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Anomauia. I[Iposedeno amaniz npobdremu ma NpPoOSPAMHO Ppeani3o8aHo
aneopumm Ol 8I0CMEdNHCEeHHs YMO8 30epicanb MeOUKaMeHmie ma NOULYKy
HANEAHCHUX OJIsL HUX NPUMILYEHDb.

Knrwouoei cnosa: meouxamenm, cmapm-npucmpii, MiKpOKLiMam, YMO8U

30epicanis, NPUMILeHHs, CNOBIUeHH.

Annomayusa. Ilposeden ananuz npobremvl U NPoOSPAMMHO DPeanru308aH
aneopumm O OMCACHCUBAHUS VCIAOBULL XPAHEHUS MEOUKAMEHMO8 U NOUCKA
HaonexIcawux OJisi Hux nomeujeHull.

Knioueevie cnoea: meouxamenm, cmapm-ycmpoucmeo, MUKpOKIUMAM,

YCIo6Usl XPAHEHRUA, NOMeEWEHUE, ONOBEUEHUE.

Summary. Analyzed the problem and programmatically implemented the
algorithm to monitor storage conditions of the medicines and searching for the
appropriate placements.

Key words: medicine, smart-device, microclimate, storage conditions,

placement, notification.

Today, in the days of rapidly growing morbidity in the world, there is an
urgent need for free access to existing general-purpose drugs, including vaccines.
Such drugs require strict adherence to their storage conditions (temperature,
relative humidity), because if they are neglected, they can very quickly lose their
medicinal properties or even acquire those that can harm the health of patients.

That is why there is a need to create a software system, one of the functions
of which would be to automate the tracking of conditions in which medicines are
stored and to quickly obtain a list of placements where such medicines can be
transferred in case of climate change to inappropriate. In addition, users should
receive email notifications when such an event occurs.

The end users of the system are medicines suppliers. In the system, they

can manage warehouses, placements, medicines, and their storage. It is
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appropriate to use a smart device to monitor the microclimate in the placement. It
connects to a specific placement, monitors temperature and humidity at regular
intervals, and transmits information to the system server.

Thus, we can describe the algorithm itself. The smart device is connected
to the placement and is configured by the system administrator via the appropriate
web-form to read indicators in it. The smart device iterates at a given interval,
reads the temperature and humidity in the placement and sends it to the server to
a special endpoint. The Arduino platform [1] and its programming language are
used to implement the logic of the smart device. Part of the program
implementation is shown in figure 1. This code snippet creates a JSON data object
and populates it with the appropriate fields. After that, an HTTP request is
generated and sent to the server. The request consists of the HTTP heading line,
which includes method type, URL, and protocol version. Then there goes headers,
empty line, and request in the formatted JSON. After that, the request is sent via

the network and handled on the server's side.

JsonObject &root = jsonBuffer.createObject();

root[ 1 = id;
root[ ] temperature;
root| 1 = humidity;

String data;
root.printTo(data);

client.println(
client.println(
client.printin(
client.printin(
client.printin(

client.print(
client.println(data.length());
client.printin();
client.println(data);

Fig. 1. Serialization and sending microclimate data to the server

The server is implemented using the Java programming language [2]. It
obtains the placement ID, temperature and humidity from the smart device request

and calls the next steps of the algorithm, which are shown in figure 2.
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PlacementDto updateSmartDevice(Placement placement, SmartDeviceDto smartDeviceDto) {

updateSmartDeviceIndicators(placement, smartDeviceDto)

Warehouse warehouse = placement.getWarehouse()
Set<Placement> placementsInCurrentWarehouse = warehouse.getPlacements()

List<PossibleMovelLocations> possibleMovelLocations = placement.getMedicineStorages().stream()
.map (MedicineStorage: :getMedicine)
.distinct()
.flatMap(medicine -> findPossibleMovelLocations(medicine
.collect(Collectors.toList())

(!possibleMovelLocations.isEmpty()) {
sendEmailNotification(warehouse, placement, possibleMovelocations)

PlacementMapper.toPlacementDto( .save(placement))

Fig. 2. Software call of all steps of the algorithm

First there is the call of updating the indicators of the smart device for the
placement to new values. All available storages are then retrieved from the
placement attached to the smart device. Each such storage is transformed into its
own medicine and the operation of obtaining such medicines is performed without
repetition. Thus, we get a list of medicines that are stored in the current placement.
The next algorithm step called for each medicine is the logic part shown in figure

3.

Stream<PossibleMovelLocations> findPossibleMovelocations(Medicine medicine
Placement currentPlacement
Set<Placement> placements) {
Integer minTemperature = medicine.getMinTemperature()
Integer maxTemperature = medicine.getMaxTemperature()
currentTemperature = currentPlacement.getSmartDevice().getTemperature()

(currentTemperature < minTemperature || currentTemperature > maxTemperature) {
List<Placement> possibleMovePlacements = placements.stream()

.filter(place -> !place.equals(currentPlacement))

.filter(place -> {

Double temperature = place.getSmartDevice().getTemperature()
temperature >= minTemperature && temperature <= maxTemperature

}) .collect(Collectors.toList())

Stream.of( PossibleMovelLocations(medicine, possibleMovePlacements))

Stream.empty()

Fig. 3. The logic of finding placements with normal conditions to transfer
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Here 1is performed retrieving the actual, minimum and maximum
temperatures for the medicine. This is followed by a check for compliance with
storage conditions, and if it does not pass - search for placements in the current
warehouse 1s started where the microclimate indicators are satisfactory for this
medicine. Then a key-value object is created, where the key is the medicine, and
the value is the possible placements list to move it there.

This step is called for each medicine. Next goes the check - if the list of
such key-value pairs is not empty (i.e., found medicines for which storage
conditions are violated), then the logic of generating and sending an e-mail to
notify the user is called. Part of the logic of constructing such a letter is shown in

figure 4.

possibleMovelocations.stream()
.map(movelLocations ->
Medicine medicine = movelocations.getMedicine()
List<Placement> possibleMovePlacements = movelLocations.getPossibleMovePlacements()
StringBuilder builder = StringBuilder( )
.append(medicine.getName()).append( ) .append(medicine.getStorageForm()).append( )
(possibleMovePlacements.isEmpty()) {

builder.append( ) .append(

builder
.append(
.append(
.append(
.append(

.append(

.append( )

.append( )
.append(possibleMovePlacements.stream().map(placement ->
StringBuilder( )
.append( ) .append(placement.getId()).append(
.append( ) .append(placement.getType()).append(
.append( )
.append(placement.getSmartDevice().getTemperature()).append(
.append( )
.append( )
.append(placement.getSmartDevice().getHumidity()).append(
.append( )
).collect(Collectors.joining()))

.append( )

}).collect(Collectors.joining())

Fig. 4. Part of the logic of constructing a letter of notification of violated conditions

For each key-value pair a table will be formed with a description of the
premises for transfer to storage. If the conditions for the drug are violated, but

there are currently no placements with a satisfactory microclimate - this will be
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reported without a table. In other cases, a table will be formed for each medicine,
showing the previously found placements. Thus, the user will be fully informed
about changes in conditions and possible actions in such situations.

Therefore, an algorithm was designed and implemented to monitor and
update the indicators of the microclimate of medicines storage, as well as to find
suitable placements in case of violations and notify users of the software system

for storage and conditions control of medicines.
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