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(54) IRRIGATIONSYSTEM CONTROLLERPROCEDUREWITHARTIFICIALINTELLIGENCEBASED

OPTIMIZATION

(67)  The below described solution estimates pro-
spective environmental outlooks that stochastically influ-
ence irrigation system controls through artificial intelli-
gence optimization of inter competitive mathematical
models.

Synchronic consideration of multiple evaluation as-
pects allows to control sluices, pumps and other field
elements of irrigation systems along the best optimal es-
timations and water demand.

Estimations are calculated on the basis of own sen-
sor data of the control system. Actively controllable sys-
tem elements are set up on the basis of the balance of
expected water wastage and proposed water usage.
Each and every mathematical model variant competing
with each other for control authorization, that are involved
in the optimization of control system, is calculated in eve-
ry case. Numerous model indicators are calculated
based on certain model variant estimations and exposed
data.

Along the every model is uniform in different ways
analogy (v6. Pitlik, 2006-2009, My-X projekt, INNOC-
SEKK-program) the most sustainable model will be the
basis of calculations in an actual control decision. The
above described ideal-based control after adequate
amount of experience switches to function-optimization
learning process, confronting model attributes with ex-
perimental results in a case of optional number of model
variants, from which authorisation will be given according
to the above described analogy, where the ideal-search-
er model itself stays active among competitor models.
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Description
Hardware

[0001] The hardware development can be divided into
two groups: the developed equipment, and the acquired
and integrated equipment.

[0002] With the help of equipment that is integrated,
technical controllers implement the operation of field el-
ements (pumps, complete water station, meteorological
station, etc.) of the system, involving server hardware as
well.

PCM equipment

[0003] Control of field elements of the system is con-
trolled through PCM (Pump station Control and Monitor
hardware devices) devices that can be installed into
racks. The devices are acquired according to the same
configuration, including the below listed modules:

PCM-1011 central control module
PCM-1014 uninterruptible module
PCM-1016 analogue sensor control module
PCM-1017 digital sensor control module
PCM-1023 sabotage protection module
PCM-1024 data archiving module
PCM-1032 netcam module

PCM-1054 controller module

[0004] The devices ensure the operation of field ele-
ments with the following functions: Pump start and stop

Pump performance control

Pump performance monitoring

Pump performance prorate water volume
Headwater and foot water depth measuring
Sluice opening and locking

Sluice position control

Sluice position monitoring

Water depth measuring

[0005] The equipment except the above listed tasks
meets the below requirements also: Autonomous oper-
ation and control, without a server connection

Local data collection

Data transfer towards servers
Server-side synchronization
Sabotage notifications

o inadequate operation

o power supply malfunction

o accumulator failure

o abnormal operation changes

Firmware development possibility
Firmware solutions expandability options
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o synchronisation of new devices, sensors

The possibility to install into an electric box
Server synchronization with the security hardware

Server devices

[0006] The procedure described in point 1 of this chap-
ter requires server devices with the below functions:

HP Proliant DL380 servers (2 pieces)

o virtualization

o server management

o operating NGW software
o redundant data storage

= RAID
= data synchronization

o software replication and redundancy
o redundant network connection

o database running

o Business Intelligence running

o redundant power supply

o Rack architecture

HP Proliant DL120 server

o virtualization
o project development support environment

= version management

= document management

= data storage, user storage

= project communication storage

= test system configuration

= strategic plan management and storage

o monitoring functions
o Rack architecture

PCM 5000

o data security centre
o contact management with PCM hardware

= configuration management
= data storage
= data integration supervision

o network connection management

o data transfer towards NGW software
o NGW module supervision

o Rack architecture

[0007] According to an adequate server physical ar-
chitecture racks are required with network connections.
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New hardware

[0008] The developmentprojectrequires newly invent-
ed devices with the below functionalities, supplementing
water management data collection with additionally
measured parameters.

compatibility with PCM-2015 devices

data communication through PCM-2015 devices
data communication with PCM-5000 devices
wireless communication in cases of external devices
energy-efficient operation

robust architecture

weather-resistant design

simple maintenance

integrated microcontroller

expenditure optimization

Software

[0009] Differentsoftware modules have to be designed
in orderto realize main functions. Tasks are implemented
through four main modules communicating with each oth-
er through interfaces.

[0010] The software includes the following main mod-
ules:

Data collection module

Data assessment module

Timetable module

User client module

The above modules are accessible through a mobile
software: the erPUB.

