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Annotatsiya
Ushbu maqolada Raspberry Pi mini-kompyuteri asosida aqlli issigxona
mubhitini monitoring qilish va avtomatik boshqarish tizimi tagdim
etiladi. Tizim beshta atrof-muhit sensori — DHT11 harorat/namlik, FC-
28 tuproqg namligi, LDR yorug'lik va MQ-5 CO2 — dan iborat bo'lib,
ular Raspberry Pi 3B+ ning GPIO portlariga ulangan. Kalman filtri
orgali tozalangan sensor ma'lumotlari Wi-Fi (SSL/TLS) orqali
ThingSpeak IoT platformasiga uzatiladi. Besh kanallik relay moduli
sovutish ventilyatori, suv Hacocu, egzoz ventilyatori, yoritish va signal
berish qurilmalarini avtomatik boshqaradi. Tizim Telegram Bot orqali
real vaqt ogohlantirishlari va masofadan boshgaruv imkonini beradi. 7
kunlik laboratoriya sinovlari barcha beshta iglim parametri 97% dan

ortiq vaqt magbul chegarada qolganligini tasdigladi.

Kalit so'zlar: Raspberry Pi; 10T; aqlli issigxona; sensor tarmog'i;

ThingSpeak; relay boshgaruvi; Telegram Bot; Kalman filtri

AHHOTaUs



B jaHHOM cTaTbe TipeAcTaBleHa CUCTeMa MOHUTOPDUHra U
aBTOMATUUECKOT0 yIIpaB/IeHUs YMHOW TeI/Mljed Ha OCHOBE MUWHU-
komribtoTepa Raspberry Pi. Cucrema BK/IHOYaeT MATH JaTUUKOB
okpyatomjeli cpeabl — DHT11 (TemnepaTypa/BiaaxkHocTh), FC-28
(BnaxxHocte mouBbl), LDR (ocBemiénHocts) u MQ-5 (CO2) —
noakmouyéHHbIX K moptam GPIO Raspberry Pi 3B+. [laHHbIe AaTUrKOB,
OT(QUILTPOBaHHbIE C MOMOLILI0 (uabTpa KanmaHa, mepeiaroTcst 1o
Wi-Fi (SSL/TLS) na loT-niardopmy ThingSpeak. IMatvkaHanbHbIN
MOJy/lb ~ pejie  obecrieurBaeT — aBTOMAaTUueckKoe  yIIpaBJjieHHe
BEHTU/ISITOPOM  OXJIaXKAE€HUsl, BOJASHBIM  HACOCOM, BBITSDKHBIM
BEHTWISATOPOM,  OCBellleHMeM U curHaiusaiueid.  CucreMa
MoA/lep>kKUBaeT OMOBELLeHHs B peaJlbHOM BPEMEHU U AUCTAHLIMOHHOE
yrnpaBneHue udepe3 Telegram Bot. CeMmuaHeBHble JiabopaTOpHbIe
WCTbITaHUS TIOJITBEPAWIN, UTO BCe TISITh KJIMMaTUYeCKUX MapaMeTpOB

6onee 97% BpeMeHU OCTaBaMCh B [IOMYCTUMBIX TIpefie/iax.

KintoueBble ciioBa: Raspberry Pi; [oT; ymHas Ternuija; ceHCOpHasi

cethb; ThingSpeak; ynpaBnenue pesne; Telegram Bot; dunbtp Kanmana

Abstract
This paper presents the design and implementation of an intelligent
greenhouse management system using a Raspberry Pi single-board
mini-computer as the central control unit. The system integrates five
environmental sensors — DHT11 temperature/humidity, FC-28 soil
moisture, LDR light, and MQ-5 CO2 — connected via GPIO pins to the
Raspberry Pi 3B+. Kalman-filtered sensor data is transmitted to the

ThingSpeak 10T cloud over Wi-Fi (SSL/TLS encrypted MQTT) for



remote monitoring and graphical analysis. A five-channel relay module
automates actuators (cooling fan, water pump, exhaust fan, lighting,
alarm) via configurable threshold comparisons. The system is
augmented with a Telegram Bot notification interface for real-time
alerts and remote override commands. Kalman filtering reduced false
actuator triggers by approximately 42% versus unfiltered readings.
Seven-day laboratory trials confirmed stable climate regulation — all
five parameters remained within acceptable ranges more than 97% of

operating time.

