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SELECTION OF COMMUNICATION INTERFACES FOR A MICROCLIMATE
MONITORING SYSTEM

A. Fesenko, S. Sotnik

Kharkiv National University of Radio Electronics

Ukraine, 61166, Kharkiv, Nauky av., 14

E-mail: alina.fesenko@nure.ua

Annotation: The work considers the issue of choosing communication interfaces for microclimate
monitoring systems in residential, industrial, and public premises. The main criteria for choosing data
transmission channels are analyzed, in particular, the length of the communication line, noise
immunity, information capacity, scalability, and the total cost of ownership of the system. Analog,
wired digital, and wireless interfaces are compared in terms of their functionality and feasibility of
application. Recommendations are given for choosing the optimal solution depending on the scale
and operating conditions of the microclimate monitoring system.

Key words: microclimate monitoring, communication interfaces, wireless technologies, Modbus
RTU, energy consumption.

BHUBIP IHTEP®ENCIB KOMYHIKAIII JIJII CHACTEMHA MOHITOPUHI'Y
MIKPOKJ/IIMATY

A. O. ®ecenko, C. B. Cornuk

XapKiBCbKHI HalllOHATBHUN YHIBEPCUTET Pali0eEKTPOHIKH,

VYkpaina, 61166, Xapkis, np. Hayku 14

E-mail: alina.fesenko@nure.ua

Anomayia: Y poOOTI pO3IISIHYTO TNUTaHHS BUOOpY IiHTEep(dECIiB KOMYHIKaIii JUIsl CHCTEM
MOHITOPUHTY MIKPOKJIIMATy B JKWUTJIOBHX, TPOMHUCIOBUX Ta TPOMAACHKUX MPUMIIICHHSIX.
[IpoanaizoBaHo OCHOBHiI KpuTepii BHOOPY KaHATIB IMepeJaBaHHS JNaHUX, 30KpeMa JIOBXKUHY JiHIT
3B’SI3Ky, 3aBaJIOCTIHKICTh, 1H(GOpPMAIIHY MICTKICTh, MAacIITabOBaHICTh Ta CYKYIHY BapTICTh
BOJIOJIIHHS cucTeMor0. [IpoBefieHO MOPIBHSHHS aHAJIOTOBUX, APOTOBUX HU(POBUX Ta OE3aPOTOBUX
iHTepdeiciB 3 TOYKH 30py iX (YHKIIOHAIBPHUX MOMKJIMBOCTEH Ta JIOIUIBHOCTI 3aCTOCYBaHHSI.
HaBeneno pexomenparii moao BHOOpPY ONTHMAJIbHOIO PIIIEHHS 3aJIEKHO BiA MacmTaly Ta yMOB
eKCIUTyaTarlii CHCTEMU MOHITOPHHTY MIKpOKJIIMATYy.

Knrouoei cnoea. MOHITOPUHT MIKpOKIIMaTy, iHTepdelcn KOMyHIKallii, 0e3IpoTOB1 TEXHOJIOTI],
Modbus RTU, eneprocrnoxiuBaHHSL.

Ensuring stable microclimate parameters is an important condition for the safe and efficient
operation of residential, industrial, warehouse, and public premises [1-6]. Controlling temperature,
humidity, gas concentrations, and other parameters directly affects human comfort, the preservation
of materials, the proper operation of equipment, and the energy efficiency of buildings. The lack of
systematic monitoring can lead to hidden environmental parameter deviations, which reduces
equipment lifespan and increases operational costs. The overall trend of automation in engineering
systems raises the requirements for the reliability and integration of communication solutions,
regardless of their specific purpose [7-15].

Modern microclimate monitoring systems are based on distributed measurement nodes that
transmit data to a centralized management or dispatch system. The key factor in the effectiveness of
such systems is the correct choice of communication interfaces between sensors and controllers. The
relevance of the topic is determined by the need to combine reliability, scalability, and cost-
effectiveness under increasing demands for the automation and digitalization of engineering systems.
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Considering the variety of operating conditions and the requirements for microclimate monitoring
systems, the task of reasonably choosing a communication interface between measuring devices and
the control system arises. To make such a decision, it is advisable to use a system of criteria that
allows comparing different types of interfaces in terms of technical, operational, and economic
indicators:

1. An important criterion for selection is the length of the communication line and its noise
immunity. The 4-20 mA analog interface is optimal for transmitting signals over long distances
(hundreds of meters) in industrial environments with a high level of electromagnetic interference.
The current signal has high noise immunity and is less sensitive to cable losses, making it reliable
when used with programmable logic controllers. Digital interfaces like 12C and SPI are intended for
short distances and are mainly used within a single device or cabinet. They provide high data
exchange rates but are very sensitive to interference. The Modbus RTU digital protocol over RS-485
allows data transmission over long lines with high noise immunity and can connect up to 32 devices
on a single bus, significantly reducing the number of cables. Wireless technologies (LoRaWAN,
Zigbee, Wi-Fi, NB-1oT) eliminate the need for cabling, which is especially relevant for complex or
historical sites. When choosing them, it is necessary to consider communication range, bandwidth,
and energy consumption.

