
Processed by Luminess, 75001 PARIS (FR)

(19)
EP

4 
37

5 
58

4
A

1
*EP004375584A1*

(11) EP 4 375 584 A1
(12) EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication: 
29.05.2024 Bulletin 2024/22

(21) Application number: 22914036.3

(22) Date of filing: 02.12.2022

(51) International Patent Classification (IPC):
F24F 11/49 (2018.01) F24F 11/70 (2018.01)

(52) Cooperative Patent Classification (CPC): 
F24F 11/49; F24F 11/61; F24F 11/64; F24F 11/70; 
F24F 11/88 

(86) International application number: 
PCT/CN2022/136335

(87) International publication number: 
WO 2023/124781 (06.07.2023 Gazette 2023/27)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC ME MK MT NL 
NO PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA
Designated Validation States: 
KH MA MD TN

(30) Priority: 28.12.2021 CN 202111629224

(71) Applicants:  
• Shanghai Kong Intelligent Building Co., Ltd

Shanghai 200080 (CN)
• GD Midea Heating & Ventilating Equipment Co., 

Ltd.
Foshan, Guangdong 528311 (CN)

(72) Inventors:  
• WANG, Cong

Shanghai 200080 (CN)

• LIANG, Qin
Shanghai 200080 (CN)

• FANG, Xing
Shanghai 200080 (CN)

• LI, Yuanyang
Shanghai 200080 (CN)

• LIANG, Rui
Shanghai 200080 (CN)

• SUN, Jing
Shanghai 200080 (CN)

• GAO, Bing
Shanghai 200080 (CN)

(74) Representative: Ran, Handong et al
Maucher Jenkins 
Seventh Floor Offices 
Artillery House 
11-19 Artillery Row
London SW1P 1RT (GB)

(54) POLLING LOOP CONTROL METHOD AND SYSTEM, ELECTRONIC DEVICE, AND STORAGE 
MEDIUM

(57) A polling loop control method and system, an
electronic device, and a storage medium, relating to the
technical field of automatic device control. The method
comprises: receiving operating state data of a unit;
screening out a non-operating unit on the basis of the
operating state data; performing timing polling and fault
polling on the non-operating unit to determine a polling
starting unit; and rotating a unit in an operating state on
the basis of the polling starting unit, setting a timing poll-
ing mechanism and a fault polling mechanism, and au-
tomatically rotating an operating device.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to Chinese patent application No. 202111629224.5, filed with CNIPA on De-
cember 28, 2021, and entitled "method and system for pooling-based loop control, electronic device and storage medium",
the entire contents of which is incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to the technical field of automatic control of devices, and more particularly, to a
pooling-based loop control method, a pooling-based loop control system, an electronic device, and a storage medium.

BACKGROUND

[0003] Heat productivity of a data center is mainly derived from heat dissipated by information technology (IT) equipment
such as a server and a network device in a machine room during operating process of the IT equipment, and heat
productivity in four seasons is basically stable, refrigerating output in four seasons is basically constant, too. Thus, the
data center requires that a central air conditioner refrigerating system should be operated perennially and stably for a
long time. However, generally, when the requirement of refrigerating output of the data center is small, only one or two
Chilling units need to be started up to meet the requirement. However, a service life of one single AHU may be reduced
when the chilling unit has been in operation for a long time. Once a chilling unit that is being in operation malfunctions,
another AHU cannot automatically replace the chilling unit immediately, the central air conditioner refrigerating system
may be shut down, and a huge economic loss is caused accordingly.

SUMMARY

[0004] A pooling-based loop control method, a pooling-based loop control system, an electronic device, and a storage
medium are provided in the embodiments of the present disclosure. A timing polling mechanism and a fault polling
mechanism are provided to replace the chilling unit in operation currently automatically. Thus, long-term stable operation
of the system is ensured, and a problem of system halt caused due to malfunction and shortened service life of one
certain chilling unit in the system due to long-time operation in the related art has been solved.
[0005] A pooling-based loop control method is provided in one embodiment of the present disclosure, the method may
include:

receiving operating state data of chilling units;
determining a chilling unit to be started up by polling through a timing polling and/or a fault polling; and
replacing a chilling unit in an operating state based on the chilling unit to be started up by polling.

[0006] In some embodiments, said receiving the operating state data of the chilling unit may include:
generating a data structure of the chilling unit from the operating state data, and reading the data structure of the chilling
unit in order for performing the timing polling and the fault polling, the data structure of the chilling unit includes a device
number, an operation state, a fault state, a health degree, and an running time.
[0007] In the aforesaid implementation process, the operating state data of the chilling units are obtained in real time,
and are stored in the form of data structure of chilling unit, which facilitates performing timing polling and fault polling by
utilizing the data structures of the chilling units.
[0008] In some embodiments, said determining the chilling unit to be started up by polling through the timing polling
and/or the fault polling may include:

screening out inoperative chilling units based on the operating state data; and
calculating health degrees of the inoperative chilling units to determine health chilling unit(s); and
determining the chilling unit to be started up by polling according to the health chilling unit(s).

[0009] In the aforesaid implementation process, the health degree ensures the operation efficiency of the chilling unit.
Thus, a health chilling unit may be determined according to the health degree.
[0010] In some embodiments, said calculating the health degrees of the inoperative chilling units to determine the
health chilling unit(s) may include:
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obtaining an actual operation energy efficiency and a theoretical operation energy efficiency of each of the inoperative
chilling units under a current operation condition; and
calculating the health degrees of the inoperative chilling units in a preset period based on the actual operation energy
efficiency and the theoretical operation energy efficiency.

