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Abstract: This paper presents a practical implementation of a low-cost device for monitoring several environmental indicators, intended for use in small indoor spaces such as laboratories and storage facilities. The system is built around the AT89C51 microcontroller platform. It integrates a DHT11 temperature and humidity sensor, an ADC0832 analog-to-digital converter, an LCD1602 character display, LED indicators, a buzzer, and three tactile push buttons. Data processing and circuit simulation were carried out using Keil and Proteus environments. The results demonstrate high operational stability, sufficient measurement accuracy, and fast response when parameters exceed predefined thresholds.
Introduction
Environmental monitoring in small indoor spaces (laboratories, storage rooms, greenhouses) often requires low-cost, easy-to-implement solutions. Traditional commercial systems are frequently over‑specified, expensive, and difficult to maintain. The AT89C51 microcontroller offers a balanced trade‑off between cost, power consumption, and processing capability, making it suitable for embedded monitoring devices. This work presents the design and simulation of a compact system capable of measuring temperature, relative humidity, and a simulated hydrogen concentration, displaying the data on an LCD, and triggering audible/visual alarms when user‑defined thresholds are exceeded.
Objectives
The main goals of this study are:
1. To design a modular environmental monitoring system based on the AT89C51 microcontroller.
2. To integrate a DHT11 sensor for temperature/humidity and an ADC0832 for analog signal acquisition (hydrogen simulation).
3. To implement a user interface with a 16×2 LCD and three push buttons for threshold adjustment.
4. To validate the system’s functionality through simulation in Proteus and Keil environments.
Materials and Methods
Hardware Components
Microcontroller: AT89C51 (8‑bit, 4 KB Flash, 128 B RAM)
Sensors: DHT11 (temperature ±1°C, humidity ±5%)
Analog interface: ADC0832 (8‑bit, 2‑channel) with a potentiometer to simulate hydrogen concentration
Display: LCD1602 (4‑bit mode)
Alarms: 4 LEDs (low/high temperature, high humidity, high H₂) + piezoelectric buzzer
Input: 3 tactile buttons (mode set, increase, decrease)
Supporting circuits: 11.0592 MHz crystal, two 30 pF capacitors, reset button with 10 kΩ resistor and 10 µF capacitor
Software and Simulation
Firmware written in C using Keil C51, compiled to HEX.
Circuit simulation performed in Proteus 8 Professional.
Virtual DHT11 model and ADC0832 with adjustable potentiometer used for testing.
System Operation
1. Data acquisition: The DHT11 single‑bus protocol is implemented with microsecond‑precision delays. The ADC0832 reads the potentiometer voltage (0–5 V) and converts it to an 8‑bit value (0–255), then scales to 0–100% hydrogen equivalent.
2. User interaction: In normal mode, real‑time readings are displayed. Pressing “Set” enters threshold‑adjustment mode; “+” and “–” modify the selected limit. A long press saves settings.
3. Alarm logic: If any monitored parameter exceeds its predefined threshold, the corresponding LED lights up and the buzzer sounds. Alarms reset automatically when values return to normal.
Results
The system was tested through a 4‑hour continuous simulation in Proteus. Key findings:
	Parameter
	Measured range
	Accuracy / Response

	Temperature (DHT11)
	0–50 °C
	±1 °C (vs. simulated source)

	Humidity (DHT11)
	20–90 %
	±5 %

	Simulated H₂ (ADC0832)
	0–100 %
	linear, 8‑bit resolution

	Alarm response time
	—
	< 100 ms

	System stability
	4 hours
	no crashes, no data loss


The LCD displayed all values clearly without flicker. Button debouncing worked reliably, and threshold changes took effect immediately. No false alarms were observed.
Conclusion
A low‑cost, multi‑parameter environmental monitoring system based on the AT89C51 microcontroller was successfully designed and validated through simulation. The device meets the requirements for small‑scale applications: it provides accurate temperature/humidity readings, simulates hydrogen detection, offers user‑adjustable alarms, and operates stably over extended periods. Future work includes replacing the hydrogen simulator with a real electrochemical sensor, adding temperature compensation, and integrating wireless data transmission (Bluetooth/WiFi).
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