2. Information capacity and functionality are the second key criteria when evaluating interfaces.
The 4-20 mA analog interface transmits only a single parameter and does not support the
transmission of diagnostic or service data. Digital interfaces allow for the transmission of not only
measured values but also device status, fault information, calibration requirements, sensor
identification, as well as multiple physical parameters from a single measurement node. In addition,
they provide the ability to remotely change device configurations.

3. System scalability and flexibility are the third evaluation criterion. When using a 4-20 mA analog
interface, each sensor requires a separate cable and a separate analog input on the controller. Adding new
monitoring  points leads to a  significant  increase  in  cabling infrastructure.
Digital bus solutions, particularly Modbus RTU, allow connecting dozens of devices on a single line,
significantly ~ reducing the complexity and cost of deploying a large system.
Wireless systems provide maximum flexibility and make it easy to add or move monitoring points, thereby
increasing scalability; however, the issue of autonomous power supply needs to be addressed.

4. Deployment and operating costs (Total Cost of Ownership — TCO) are an important criterion for
comparison. Analog 4-20 mA systems incur high expenses for cables, installation, and controller
hardware inputs, but are characterized by implementation simplicity and low per-connection cost.

Digital interfaces 12C and SPI are the cheapest at the printed circuit board level, but require
additional gateways for integration with higher-level systems.

Modbus provides an optimal balance between cost, reliability, and functionality for medium and
large systems.

Wireless solutions minimize installation costs but may have higher equipment costs and battery
maintenance expenses.

5. Additional criteria — transmission delay (Table 1) and power consumption (Table 2)
significantly influence the choice of communication interface. Wired interfaces are characterized by
low and deterministic latency, making them suitable for real-time tasks. At the same time, wireless
technologies ensure minimal power consumption and the possibility of autonomous operation, which
is critically important for distributed microclimate monitoring systems.
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Table 1 — Comparison of interfaces by data transmission latency

Interface Typical delay Real-time suitability
4-20 mA Minimum High
12C / SPI Very low High
Modbus RTU Low High
Zigbee Average Limited
Wi-Fi Variable Low
LoRaWAN High Unsuitable
NB-loT High Unsuitable

Table 2 — Comparison of interfaces by power consumption

Interface Energy consumption Possibility of autonomous operation

4-20 mA High No

12C / SPI Low Limited

Modbus RTU Average Limited
Zigbee Low Yes
Wi-Fi High No
LoRaWAN Very low Yes
NB-loT Low Yes

It was established in the course of the work that the selection of a communication interface for a
microclimate monitoring system is an important design stage, which affects the reliability, ease of
expansion, and total cost of the system. Each type of interface has its advantages and limitations, so a
universal solution does not exist.

The analog 4-20 mA interface is advisable to apply in small local systems with 5-10 measurement
points, where high noise immunity, compatibility with existing controllers, and ease of integration
with existing PLCs are important. The main drawback is the transmission of only one parameter and
the difficulty of expanding the system when the number of sensors increases.

Digital wired interfaces, particularly Modbus RTU over RS-485, are the optimal solution for
medium and large-scale monitoring systems (from 20 points and above), as they provide a balance
between reliability, data capacity, and cost.

Wireless technologies offer the greatest flexibility and ease of installation, especially in hard-to-
reach or temporary areas. The most effective solutions are energy-efficient ones, such as LoRaWAN,
although they have limitations in terms of speed and data transmission latency.

Overall, for modern microclimate monitoring systems, it is advisable to use a combined approach,
integrating wired and wireless interfaces depending on the operating conditions. This allows for the
creation of a reliable, flexible, and cost-effective system.

In the course of the work, a systematic comparison and analysis of modern communication
interfaces for use in microclimate monitoring systems was carried out. The purpose of the analysis
was to identify optimal solutions that ensure the reliability, scalability, and cost-effectiveness of
distributed systems for controlling environmental parameters. For an objective comparison, a system
of criteria was developed, covering key technical, operational, and cost aspects: the length and
interference immunity of the communication line, information capacity, scalability, total cost of
ownership (TCO), as well as additional parameters — data transmission delay and energy
consumption.

The study established the absence of a universal solution and defined clear areas of effective
application for each type of interface. The analog 4-20 mA interface confirmed its effectiveness for
small local systems with high requirements for interference immunity, but proved limited in terms of
functionality and scalability. The digital wired Modbus RTU interface on the RS-485 bus was
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identified as the optimal balanced choice for medium and large systems that require reliable data
transmission from multiple devices over a single line. Wireless technologies, particularly power-
efficient ones (LoRaWAN, Zigbee), demonstrated their indispensability for monitoring in hard-to-
reach areas and at sites with complex architecture, albeit with limitations on transmission speed.

Thus, the conducted work allows for a well-founded approach to system design, based on specific
operating conditions and technical requirements. The main practical conclusion is the advisability of
a hybrid, combined approach, which allows integrating the advantages of wired and wireless
interfaces to create a flexible, reliable, and cost-effective microclimate monitoring system.
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