[0011] In the aforesaid implementation process, a ratio of the actual operation energy efficiency to the theoretical
operation energy efficiency is utilized to determine the operation efficiencies of the chilling units, thereby reflecting the
health degrees of the chilling units.
[0012] In some embodiments, said performing the timing polling on the inoperative chilling units to determine the
chilling unit to be started up by polling may include:

determining whether there exists a malfunctioned chilling unit in the inoperative chilling units;
screening out first chilling units to be detected and being fault-free from the inoperative chilling units, if there does
not exist the malfunctioned chilling unit in the inoperative chilling units;
determining a number of health chilling unit(s) in the first chilling units to be detected according to health degrees
of the first chilling units to be detected; and
determining the chilling unit to be started up by polling according to the number of the health chilling unit(s).

[0013] In the aforesaid implementation process, the healthy chilling unit, that is, the chilling unit which has relatively
higher operation efficiency, is obtained through timing polling to replace the chilling unit in operation state, shortening
of service life of the chilling unit in the operation state, which is caused due to long-term operation, is avoided.
[0014] In some embodiments, said performing the fault polling on the inoperative chilling units to determine the chilling
unit to be started up by polling may include:

screening out, when a chilling unit in an operation state malfunctions, second fault-free chilling units to be detected
and being in an automatic state from the inoperative chilling units;
determining a number of health chilling unit(s) in the second chilling units to be detected according to health degrees
of the second chilling units to be detected; and
determining the chilling unit to be started up by polling according to the number of the health chilling unit(s).

[0015] In the aforesaid implementation process, when the chilling unit in the operation state malfunctions, the fault
polling is triggered to determine the chilling unit to be started up by polling for replacing the malfunctioned chilling unit.
[0016] In some embodiments, said determining the number of health chilling unit(s) may include:
determining a chilling unit as a health chilling unit in response to a health degree of the chilling unit is great than or equal
to a preset threshold value.
[0017] In the aforesaid implementation process, the healthy chilling unit is determined according to the value of the
health degree and the threshold value.
[0018] In some embodiments, said determining the chilling unit to be started up by polling according to the number of
health chilling unit(s) may include:

comparing, in response to the number of the health chilling unit(s) is greater than 1, running time(s) of the health
chilling unit(s), and taking a chilling unit having a shortest running time as the chilling unit to be started up by polling;
selecting, in response to the number of the health chilling unit(s) is 1, the health chilling unit as the chilling unit to
be started up by polling; or
comparing, in response to the number of the health chilling unit(s) is 0, running times of the chilling units to be
detected, and taking a chilling unit to be detected and having the shortest running time as the chilling unit to be
started up by polling.

[0019] In the aforesaid implementation process, the chilling unit to be started up by polling is selected from the first
chilling units to be detected and having a health degree equal to or greater than the preset threshold value, and is used
for replacing the chilling unit in the operating state.
[0020] In some embodiments, said replacing the chilling unit in the operating state based on the chilling unit to be
started up by polling may include:

starting up the chilling unit to be started up by polling; and
performing a load shedding on the chilling unit in the operating state currently or shutting down the malfunctioned
chilling unit currently.
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[0021] A polling-based loop control system is further provided in the embodiments of the present disclosure, the system
may include:

a receiving module configured to receive operating state data of a chilling unit;
a polling evaluation module configured to determine a chilling unit to be started up by polling through a timing polling
and/or a fault polling;
a replacement module configured to replace a chilling unit in an operating state based on the chilling unit to be
started up by polling.

[0022] In some embodiments, the receiving module may be further configured to:
generate data structures of chilling units from the operating state data, and read the data structures of the chilling units
for performing the timing polling and the fault polling, the data structures of the chilling units includes a device number
(ID), an operation state, a fault state, a health degree, and an running time.
[0023] In some embodiments, the polling evaluation module includes a timing polling module and a fault polling module,
the timing polling module may include:

an operation screening module configured to screen out inoperative chilling units based on the operating state data;
a health degree calculation module configured to calculate health degrees of the inoperative chilling units so as to
determine health chilling unit(s);
a startup determination module configured to determine the chilling unit to be started up by polling according to the
health chilling unit(s).

[0024] In some embodiments, the health degree calculation module further includes:

a parameter acquisition module configured to acquire an actual operation energy efficiency and a theoretical oper-
ation energy efficiency of each of the inoperative chilling units under a current operation condition; and
a health degree determination module configured to calculating the health degrees of the inoperative chilling units
in a preset period based on the actual operation energy efficiency and the theoretical operation energy efficiency.

[0025] In some embodiments, the timing polling module further includes a determination module configured to deter-
mine whether there exists a malfunctioned chilling unit in the inoperative chilling units; where,

the chilling unit screening out module is configured to screen out first chilling units to be detected and being fault-
free from the inoperative chilling units, if there does not exist the malfunctioned chilling unit in the inoperative chilling
units;
the health degree calculation module is configured to determine a number of health chilling unit(s) in the first chilling
units to be detected according to health degrees of the first chilling units to be detected;
the startup determination module is configured to determine the chilling unit to be started up by polling according
to the number of the health chilling unit(s).