[0011] The software functionalities are describedinthe
following:

Data collection module
[0012]

¢ data collection device identification, verification with
a predefined schedule, or predefined events

* datatransferfromthe collecting device, datadeletion
from the collection device

* log saves according to data transfers

e data storage in the database

¢ implementation of basic corrective calculations and
data storage in the database

* collection of sabotage notifications from the Connec-
tion Security Centre

* sabotage event notification through the Client mod-
ule

e notification management log

Database

[0013]
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* chronological storage of measured data

* weather data

* water level

e water movement (cubic metre)

e water quantity calculated in a certain sector

e water quantity measured in a certain sector

» difference between the calculated and the measured
data

e calculated leakage

¢ calculated evaporation

* sabotage notification information log

Data assessment module
[0014]

* search for hidden connections in the database

* basis formula refinement through modelling

e chronological storage of measured and calculated
for further analysis and support

Database

[0015]

* storage of measured and calculated prognoses
Timetable module

[0016]

e collects water quantity demand

o emergency management - inland inundation,
floodwaters
o agricultural entrepreneurs - irrigation demand

e cumulates quantity requests, calculates the amount,
place and time of surplus

¢ calculates water movement demand

e collects water movement data

e cost and charge calculations, financial optimization

* elaborates and constantly refreshes water transport
timetables

¢ send mechanical control orders to the data collection
control device

e work logs of manual operating demand

e supervises operating implementations

e operating log

e tender prompt request management

e operating plan elaboration and management

Database
[0017]

e operating physical and financial data
e actual water level and quantity data
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* waterleveland quantity data in a chronological order
e operating log

User client module
[0018]

e user authentication

e data input to different modules

* data transfer according to requests

¢ business processes, workflow

* notifications

e data transfer to external data processing software

Field of the Invention

[0019] The present invention relates to the manage-
ment and conservation of irrigation water, primarily for,
butnot limited to, residentialand commercial landscaping
applications, and more specifically, to a greatly simplified
method for doing so based upon seasonal temperature
variations and geographic locations.

Description of the prior art

GPS, or general problem solving based on Occam’s ra-
zor

[0020] The products of modelling processes may not
be generated based on arbitrary simple principles, be-
cause the risks through the theory of aimlessness and/or
overfitting should always be managed. The solution pre-
sented here and now tries to model the phenomenon
"consistence" in the frame of similarity analyses and not
in the parallel way of classic argumentation techniques.
This solution uses the Solver-module as a kind of infer-
ence machine.

OAM

[0021] Almostuniversal strategic a numeric framework
(GPS - general problem solver), its input data is always
an object-attribute-matrix.

SUMMARY OF THE INVENTION

[0022] The system includes more interconnected in-
novative layers:

e the primary control layeris based on an optimal water
usage model, which has alternative layers in certain
model variants and the composition method and pro-
cedure of these is interpreted as know-how (similar-
ity analysis, special neural webs, special explorative
models)

* the strategic layer of control is based on competing
model variants and on the automatic choice between
them, targeting an ideal mathematic implementation,
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which is a know-how

* the adaptive layer of the control is composed of a
data-based learning problem

* the sensor layer of physical devices and the gener-
ated primary OAM from measured data is a know-
how extracted from specialists know-how

BRIEF DESCRIPTION OF THE DRAWINGS
[0023]

1. figure: System elements

2. figure: OAM to a main problem CBR-based com-
prehension

3. figure: OAM to a sustainable model choice opti-
mization

4. figure: Processing part-results

DETAILED DESCRIPTION
1. figure: System elements

[0024] The physical system contains standard ele-
ments that can cooperate with a special multilayer control
system on the input and output side.

2. figure: OAM to a main problem CBR-based compre-
hension

[0025] The OAM is a flexible logical frame, which ele-
ments can be zoomed, aggregated, edited, integrated.

3.figure: OAMto a sustainable model choice optimization

[0026] The choice between model variants is made on
the basis of competing raw and hybrid models. In case
of attributes every mistake can be minimized.

4. figure: Processing part-results

[0027] Data processing consist of more steps deriving
from revealing the ideal model variant, minimizing risks
of mistakes.

