky 3anadxeHux daHux Ha ocHosi arzopummy Kanmaa.

Memodosnozis nonsizae y insmpauji KanmaHa ma LMS npoeHo3ysaHHi daHux 051 UMO8IPHOCMI 8UHUKHEHHS
X80p0obu KyKypyO3u.

Haykoea HoeusHa rionisicac y eukopucmanHi inbmpauyii KanmvaHa OaHux 0O UMO8IPHOCMI BUHUKHEHHS
X80p00U KyKypyO3U 3 MEMOH MOKPaU,eHHST MPO2HO3y8aHHS OaHUX.

BucHoeku ¢ makumu. @inbmpauis 0aHux Ha OcHoei aneopummy KanmaHa moxe Oew,0 nokpawumu OesiKi
nokasHuku LMS rnpogHo3ysaHHs.

Knrovoei cnoea: ®insmpauis KanmaHa, LMS npoeHo3y8aHHSsI, UMO8IpHICMb 8UHUKHEHHST X80pobU KyKypyd3u.
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Introduction. An urgent agriculture problem
devoted to the prediction of the probability of the
maize disease occurrence is considered in this
paper. We use the corresponding data taken from
the dataset of professional weather stations from
Metos by Pessl Instruments using the FieldCli-
mate IoT platform, access to which is provided by
Metos Ukraine LLC, see (Laktionov et al, 2023;
Diachenko et al, 2024). The data under investi-
gation contain discontinuities, so the data may be
smoothed in order to enhance the prediction. In
paper (Diachenko et al, 2024) the use of exponen-
tially decreasing functions is proposed to describe
the data smoothing in the vicinity of the discon-
tinuities. However, such a trick is rather artificial
one, so in this paper the data smoothing based on
the Kalman filtering is considered. Kalman filtering
is rather popular for the prediction improvement;
see, for example, (Lai et al, 2019). In papers (Lak-
tionov et al, 2023; Diachenko et al, 2024) neural
networks were used in order to obtain the data pre-
diction. For simplicity, in this paper we restrict our-
selves to the use of the adaptive LMS prediction
method, which is rather popular in the literature,
see, for example (Tajdari, 2021; Prasetyowati et al,
2021). Both the prediction of smoothed and non-
smoothed data are investigated.

Investigation of the LMS prediction of
smoothed and non-smoothed data. The data
under consideration, see (Laktionov et al, 2023;

1p,%

100 |

]

Diachenko et al, 2024), is shown in Fig. 1 where
p is the probability of the maize disease occur-
rence and n is the number of a point; the data
are collected from September 2022 to September
2023 with a 1-hour interval for the Dnipropetrovsk
region. The data contains more than 8000 points.

As is known, the algorithm of the Kalman filter is
as follows, see (Lai et al, 2019; Gusev et al, 2019).
Let us suppose that physically the data obey the
equation

p,=ap,, + bun—l + Z::sn-l (1)

where &, is a random process which describes
the random character of system evolution, u, is
the known quantity which governs the system evo-
lution, a,bare known constants. Let us suppose
that the data are measured by a noisy device
which readings are

z,=cp, +n, )

where 1, is a random process which describes
the device error and c is the gain coefficient. The
filter error, &, and n, are supposed to be inde-
pendent stationary processes.

Let us denote the smoothed data as p* . At the
first step we put

opt

P =p,, (el)=c (3)
where (e?) is the mean square error of the Kal-
man filter and cﬁ is the variance of the process n,, .
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Fig. 1. The data for the probability of the maize disease occurrence
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Then at each step the following recurrent formulas
are used:

pr?p[ = + bun—l) J

Knpn + (1 - CKn )(apsi

a’ (e, )+o?
=c

2 2,2 2 2 2
o) +c’a’ (el ) +c’a?

()=

n __2 2,42 2 2 2
o) +c%a’ (el ) +c’o?

a’(el,)+o?

(4)
where cg is the is the variance of the process
&,. According to (Lai et al, 2019), the follow-
ing parameter choice should be made: the gain
coefficient ¢ =1, the physically process does not
change its state at each step, so a=1, b=0.In
such a case the expressions (4) read as

P =Ko, + (1=K, )p7%
B <ei_1>+c§ A <e,2,_1>+c§
Kn = Gi +<er27_1>+0_§ ’ <eN>_GnW' (5)

In (Lai et al, 2019) it is stressed that cf] should
be known on the basis of the device characteris-
tics and c§ should be artificially chosen in order
to obtain the lowest prediction errors. But in our
case the data for the probability of the maize dis-
ease occurrence is calculated on the basis of a
couple of measurements which are considered to
be rather accurate. So, in this paper we artificially
put (52 =1 and we investigate under which values
of cﬁ the prediction of the smoother process leads
to the most reliable results.