[0026] In some embodiments, the determination module is configured to determine a corresponding chilling unit to be
detected as a health chilling unit in response to a health degree of the chilling unit to be detected is no less than a preset
threshold value.
[0027] In some embodiments, the replacement module is configured to obtain a device number of the chilling unit to
be started up by polling so as to start up the chilling unit to be started up by polling, and perform a load shedding on the
chilling unit in the operating state currently or shut down the malfunctioned chilling unit.
[0028] An electronic device is further provided in the embodiments of the present disclosure. The electronic device
includes a memory and a processor, the memory is configured to store a computer program, the processor is configured
to execute the computer program to cause the electronic device to perform the polling-based loop control method
according to any one of the aforesaid embodiments.
[0029] A readable storage medium is further provided in the embodiments of the present disclosure. The readable
storage medium stores a computer program instruction, that, when read and executed by a processor, performs the
pooling-based loop control method according to any one of the aforesaid embodiments.

DESCRIPTION OF THE DRAWINGS

[0030] In order to explain the technical solutions in the embodiments of the present disclosure more clearly, a brief
introduction regarding the accompanying drawings that need to be used for describing the embodiments is given below.
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It should be understood that the following accompanying drawings only illustrate some embodiments of the present
disclosure, and thus should not be taken as limitations to the scope of the claims. For the person of ordinary skill in the
art, other relevant drawings may also be obtained according to these drawings without inventive effort.

FIG. 1 illustrates a flow diagram of a polling-based loop control method provided in one embodiment of the present
disclosure;
FIG. 2 illustrates a schematic diagram of a data structure of a chilling unit provided in one embodiment of the present
disclosure;
FIG. 3 illustrates a flow diagram of a timing polling provided in one embodiment of the present disclosure;
FIG. 4 illustrates a specific flow diagram of the timing polling provided in one embodiment of the present disclosure;
FIG. 5 illustrates a flow diagram of calculation of health degree provided in one embodiment of the present disclosure;
FIG. 6 illustrates a flow diagram of a fault polling provided in one embodiment of the present disclosure;
FIG. 7 illustrates a schematic diagram of replacing a chilling unit in an operating state according to one embodiment
of the present disclosure;
FIG. 8 illustrates a schematic structural diagram of a pooling-based loop control system provided in one embodiment
of the present disclosure;
FIG. 9 illustrates an architecture diagram of one intelligent pooling-based loop control system provided in one
embodiment of the present disclosure;
FIG. 10 illustrates an architecture diagram of another intelligent pooling-based loop control system provided in one
embodiment of the present disclosure.

[0031] Reference numerals are listed below:
100- receiving module; 200- screening module; 300- polling evaluation module; 310-timing polling module; 320- fault
polling module; 311-operation screening module; 312-determination module; 313-chilling unit screening module; 314-
health degree calculation module; 315-startup determination module; 324-parameter acquisition module; 334-health
degree determination module; 344- determination module; 400-replacement module.

DETAILED DESCRIPTIOIN OF EMBODIMENTS

[0032] The technical solutions in the embodiments of the present disclosure will be described with reference to the
accompanying figures in the embodiments of the present disclosure.
[0033] It should be noted that, similar reference numerals and characters represent similar terms in the following
accompanying figures. Thus, once an item is defined in one figure, further definition and explanation are unnecessary
in the subsequent figures. Furthermore, in the description of the present disclosure, terms such as "first", "second", etc.,
are only used for distinguishing purposes and cannot be interpreted as indicating or implying relative importance.
[0034] Referring to FIG. 1, FIG. 1 illustrates a flow diagram of a pooling-based loop control method according to one
embodiment of the present disclosure. The method may be applied to an intelligent loop control system of a data center,
realizes the control of a central air-conditioning water chilling unit group control product, and meets the functions of
automatic startup and shutdown control, automatic frequency adjustment, automatic replacing, information reporting of
various devices simultaneously. The method specifically includes the following steps:
[0035] In a step of S 100, operating state data of chilling units is received.
[0036] Data structures of the chilling units are generated from the operating state data. A data structure of each chilling
unit includes a device number, an operating state, a fault state, a manual/automatic state, a health degree, and an
operating time. As shown in FIG. 2, FIG. 2 illustrates a schematic diagram of a data structure of a chilling unit. Where,
the identification number of the chilling unit reflects the position where the chilling unit is located; the operating state
reflects whether the chilling unit is in operation; the fault state reflects whether the chilling unit is malfunctioned; the
manual/automatic state reflects whether the chilling unit accepts the control of the data center group control system; the
health degree reflects the advantages and disadvantages of operating state of the chilling unit (which is different from
the malfunctioned chilling unit), and is calculated through a health degree calculation formula, the higher the health
degree value, the higher the operation energy efficiency level of the chilling unit. The operating time is accumulated
running time duration since the chilling unit is started up. The operating state, the fault state, and the operating time may
be obtained by a data interface layer connected to the chilling unit.
[0037] In a step of S200, inoperative chilling units are screened out based on the operating state data.
[0038] In a step of S300, a timing polling and a fault polling are performed on the inoperative chilling units to determine
a chilling unit to be started up by polling.
[0039] As shown in FIG. 3, FIG. 3 illustrates a flow diagram of the timing polling, the method specifically includes the
following steps:
[0040] In a step of S310, the inoperative chilling units are screened out based on the operating state data.
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[0041] In a step of S320, whether there exists a malfunctioned chilling unit in the inoperative chilling units is determined.
[0042] In a step of S330, first chilling units to be detected which has no fault and is in an automatic state are screened
out from the inoperative chilling units, if there does not exist a malfunctioned chilling unit in the inoperative chilling units.
[0043] The automatic state herein refers to one chilling unit that can implement automatic control of startup and
shutdown through a data center.
[0044] As shown in FIG. 4, FIG. 4 illustrates a detailed flow diagram of the timing polling, replacement is triggered
regularly through a preset polling time, so that the timing polling is triggered. In particular,
[0045] The data structures of the chilling units are read, the inoperative chilling units are searched, and a fault condition
of each of the inoperative chilling units is determined.
[0046] If there exists a malfunctioned chilling unit, whether the number of fault-free chilling unit(s) is greater than or
equal to 1, and if the number of the fault-free chilling unit(s) is greater than or equal to 1, a timing polling process is
continued to be performed, that is, first chilling units to be detected, which are fault-free and in automatic state, is screened
out. If the number of the fault-free chilling unit(s) is less than 1, that is, when the number of the fault-free chilling unit(s)
is equal to 0, it indicates that there is no normal chilling unit for polling, an alarm signal is sent out in time to reminder
operation and maintenance personnel in order for overhauling.
[0047] When the number of the fault-free chilling unit(s) is greater than or equal to 1, chilling unit(s) which is/are fault-
free and in automatic state is/are screened (the number of the chilling unit(s) to be started up is N1), then, a health
degree H of each chilling unit is obtained through a chilling unit health degree calculation formula.
[0048] In a step of S340, a health degree of each of the first chilling unit(s) to be detected is calculated to determine
the number of the health chilling unit(s).
[0049] As shown in FIG. 5, FIG. 5 illustrates a flow diagram of calculation of health degree, the detail of the calculation
process of the health degree is described below:
[0050] In a step of S341, an actual operation energy efficiency and a theoretical energy efficiency of each of the first
chilling unit(s) to be detected under a current operation condition are obtained.
[0051] In a step of S342, health degree of the first chilling unit(s) to be detected in a preset period is calculated based
on the actual operation energy efficiency and the theoretical operation energy efficiency. The health degree is expressed
as:

where, H represents the health degree, ∑COPr represents the sum of the actual operating energy efficiencies during a
time duration of the preset period, and ∑COPi represents the sum of the theoretical operating energy efficiencies during
the time duration of the preset period.
[0052] Due to the fact that the theoretical operation energy efficiency COPi of the chilling unit changes with the change
of the operation condition, the theoretical operation energy efficiency COPi and the main operation parameters of the
chilling units may be obtained through a following regression equation, which is expressed as: 

where, Tevp represents a saturated evaporation temperature, Tcond represents a saturated condensation temperature,
Q represents a load of a chilling unit, and b0-b7 represent preset coefficients.
[0053] In a step of S343, the corresponding first chilling unit(s) to be detected is determined as health chilling unit(s)
if the health degree is no less than a preset threshold value.
[0054] Due to internal fault problems including condenser fouling, refrigerant leakage, reduction of motor efficiency of
compressor in the operation process of the water chilling unit, when an internal fault problem occurs in the chilling unit,
the energy efficiency value of the chilling unit may be obviously reduced. Thus, the health degree may be utilized to
represent the advantages and disadvantages of the operating state of the chilling unit.
[0055] Assuming that the actual operation energy efficiency of one certain chilling unit under a certain operation
condition I is COPr, the theoretical operation energy efficiency of the chilling unit under the operation condition is COPi,
and a calculation result in a period of time (the calculation period may be set, for example, 1 month), for example, H<0.8,
it is considered that the energy efficiency of the chilling unit is seriously attenuated, a serious fault occurs in the chilling
unit, and a property management staff need to perform maintenance.
[0056] During an initial stage of operation of the central air-conditioning system in the data center, a theoretical operation
energy efficiency equation of the chilling unit may be obtained by collecting the operation data of the chilling unit within
a period of time.
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[0057] Herein, the health chilling unit(s) refers to a chilling unit having a relatively higher actual operation energy
efficiency level. If H<0.8, it can be considered that the actual energy efficiency level of the corresponding chilling unit is
relatively lower, however, the operation state of the chilling unit may be maintained, said health chilling unit(s) is/are
distinguished from the aforesaid malfunctioned chilling unit.
[0058] In a step of S350, a chilling unit to be started up by polling is determined according to the number of the chilling
units.
[0059] The determination of the chilling unit to be started up by polling includes following three conditions.
[0060] If the number of the first chilling unit(s) to be detected (i.e., the health chilling unit) with the health degree greater
than or equal to the preset threshold value is greater than 1, running time duration of each health chilling unit is compared,
and the chilling unit which has the shortest duration of operation is taken as the chilling unit to be started up by polling;

If the number of the first chilling unit(s) to be detected with the health degree greater than or equal to the preset
threshold value is 1, the health chilling unit is taken as the chilling unit to be started up by polling;
If the number of the first chilling unit(s) to be detected with the health degree greater than or equal to the preset
threshold value is 0, the running time durations of the first chilling unit(s) to be detected are compared, and the first
chilling unit(s) to be detected with the shortest duration of operation is used as the chilling unit to be started up by
polling.

[0061] As an example, the preset threshold value is 0.8, the number of the first chilling unit(s) to be detected is N1,

if the number N2 of the chilling units(s) having the health degree of H≥0.8 is greater than 1, running time durations
of the N2 chilling units are compared, and one chilling unit having the shorter running time is used as the chilling
unit to be started up by polling;
if the number N2 of the chilling unit(s) having the health degree of H≥0.8 is 1, this chilling unit is directly selected
as the chilling unit to be started up by polling;
If the number N2 of the chilling unit(s) having the health degree of H≥0.8 is 0, the running time durations of the N1
chilling units are compared, and the chilling unit having shorter duration of operation is selected as a chilling unit to
be started up by polling.