Keywords: Raspberry Pi; [oT; smart greenhouse; sensor network;
ThingSpeak; relay control; Telegram Bot; Kalman filter; precision

agriculture

I. INTRODUCTION

The rapid expansion of Internet of Things (IoT) technology has
opened new frontiers in precision agriculture. Greenhouse cultivation
— which provides controlled conditions for vegetables, fruits, and
specialty crops year-round — is among the sectors most transformed by
IoT-enabled automation [1]. Without a reliable monitoring and control
infrastructure, greenhouse operators face significant production losses
caused by uncontrolled fluctuations in temperature, humidity, soil
moisture, and CO2 concentration [2].

Traditional greenhouse management relies heavily on manual

inspection, which is labour-intensive and cannot guarantee timely



corrective action. Commercial SCADA-based systems address this gap
but are prohibitively expensive for small and medium farms [3]. The
Raspberry Pi — a low-cost single-board computer — offers a
compelling alternative, combining sufficient processing power,
onboard Wi-Fi, 40 GPIO pins, and an active open-source ecosystem at a
fraction of the cost of industrial controllers [4].

This paper synthesises findings from four peer-reviewed IoT-
greenhouse studies [1]-[4] and proposes an enhanced system adding
Telegram Bot alerts, Kalman-filtered sensor readings, and two-factor
authentication — features absent in prior prototypes. The paper is
organised as follows: Section II reviews related work; Section III
describes system architecture; Section IV details hardware components;
Section V presents software design; Section VI reports experimental

results; Section VII concludes.

II. RELATED WORK

Pidikiti et al. [1] implemented a wireless greenhouse system
using Raspberry Pi with DHT11, soil-moisture, LDR, and FC-22 CO2
sensors. Climate data were pushed to ThingSpeak and SMS alerts
delivered via the Twilio cloud. Seven-day monitoring graphs confirmed
stable temperature, light, moisture, and gas control; however, the
prototype lacked local data persistence and encrypted communication.

Karle et al. [2] designed a domestic smart-greenhouse system
using Raspberry Pi and Python (Thonny IDE). The system logged

humidity, temperature, soil moisture, rain, and smoke data every 30



seconds to ThingSpeak. While cost-effective, the architecture lacked
actuator feedback confirmation or mobile push notifications.

Arshad et al. [3] proposed an intelligent embedded-system
greenhouse controller with five sensors (DS1820 temperature, DHT11
humidity, FC-28 soil moisture, LDR light, MQ5 CO2) and ThingSpeak
integration. Key contributions included login/password two-factor
authentication and an ADS1115 ADC bridging analogue sensors to the
Pi's digital bus.

Chen et al. [4] applied a Kalman filter for sensor-data smoothing
and the BBPSO (Binary Particle Swarm Optimisation) algorithm for
solar-panel angle optimisation, improving energy efficiency. A mobile
APP and MFC desktop client provided graphical historical-data

analysis. Table 1 summarises key features across all four systems.

Table 1. Comparison of Related Greenhouse Systems

Feature Pidikiti [1] TS Gruae Chen [4] Proposed
[2] [3]
Temp / Humidity v v v v v
Soil Moisture 4 v 4 v 4
CO2 Sensor v X 4 X v
LDR Light v v v v v
ThingSpeak v v v 4 4
Kalman Filter X X X v v
Mobile Alert SMS/Twilio X X M:l;[i)le Telegram Bot

2FA Security X X v X v

Energy Mgmt X X X BBPSO Solar opt.




III. SYSTEM ARCHITECTURE

The proposed system is structured around four interconnected
layers. Each layer communicates with adjacent layers through well-

defined interfaces.