[0028] The system consist of the following elements:

«  WMS (Water Management Server)

¢ NGWMSW (New Generation Water Management
Software)

e SecHW (Security Hardware)

e PCM - HW (Pump Control &Monitor Hardware)

*  Wireless Sensor

*  Existing infrastructure

PATENT CITATIONS
[0029]

Pitlik, L. 1993: Automatisierte Generierung problem
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spezifischer Prognose Funktionen zur Entschei-
dungsunterstutzung-hftp://www.econ-
biz.de/Record/automatisierte-generierung-prob-
lemspezifischer-prognosefunktionen-zur-entschei-
dungsunterst%C3%BCtzung-pitlik- 5
1%C3%A1sz1%C3%B3110004338037 - PhD-Dis-
sertation, JLU-Giessen, Germany INNOCSEKK-ap-
plication (2006-2009 - http://nkfih.qov.hu/palyaza-
tok/ktia/tamogatott-proiektek/2005/baross-gabor-
program-150203 - Online elemzési szolgaltatasok 70
fejlesztése Crew-Pa Kft. 24 900 000)

MIAU documentation https:/  /www.goog-
le.hu/search?g=hason-
l6sagelemzés+site%3Amiau.gau.hu MATARKA
documentation https://lwww.goog- 75
le.hu/search?g=hasondsage-
lemzés+site%3Amatarka.hu Similarity analysis li-
cence: HTTP://MIAU.GAU.HU/MIAU/MT-
MT/20150705/ALKOTAS 97.HTML

20
Claims
1. Adaptabilityimproving modules/procedures of irriga-
tion control systems: 25

a) defining the sensor set

b) defining the derived phenomena

c) defining the sensor-based object-attribute-
matrix (learning formula) 30
d) defining the models

e) defining the model creation software frame-
work, creation of models (estimations)

f) defining the estimation error-variants and the
calculation of them 35
g) the error-based object-attribute-matrix (learn-

ing formula)

h) anti-discriminative modelling and/or standard
similarity analysis

i) function-symmetry-based consistence-moni- 40
toring subsystem

j) defining the best alternative choosing algo-
rithm (automatic decision)

2. The procedure described in point 1 of the present 45
chapter produces a cloud-based computer software
which’s architecture contains the described layers
and elements.
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OAM Al AZ Al Ad A5 Y
o1 58 22 82 62 93 44
02 62 73 86 82 60 56
03 50 g2 4G 46 32 95
04 86 87 9 o4 25 15
05 99 48 36 88 44 48
06 42 83 1C 1" 12 15
o7 44 69 13 61 91 98
OB 43 55 22 a7 28 28
09 14 67 85 85 51 22
010 30 74 50 o7 26 60
o1 12 20 g9 66 11 46
012 62 84 I 11 76 50
013 26 68 22 19 11 70
figure 2
OAM learn- | learn- learn- testq | test- test- ratio-q | ratio- Y0
q abs pearson abs pearson abs
reg-abs 1000
8 T 8 4 4 1 1
reg-q 7 8 7 6 5 2 2 1000
nn-acdd-abs 1000
6 6 5] 1 3 3 3
nn-add-q 1000
3 4 3 2 B 6 6
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nn-multi-abs 1000 |
2 2 2 7 7 8 7 7
nn-muiti-q 1000
1 1 1 8 8 ] 8 8
nn-mcm-abs 1000
5 3 5 3 2 1 4 5
nh-mcm-q 1000
4 5 4 5 4 2 5 4
figure 3
COCO:Y0 | X{A1) | X(A2) | X{A3) | X(Ad} | X(A5) | X(A6) | X{AT) | X(AB) | Estimate | Estimate+0 | Delta | Delta/Fact
o1 0 1 0 5 3 4 975 |12 1000 1000 0 0
o2 6 0 1 3 2 3 974 |11 1000 1000 0 0
o3 7 2 2 962 |7 5 5 10 1000 1000 g 0
04 19 4 5 961 |5 2 2 ) 1000 1000 0 0
05 983 |6 B 2 1 0 1 1 1000 1000 i 0
06 984 |7 7 0 0 2 0 0 1000 1000 0 0
o7 8 5 3 6 6 965 |4 3 1000 | 1000 0 Q
03 9 3 4 4 4 964 |3 9 1000 1000 0 0
figure 4
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COCO:YD learnpearson Estimate | Fact+0 | Delta | DeltalFact | control
reg-abs 493.1 0| 5011 994.1 1000 5.9 0.59 valid
reg-q 492 1 151 5001 993.1 1000 6.4 0.64 valid
nn-add- 4841 25 5066 1003.1 1000 -31 0.31 valid
abs

nn-add-q 496.1 55| 503.1 1004.6 1000 -4.6 -0.46 valid
nn-multi- | 49856 65| 4941 999.1 100C 0.9 0.09 valid
abs

nn-multi- | 9916 7.5 0 999.1 1000 0.9 0.09 valid
q

nn-mem- {4971 25| 5041 1004.6 100G -4.6 -0.46 valid
abs

nn-mcm- | 4951 45| 5021 1001.6 1000 -1.6 -0.16 valid
q

figure 5
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