[0062] Regarding fault polling, as shown in FIG. 6, FIG. 6 illustrates a flow diagram of fault polling which includes
following steps:
In a step of S361, when one chilling unit in operation malfunctions, inoperative chilling units are screened out based on
the operating state data.
[0063] In a step of S362, whether there exists malfunctioned chilling unit(s) in the inoperative chilling units.
[0064] In a step of S363, if there does not exist a malfunctioned chilling unit in the inoperative chilling units, second
chilling unit(s) to be detected which is/are fault-free and in automatic state is screened out from the malfunctioned chilling
unit;
In a step of S364, the health degree of each of the second chilling unit(s) to be detected is calculated to determine the
number of the health chilling unit(s).
[0065] In a step of S365, the chilling unit to be started up by polling is determined according to the number of the
chilling unit(s).
[0066] Regarding the calculation of the health degree, the calculation of the health degree has been described in detail
in the aforesaid steps, and is not repeatedly described herein.
[0067] When a system failure is detected, a fault polling mode is entered. The data structures of the chilling units are
read to determine the inoperative chilling units, and the fault conditions of the inoperative chilling units are determined.
When the number of the fault-free chilling unit(s) is equal to 0, it indicates that there is no normal chilling unit that can
be polled, an alarm signal is sent out in time, and the operation and maintenance personnel is notified of overhauling.
When the number of the fault-free chilling unit(s) is greater than or equal to 1, the chilling unit(s) which is/are fault-free
and is/are in automatic state (the number of the chilling unit(s) to be detected is N1) is screened out, then, a health
degree index H of each chilling unit is obtained.
[0068] For example, if the number N2 of the chilling unit(s) to be detected with health degree of H≥0.8 is greater than
1, running time durations of the N2 chilling units are continued to be compared, and the chilling unit having shorter
duration of operation is selected as the chilling unit to be started up by polling.
If the number N2 of the chilling unit(s) to be detected with health degree of H ≥ 0.8 is equal to 1, this chilling unit is directly
selected as the chilling unit to be started up by polling;
[0069] If the number N2 of the chilling unit(s) to be detected with health degree of H ≥ 0.8 is equal to 0, the running
time durations of the N1 chilling units are compared, and the chilling unit having shorter duration of operation is selected
as the chilling unit to be started up by polling.
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[0070] In a step of S400, the chilling unit in operating state is replaced based on the chilling unit to be started up by polling.
[0071] As shown in FIG. 7, FIG. 7 illustrates a flow diagram of replacement of the chilling unit in operating state, which
specifically includes following steps:
In a step of S401, a device number of the chilling unit to be started up by polling is obtained to startup the chilling unit
to be started up by polling.
[0072] In a step of S402, load shedding is performed on the chilling unit that is being in operating state currently or
the malfunctioned chilling unit is shut down.
[0073] In particular, regarding the timing polling, after the chilling unit to be started up by polling is obtained, the chilling
unit to be started up by polling is started up firstly, then, the chilling unit in the operating state is shut down, time for
replacement is reset, and performing of a next timing polling is waited.
[0074] Regarding the fault polling, after the chilling unit to be started up by polling is determined, a device such as a
water pump butterfly valve corresponding to the malfunctioned chilling unit is shut down, the fault polling is completed.
[0075] According to this method, intelligent polling may be performed in the operation process of the intelligent loop
control system of the data center, allocation of the various chilling units is balanced, service lives of the various chilling
units is averaged, and a problem of system halt caused due to malfunction of one certain chilling unit is avoided by the
fault polling.
[0076] A polling-based loop control system is further provided in the embodiments of the present disclosure, in particular,
the system is a data center function polling-based loop control system. This system is applicable to the control of the
central air-conditioning water chilling unit group control product in the data center, and meets the automatic startup and
shutdown control, automatic frequency adjustment, and automatic replacement of fault device and information report of
the various chilling units, thereby realizing intelligent polling of the intelligent loop control system of the data center during
operation, the service lives of the chilling units are averaged. The system halt caused due to malfunction of one certain
chilling unit is avoided by fault polling. As shown in FIG. 8, FIG. 8 illustrates a structural block diagram of a polling-based
loop control system, the system may include:

a receiving module 100 which may be configured to receive operating state data of a chilling unit;
a screening module 200 which may be configured to screen out inoperative chilling units based on the operating
state data;
a polling evaluation module 300 which may be configured to perform a timing polling and a fault polling on the
inoperative chilling units to determine a chilling unit to be started up by polling;
a replacement module 400 which may be configured to replace a chilling unit in an operating state based on the
chilling unit to be started up by polling.

[0077] As shown in FIG. 9, FIG. 9 illustrates an architecture diagram of an intelligent polling-based loop control system,
where the polling evaluation module includes a timing polling module and a fault polling module which belong to a logical
judgment layer of the system. In addition, the system further includes a data interface layer and a device basic logic
control layer.
[0078] The data interface layer is configured to be connected to a chilling unit to obtain I/O point positions of all
monitoring state information of all monitoring devices of the central air-conditioning system, where, the data interface
layer includes two forms of hard interface and communication interface.
[0079] The logical judgment layer determines a polling sequence by analyzing the operating state data of the chilling
unit, and is specifically composed of the timing polling module and the fault polling module. Intelligent polling logic is
added in the full-automatic operation process of the central air-conditioning system, a polling time is set for timing polling.
Thus, one certain chilling unit may be prevented from being operated for a long time, allocation of various chilling units
are balanced, and service lives of the chilling units are averaged. The fault polling avoids system halt caused due to
malfunction of one certain equipment from occurring, and stable operation of the data center server is ensured.
[0080] The device basic logic control layer is used for processing remote manual/automatic startup and shutdown
control of a high-efficiency water chilling unit, a chilled water pump, a cooling water pump and a cooling tower fan, and
processing valve control of remote manual/automatic switch of a butterfly valve, notification of fault alarm of equipment,
etc.
[0081] As shown in FIG. 10, FIG. 10 illustrates a structural block diagram of another polling-based loop control system,
where the polling evaluation module 300 includes a timing polling module 310 and a fault polling module 320. The timing
polling module 310 may include:

an operation screening module 311 which may be configured to screen out inoperative chilling units based on the
operating state data.
a determination module 312 which may be configured to determine whether there exists a malfunctioned chilling
unit in the inoperative chilling units.
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a chilling unit screening module 313 which may be configured to screen out first chilling units to be detected which
are fault-free and are in automatic state from the inoperative chilling units, if there does not exist a malfunctioned
chilling unit in the inoperative chilling units;
a health degree calculation module 314 which may be configured to calculate the health degree of each of the first
chilling units to be detected to determine a number of health chilling unit(s);
a startup determination module 315 which may be configured to determine the chilling unit to be started up by polling
according to the number of the health chilling unit(s).

[0082] Regarding the detail of the calculation of health degree, the health degree calculation module 314 includes:

a parameter acquisition module 324 which may be configured to obtain an actual operation energy efficiency and
a theoretical operation energy efficiency of the first chilling units to be detected under a current operating condition.
a health degree determination module 334 which may be configured to calculate the health degree of the first chilling
units to be detected in a preset period based on the actual operation energy efficiency and the theoretical operation
energy efficiency. The health degree is expressed as:

where, H represents the health degree, ∑COPr represents the sum of the actual operating energy efficiencies during
a time duration of the preset period, and ∑COPi represents the sum of the theoretical operating energy efficiencies
during the time duration of the preset period.

[0083] COPi = b0 + b1Tevp + b2Tcond + b3Q + b4TevpTcond + b5TevpQ+ b6TcondQ + b7Q2;
Where, COPi = b0 + b1Tevp + b2Tcond + b3Q + b4TevpTcond + b5TevpQ + b6TcondQ + b7Q2;
where, Tevp represents a saturated evaporation temperature, Tcond represents a saturated condensation temperature,
Q represents a load of a chilling unit.
[0084] The determination module 344 may be configured to determine the corresponding first chilling unit(s) to be
detected as the health chilling unit(s), if the health degree is no less than a preset threshold value.
[0085] The detail of the execution process of the fault polling module is similar to the execution process of the timing
polling module, and is not repeatedly described herein.
[0086] The replacement module 400 may be specifically configured to:
obtain a device number of the chilling unit to be started up by polling to startup the chilling unit to be started up by polling;
and perform a load shedding on the chilling unit in the operating state currently or shut down the malfunctioned chilling unit.
[0087] During this process, the chilling units that support automatically startup and shutdown control are automatically
replaced, the chilling unit to be started (which is selected through the above steps) is started up, the chilling unit that is
being in the operating state currently is shut down. Thus, the chilling unit in the operating state currently is prevented
from being operated for a long time, and shortening of the service life of the chilling unit is avoided. If malfunction of one
chilling unit occurs, the chilling unit to be started up by polling is started up to replace the malfunctioned chilling unit, so
that a system halt caused due to breakdown of the malfunctioned chilling unit is avoided. Then, the butterfly valve of the
water pump and other components of the malfunctioned chilling unit are shut off, this is because that, although the
malfunctioned chilling unit is faulty, the butterfly valve of the water pump and other components are still in operating
state, the butterfly valve of the water pump needs to be shut off.
[0088] The timing polling mechanism and the fault polling mechanism are set to automatically replace the chilling unit
in the operating state currently, long-time operation of one same chilling unit is avoided, long-term stable operation of
the system is guaranteed, and a problem of system halt caused due to malfunction and shortened service live of one
certain chilling unit because that the chilling unit is in long-term operation in the related art is solved.
[0089] An electronic device is further provided in the embodiments of the present disclosure, the electronic device
includes a memory and a processor, the memory stores a computer program, and the processor is configured to execute
the computer program to cause the electronic device to perform the aforesaid pooling-based loop control method.
[0090] A readable storage medium is further provided in one embodiment of the present disclosure, the readable
storage medium stores a computer program instruction, that, when being read and executed by a processor, executes
the aforesaid pooling-based loop control method.
[0091] In these embodiments provided in the present disclosure, it should be understood that the disclosed devices
and methods may also be implemented in other manners. The device embodiments described above are only illustrative.
For example, the flow diagrams and the block diagrams in the accompanying drawings illustrate the possible architectures,
functions, and operations of the devices, methods, and computer program products according to the plurality of embod-
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iments disclosed in the present disclosure. At this point, each block in the flow diagrams or the block diagrams may
represent a module, a program segment, or a part of codes that contains one or multiple executable instructions for
implementing specified logical functions. It should also be noted that, in some alternative implementations, the functions
indicated in the block may also be implemented in an order different than the order indicated in the accompanying
drawings. For example, two consecutive blocks may actually be performed in parallel. Sometimes, the two consecutive
blocks may also be executed in an opposite order. The order of execution of the blocks depends on the function involved
in the blocks. It should also be noted that, each block in the block diagrams and/or flow diagrams, and the combination
of the blocks in the block diagrams and/or the flow diagrams may also be implemented using a specific hardware based
system that perform specified functions or actions, or be implemented using the combination of specific hardware and
computer instructions.
[0092] In addition, the various functional modules in the various embodiments of the present disclosure may be inte-
grated together to form one independent part. Alternatively, the various modules may exist separately, or two or more
modules may be integrated to form one independent part.
[0093] If the functionalities are achieved in the form of software functional units, and are sold or used as an independent
product, the software functional units may be stored in a computer readable storage medium. Based on this understanding,
the technical solution of the present disclosure, or the part that is contributable to related art, or a part of the technical
solution may be embodied in the form of software product essentially, the computer softer product is stored in a storage
medium and includes an instruction that enables a computer device (which may be a personal computer, a server, or a
network device, and the like) to execute all or part of steps of methods in the various embodiments of the present
disclosure. The aforesaid storage medium includes: various mediums capable of storing program codes such as USB
flash disk, mobile hard disk, computer memory, ROM (Read-Only Memory), RAM (Random Access Memory), hard disk,
optical disk, and the like.
[0094] Only some optional embodiments of the present disclosure are described above, and these embodiments are
not intended to limit the protection scope of the present disclosure. It is obvious to the person of ordinary skill in the art
that, various modifications and changes may be made in the present disclosure. Any modification, equivalent replacement,
improvement, and the like, which are made within the spirit and the principle of the present disclosure, should all be
included in the protection scope of the present disclosure. It should be noted that, similar reference numerals and
characters represent similar terms in the following figures. Thus, once one item is defined in one figure, there is no need
to further define and explain the item in the subsequent figures.
[0095] The aforesaid embodiments are only some specific embodiments of the present disclosure. However, the
protection scope of the present disclosure is not limited by these embodiments. Any change or replacement which is
conceivable to the one of ordinary skill in the art who is familiar with the technical field of the present disclosure within
the technical scope of the present disclosure, should all be included in the protection scope of the present disclosure.
Thus, the protection scope of the present disclosure should be determined by the protection scope of the claims.
[0096] It should also be noted that, in the description of the present disclosure, the terms which represents relationship
such as the first and the second are merely used to distinguish one entity or one operation from another entity or another
operation without necessarily requiring or implying that there is any such actual relationship or order between these
entities or operations. Moreover, terms such as "comprising", "including" or any other variation are intended to cover a
non-exclusive inclusion, so that a process, a method, goods, or a device which includes a series of elements not only
include the elements, but also include other elements that are not expressly listed, or include the elements inherent to
such process, method, goods, or device. In the condition of no further limitations, an element which is defined by a
sentence "includes one ..." does not exclude a presence of additional identical elements in the process, the method, the
goods, and the device which include the elements.