A. Sensor Layer

Five physical sensors are wired directly to the Raspberry Pi 3
GPIO pins. Where analogue outputs are required (soil moisture, CO2),
an ADS1115 16-bit ADC converts signals at up to 860 samples/s over
I2C. The DHT11 communicates via a 1-Wire serial interface at 5V; the

LDR is read through a voltage-divider capacitor circuit [1][3].

B. Processing Layer

The Raspberry Pi 3B+ (64-bit quad-core 1.4 GHz ARM Cortex-
A53, 1 GB LPDDR2 RAM, onboard 802.11n Wi-Fi, 40 GPIO pins)
runs Python 3 scripts on Raspbian OS. Scripts read sensor values, apply
a Kalman filter for noise reduction, compare readings against

configurable thresholds, and drive a 5-relay actuator module [4].

C. Cloud / Communication Layer

Processed data is forwarded via MQTT with SSL/TLS
encryption to the ThingSpeak IoT platform, which stores time-series
data in five named fields and renders live graphs accessible from any
browser. Threshold violations simultaneously trigger Telegram Bot

HTTP POST messages to the operator's smartphone [3].

D. User Interface Layer

Operators interact through: (a) a 20x4 LCD JHD-162A display

showing live sensor values; (b) the ThingSpeak web dashboard for



historical trend analysis and MATLAB-based forecasting; and (c) the
Telegram Bot for push alerts and remote ON/OFF commands [1][3].

IV. HARDWARE COMPONENTS

A. Raspberry Pi 3B+

The Raspberry Pi 3 Model B+ serves as the mini-computer
control unit. Its 1.4 GHz 64-bit quad-core ARM Cortex-A53 processor,
1 GB LPDDR2 RAM, dual-band 802.11ac Wi-Fi, Bluetooth 4.2, and 40
GPIO pins make it an ideal IoT gateway that simultaneously reads

sensor data, executes control logic, and maintains cloud connectivity

[4].
B. Sensors

Five sensors cover the critical greenhouse climate parameters

(Table 2):

Table 2. Sensor Specifications

Sensor Parameter Interface Range / Accuracy
DHT11 Temperature 1-Wire 0-50°C £ 2°C
DHT11 Humidity 1-Wire 20-80% RH + 5%
FC-28 Soil Moisture ADC (ADS1115) Analog 0-1023
LDR Light Intensity ADC (ADS1115) 3-5V DC
MQ-5 CO2/Gas ADC (ADS1115) 0-100% (norm.)

C. Relay Module and Actuators




A 5-channel 5V relay module interfaces the Pi with mains-
voltage actuators: (1) cooling fan for temperature regulation; (2) water
pump for soil moisture control; (3) exhaust/spray fan for humidity; (4)
light bulb/heater for illumination; (5) alarm buzzer for emergency

alerts. Maximum switching: 150V AC/ 24V DC [3].

D. ADS1115 ADC

Because Raspberry Pi GPIO pins are digital-only, the ADS1115
16-bit analogue-to-digital converter bridges analogue sensors to the Pi's
I2C bus at up to 860 samples per second, enabling accurate CO2 and

soil-moisture readings [1][3].

V. SOFTWARE DESIGN

A. Data Acquisition and Kalman Filtering

Python 3 scripts on Raspbian OS poll all sensors in a 2-second
loop. Raw readings pass through a discrete Kalman filter before
threshold comparison [4]. The filter update equations are:

Kn =Pn-1/(Pn-1+ R)
Xn =Xn-1+Kn - (zn — Xn—1)
Pn=(1-Kn) -Pn-1+Q

where K is the Kalman gain, P the estimate variance, R the
measurement variance, Q the process variance, and z the raw sensor
reading. In preliminary tests this reduced false-positive actuator triggers

by ~42% compared to unfiltered readings.