In this paper we investigate a one-point-forward
prediction based on the LMS adaptive algorithm.
In fact, we provide the prediction algorithm for
the smoothed data, but we consider the obtained
result as a prediction for the non-smoothed data.
The LMS algorithm is as follows, see, for example,
(Tajdari, 2021; Prasetyowati et al, 2021). The step
size p and the algorithm depth N are chosen. Let
us denote the predicted process as p. The first
N points of the predicted and actual process are
considered to be the same and at the zero step the
algorithm weights are considered to be zero ones:

p,=p, n=1N; h®=0, j=LN. (6)
Then a one-point-forward prediction at each
step n> N is as follows:

N
0> hp® <0
j=1

N
100,> h,p? > 100,

1

N
> h,p” otherwise
=1
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- b, (7)

here we take into account the fact that obvi-
ously p, €[0,100]. The following prediction met-
rics are investigated, see (Laktionov et al, 2023;
Diachenko et al, 2024):

P = H D 20 i~IN,

M
RMSE = \/L

_\2
M—Nj:,\,+1(pj_pj) ’

1 w _
MAE = mj:NZ;pr -py|’

f (P, _5/')2

j=N+1

> (p; —<p>)2

j=N+1

R =1- ®)

where M =8658 is the number of data points,
and here it is taken into account that only the points
with numbers N+1, N+2,..., M are predicted.

First of all, we investigate the case where N >2
. An exhaustive search of the parameters o, (in
the range o, €[0,1] with the step equal to 107"),u
(in the range p €[107;2-10°°] with the step equal
to 107) and N (in the range N <[2;20] with the
step equal to 1) is provided in order to obtain the
minimal MAE value. The corresponding results are
given in Table 1.

Table 2
Minimal MAE values in the case N=1

G, Minimal MAE | Corresponding p value
0 0.823 9.1-10°
0.1 0.825 9.2-10°
0.2 0.828 9.5:10°¢
0.3 0.836 9.9-10
0.4 0.847 1.06-10-°
0.5 0.863 1.12-10°
0.6 0.883 1.23-10°
0.7 0.905 1.38:10°°
0.8 0.930 1.58-105
0.9 0.956 1.89-10°

1 0.982 2.00-10°

The value o, =0 describes the non-smoothed
data. So, as can be seen, the data smooth-
ing enhances the corresponding prediction, for
o, =0.7 we obtain the minimal MAE value during
all the above-mentioned exhaustive search, and
the corresponding MAE value 0.884 is less than
the MAE in the case of the non-smoothed data.
In the case of the non-smoothed data (csn =0,
N =10, p:8.8'10’6) we have MAE=0.919,
RMSE =5.22 and R?*=0.912 while in the case
where o, =07, N=9, n=145-10"° we have
MAE =0.884, RMSE=5.14 and R?=0.915, so
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the MAE and RMSE metrics are better for the
considered smoothed data rather than for the non-
smoothed data. The corresponding actual and
predicted values for the probability of the maize
disease occurrence are shown in Fig. 2

Let us investigate the case where N=1. A
similar exhaustive search of the parameters o,
and p is provided in order to obtain the minimal
MAE value. The corresponding results are given
in Table 2. As can be seen, the data smoothing
does not enhance the MAE value. However, for
example, for the case where c,=01, N=1,
n=9.2-10° we have MAE = 0.825 , RMSE = 4.995
and R®=0.920 while for the non-smoothed data
(6,=0,N=1, u= 9.1-10°°) we have MAE = 0.823,
RMSE =4.997 and R?=0.920, so the RMSE
parameter is slightly better in the case where the
data is smoothed. It should be stressed that in the
paper we write the investigated values rounded
off up to three significant digits except for the
above-mentioned RMSE values. The correspond-
ing values are given rounded off up to four signifi-
cant digits in order to demonstrate their difference.

The actual and predicted data values for the
case o, =0.1, N=1, n=9.2-10"° are shown in
Fig. 3. As can be seen, the MAE and RMSE metrics
are slightly better for the case N =1 rather than for
the case where N >2. However, some peaks are

— actual data
predicted data

Table 1
Minimal MAE values in the case N22
Minimal |Corresponding | Corresponding
On MAE u value N value

0 0.919 8.8:10°° 10
0.1 0.918 8.9-10° 10
0.2 0.914 9.3-10° 10
0.3 0.908 10°° 10
0.4 0.900 1.14-105 9
0.5 0.893 1.26-10°° 9
0.6 0.886 1.41-10°° 9
0.7 0.884 1.45-10°5 9
0.8 0.888 1.5:10°° 9
0.9 0.899 1.5-10° 9
1 0.919 1.49-10°° 9

better predicted in the case where N >2 rather
than in the case where N=1.

Conclusions. The paper is devoted to an
urgent agriculture problem of the prediction of
the probability of the maize disease occurrence.
In this paper for simplicity we restrict ourselves to
the LMS prediction algorithm, and it shown that
the Kalman smoothing of initial data may lead to
the enhancement of some prediction metrics, in
particular, the RMSE one. By comparison of the
obtained prediction metrics we can conclude that
the LMS prediction may work not worse than some

57

Fig. 2. Actual and predicted data for 5, =0.7, N=9, 1=1.45-10"°
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2000 4000 5000 8000 n

Fig. 3. Actual and predicted data for 5, =0.1, N=1, n1=9.2.10°

neural networks in some cases, see, for example,
(Diachenko et al, 2024). However, the Random
Forest neural network leads to better prediction
results for the data under consideration rather than
the LMS prediction, see (Diachenko et al, 2024).
The corresponding investigation of the Random
Forest prediction on the basis of the Kalman
smoothing may be a plan for the future.
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