Industrial practicality

[0097] The present disclosure provides a polling-based loop control method and polling-based loop control system,
an electronic device, and a storage medium, which relate to the technical field of automatic control of devices. The
method includes receiving operation state data of chilling units; screening out inoperative chilling units based on the
operating state data; performing a timing polling and a fault polling on the inoperative units to determine a chilling unit
to be started up by polling; replacing the chilling unit in operating state based on the chilling unit to be started up by
polling. The timing polling mechanism and the fault polling mechanism are set to automatically replace the chilling unit
that is in operation currently, so that a long-term operation of one single chilling unit is avoided, long-term stable operation
of the system is guaranteed, and a problem of system halt caused due to malfunction and shortened service live of one
certain chilling unit because that the chilling unit is in long-term operation in the related art is solved.
[0098] In addition, it can be understood that, the polling-based loop control method, the polling-based loop control
system, the electronic device, and the storage medium disclosed in the present disclosure may be reproducible and
may be used in various industrial applications. For example, the polling-based loop control method, the polling-based



EP 4 375 584 A1

11

5

10

15

20

25

30

35

40

45

50

55

loop control system, the electronic device, and the storage medium in the present disclosure may be used in the technical
field of automatic control of devices.

Claims

1. A pooling-based loop control method, characterized in that, the method comprises:

receiving operating state data of chilling units;
determining a chilling unit to be started up by polling through a timing polling and/or a fault polling; and
replacing a chilling unit in an operating state based on the chilling unit to be started up by polling.

2. The pooling-based loop control method according to claim 1, wherein said receiving the operating state data of the
chilling unit comprises:
generating a data structure of the chilling unit from the operating state data, and reading the data structure of the
chilling unit in order for performing the timing polling and the fault polling, wherein the data structure of the chilling
unit comprises a device number, an operation state, a fault state, a health degree, and an running time.

3. The pooling-based loop control method according to claim 1 or 2, wherein said determining the chilling unit to be
started up by polling through the timing polling and/or the fault polling comprises:

screening out inoperative chilling units based on the operating state data; and
calculating health degrees of the inoperative chilling units to determine health chilling unit(s); and
determining the chilling unit to be started up by polling according to the health chilling unit(s).

4. The pooling-based loop control method according to claim 3, wherein said calculating the health degrees of the
inoperative chilling units to determine the health chilling unit(s) comprises:

obtaining an actual operation energy efficiency and a theoretical operation energy efficiency of each of the
inoperative chilling units under a current operation condition; and
calculating the health degrees in a preset period based on the actual operation energy efficiency and the
theoretical operation energy efficiency.

5. The pooling-based loop control method according to claim 3 or 4, wherein said performing the timing polling on the
inoperative chilling units to determine the chilling unit to be started up by polling comprises:

determining whether there exists a malfunctioned chilling unit in the inoperative chilling units;
screening out first chilling units to be detected and being fault-free from the inoperative chilling units, if there
does not exist the malfunctioned chilling unit in the inoperative chilling units;
determining a number of health chilling unit(s) in the first chilling units to be detected according to health degrees
of the first chilling units to be detected; and
determining the chilling unit to be started up by polling according to the number of the health chilling unit(s).