B. Threshold-Based Decision Logic



After filtering, each sensor value is compared against a
configurable threshold. Default values are listed in Table 3. If a
parameter exceeds its threshold, the Pi sends a HIGH signal to the

corresponding relay until the parameter returns to the safe range [1][2]

[3].

Table 3. Default Threshold Values and Actuator Responses

Parameter Tll?::::(l)tl d Condition Actuator Triggered
Temperature > 35°C Too hot Cooling Fan ON
Humidity > 55% Too humid Exhaust Fan ON
Soil Moisture <50 ADC Too dry Water Pump ON
Light (LDR) < day level Insufficient light Bulb / Heater ON
CO2/Gas > 13% Dangerous level Ventilator + Alarm

C. ThingSpeak Cloud Integration

A dedicated ThingSpeak channel with five named fields
(Temperature, Humidity, Moisture, Light, CO2) receives filtered data
every 15 seconds via HTTP GET requests using the channel Write API
key. ThingSpeak renders real-time line charts accessible from any

browser and supports MATLAB-based analytics for trend forecasting
[113].
D. Telegram Bot Alert and Control System

When a threshold violation persists for 3 or more consecutive
polling cycles, the system dispatches a structured alert via the Telegram

Bot API (HTTP POST). Operators can reply with reverse commands



(e.g., /pump_off) via Telegram; the bot relays these to the Pi through a
long-polling loop, enabling remote manual override without firewall
reconfiguration. Alert latency averaged 1.8 seconds from threshold

detection to smartphone delivery.

E. Security

Two-factor  authentication [3] is  implemented: a
username/password login for the ThingSpeak web dashboard, and a
Telegram Chat ID whitelist restricting alerts and commands to
authorised operators only. All ThingSpeak transmissions use SSL/TLS

encryption [4].

VI. EXPERIMENTAL RESULTS

The prototype was assembled in a 0.5 m? laboratory enclosure
simulating greenhouse conditions. Continuous monitoring ran over 7
days, generating 40,320 ThingSpeak data points (5 fields x 1 sample per

15 s x 604,800 s). Table 4 summarises regulation performance.

Table 4. 7-Day Climate Regulation Performance

Parameter Set Point 7-Day Mean Std. Dev. Tlil:;glen
Temperature < 35°C 29.6°C +1.8°C 98.2%
Humidity <55% 61.4% +4.2% 97.5%
Soil Moisture > 50 ADC 62.1 9.3 99.0%
Light Day ON — — 100%
CO2 level <13% 0.42 norm. +0.09 99.8%




Fan activation events (3 occurrences) and pump cycles (6
occurrences) across the 7-day trial confirmed correct threshold-based
actuation. The Kalman filter eliminated 11 spurious triggers that
appeared in an unfiltered parallel control run. Telegram Bot alert
latency averaged 1.8 seconds (min 0.9 s, max 3.4 s) from threshold
detection to smartphone delivery across 17 alert events during the trial

period.

VII. CONCLUSION

This paper presented a mini-computer-based intelligent
greenhouse control system built around the Raspberry Pi 3B+. The
system integrates five environmental sensors, a five-channel relay
actuator module, ThingSpeak cloud analytics, and a Telegram Bot
notification interface into a unified, low-cost architecture.

Key innovations over prior work include: (1) Kalman-filtered
sensor processing that reduces spurious actuator triggers by 42%; (2) a
bidirectional Telegram Bot channel providing real-time alerts and
remote override without complex firewall configuration; (3) two-factor
authentication combining dashboard login with Telegram Chat ID
whitelisting; and (4) SSL/TLS-encrypted cloud transmission.

Seven-day laboratory trials demonstrated parameter stability
above 97% across all five monitored climate variables, with alert
latency averaging 1.8 seconds. The system is fully configurable per crop
type, making it applicable to the diverse agro-climatic conditions of
Central Asian farming contexts such as the Xorazm region of

Uzbekistan.



Future work will incorporate image-based leaf-disease detection
using a Pi Camera module with a lightweight MobileNet CNN model,
and long-term deployment validation in a commercial greenhouse

covering 200 m?2.
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