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Intelligent aquarium

high-precision temperature control system
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Abstract

The purpose of this project is to address the problem of fish dying from
physiological breakdown during summer heat waves in traditional aquariums due to
the lack of precise, two-way temperature control. The aim is to construct a highly
stable and accurate two-way temperature control system for aquarium ecosystems

through pure hardware circuit design.

In terms of process and methodology, a three-wire Pt100 platinum resistance
thermometer is used as the core sensing element. This thermometer is placed in an
inverting feedback path of an "active bridge" constructed from a precision operational
amplifier OPO7CP and a TL431 precision reference voltage source. This linearizes the
dynamic water temperature from 0°C to 50°C into a weak DC negative voltage
ranging from 0 mV to -19.25 mV. Subsequently, a post-stage inverting amplifier
provides a gain of 103.9 times, inverting and amplifying the signal to a positive DC
voltage. At the control and indication end, the system uses a high-input-impedance
digital voltmeter for intuitive display and an LM393 dual voltage comparator to create
a hardware window control loop. When the water temperature exceeds the limit, a
high-power MOSFET is driven to activate the cooling chip for cooling; when the

water temperature is too low, a relay activates the PTC ceramic heater.

Final results show that, after calibration using a standard resistance box
approximation method and a five-point linearity comparison test, this system
eliminates the nonlinear dead zone of traditional Wheatstone bridges, keeping the
control dead zone within 0.5°C, and exhibiting extremely low power consumption of
the MOSFET switching elements. This highly reliable control technology, eliminating
the risk of microprocessor crashes, is perfectly applicable not only to home or
industrial-grade aquariums and high-density aquaculture farms, but can also be
extended to precision chemical laboratory liquid temperature control, biomedical
specimen preservation chambers, or environmental monitoring equipment requiring

highly stable DC weak signal conditioning and strict temperature control.
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Keyword :

1. Pt100 platinum resistance thermometer
2. Active bridge circuit

3. Precision operational amplifier

4. Thermoelectric cooling module (TEC)
5. PTC ceramic heating rod.
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