6. The pooling-based loop control method according to claim 3 or 4, wherein said performing the fault polling on the
inoperative chilling units to determine the chilling unit to be started up by polling comprises:

screening out, when a chilling unit in an operation state malfunctions, second chilling units to be detected and
being fault-free and in an automatic state from the inoperative chilling units;
determining a number of health chilling unit(s) in the second chilling units to be detected according to health
degrees of the second chilling units to be detected; and
determining the chilling unit to be started up by polling according to the number of the health chilling unit(s).

7. The pooling-based loop control method according to claim 5 or 6, wherein said determining the number of health
chilling unit(s) comprises:
determining a chilling unit as a health chilling unit in response to a health degree of the chilling unit is great than or
equal to a preset threshold value.

8. The pooling-based loop control method according to claim 5 or 6, wherein said determining the chilling unit to be
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started up by polling according to the number of fault-free chilling unit(s) comprises:

comparing, in response to the number of the health chilling unit(s) is greater than 1, running time of each of the
health chilling units, and taking a chilling unit having a shortest running time as the chilling unit to be started up
by polling;
selecting, in response to the number of the health chilling unit(s) is 1, the health chilling unit as the chilling unit
to be started up by polling; or
comparing, in response to the number of the health chilling unit(s) is 0, running time of each of the chilling units
to be detected, and taking a chilling unit to be detected and having the shortest running time as the chilling unit
to be started up by polling.

9. The pooling-based loop control method according to any one of claims 1 to 8, wherein said replacing the chilling
unit in the operating state based on the chilling unit to be started up by polling comprises:

starting up the chilling unit to be started up by polling; and
performing a load shedding on the chilling unit in the operating state currently or shutting down the malfunctioned
chilling unit.

10. A polling-based loop control system, characterized in that, the system comprises:

a receiving module configured to receive operating state data of a chilling unit;
a polling evaluation module configured to determine a chilling unit to be started up by polling through a timing
polling and/or a fault polling;
a replacement module configured to replace a chilling unit in an operating state based on the chilling unit to be
started up by polling.

11. The polling-based loop control system according to claim 10, wherein the receiving module is further configured to:
generate data structures of chilling units from the operating state data, and read the data structures of the chilling
units for performing the timing polling and the fault polling, the data structures of the chilling units comprises a device
number (ID), an operation state, a fault state, a health degree, and a running time.

12. The polling-based loop control system according to claim 10 or 11, wherein the polling evaluation module comprises
a timing polling module and a fault polling module, the timing polling module comprises:

an operation screening module configured to screen out inoperative chilling units based on the operating state
data; and
a health degree calculation module configured to calculate health degrees of the inoperative chilling units so
as to determine health chilling unit(s); and
a startup determination module configured to determine the chilling unit to be started up by polling according
to the health chilling unit(s).

13. The polling-based loop control system according to claim 12, wherein the health degree calculation module further
comprises:

a parameter acquisition module configured to acquire an actual operation energy efficiency and a theoretical
operation energy efficiency of each of the inoperative chilling units under a current operation condition; and
a health degree determination module configured to calculating the health degrees in a preset period based on
the actual operation energy efficiency and the theoretical operation energy efficiency.

14. The polling-based loop control system according to claim 12 or 13, wherein the timing polling module further com-
prises a determination module configured to determine whether there exists a malfunctioned chilling unit in the
inoperative chilling units; wherein,

the chilling unit screening module is configured to screen out first chilling units to be detected and being fault-
free from the inoperative chilling units, if there does not exist the malfunctioned chilling unit in the inoperative
chilling units;
the health degree calculation module is configured to determine a number of health chilling unit(s) in the first
chilling units to be detected according to health degrees of the first chilling units to be detected;
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the startup determination module is configured to determine the chilling unit to be started up by polling according
to the number of the health chilling unit(s).

15. The polling-based loop control system according to claim 14, wherein the determination module is configured to
determine a corresponding chilling unit to be detected as a health chilling unit if a health degree of the chilling unit
to be detected is no less than a preset threshold value.

16. The polling-based loop control system according to any one of claims 10 to 15, wherein the replacement module is
configured to obtain an identification (ID) of the chilling unit to be started up by polling to start up the chilling unit to
be started up by polling, and perform a load shedding on the chilling unit in the operating state currently or shut
down the malfunctioned chilling unit.

17. An electronic device, wherein the electronic device comprises a memory and a processor, wherein the memory is
configured to store a computer program, and the processor is configured to execute the computer program to cause
the electronic device to perform the polling-based loop control method according to any one of claims 1 to 9.

18. A readable storage medium, wherein the readable storage medium stores a computer program instruction, that,
when being read and executed by a processor, performs the pooling-based loop control method according to any
one of claims 1 to 9.



EP 4 375 584 A1

14



EP 4 375 584 A1

15



EP 4 375 584 A1

16



EP 4 375 584 A1

17



EP 4 375 584 A1

18



EP 4 375 584 A1

19



EP 4 375 584 A1

20

5

10

15

20

25

30

35

40

45

50

55



EP 4 375 584 A1

21

5

10

15

20

25

30

35

40

45

50

55



EP 4 375 584 A1

22

5

10

15

20

25

30

35

40

45

50

55



EP 4 375 584 A1

23

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• CN 202111629224 [0001]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

