
Emerging countries are in need of a low -cost 

thermometer to determine body temperature.  Currently, 

mercury thermometers are used, which are likely to 

break.  The design incorporates low -cost, durable 

materials to withstand harsh conditions.  The circuitry 

utilizes a thermistor incorporated within a Wheatstone 

bridge.  The signal is amplified using a low power op -amp.  

A microcontroller was programmed using an algorithm, 

which converts voltage output to temperature.  

Goal of providing low -cost medical 

equipment for emerging countries

Use of MedCal:

Å Handheld medical platform

ÅCircuitry

ÅUSB

ÅBluetooth

Å Interfaces with thermometer, 

spirometer, and pulse oximeter

Å Low-cost, $2 or under 

ÅAccurate to ± 1 ° C 

Å Detection within 32 to 42 ° C 

Å Durable

Å Easy to operate

Å Little to no maintenance

Å Calibrated for oral use
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Material Cost

Polypropylene Tube 0.10

Stainless Steel Probe 0.15

24 Gauge Zip Cord 0.10

Circuitry 0.85

TOTAL $1.20
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Materials implemented:

ÅPolypropylene 

ÅStainless steel

ÅThermally conducting epoxy

ÅThermistor

Å24 gauge zip cord

ÅHeat shrink tubing

ÅCircuit elements

ÅCompatibility:

ÅThermometer tube

ÅHeat conducting probe

ÅHigh-temperature

ÅLiquid-tight

ÅDurability
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Thermistor within Wheatstone Bridge 

changes resistance with temperature, 

and bridge voltages are sent through 

differential amplifier to output send 

to MedCal.

Å Determine mass production specifications

ÅInsertion of calibration resistor

Å Calibrate and test for rectal temperature detection

Å Seek more ways into decreasing cost

Å Obtain better accuracy
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Figure 1: MedCal prototype.

Figure 2: Data used to obtain the coefficient for the algorithm.

Thermistor

ÅTemperature dependent resistor

ÅAs the resistance changes, the 

output of the circuit changes, and 

indicates the magnitude of 

temperature change

Figure 4: Completed thermometer casing.
Figure 5: SolidWorks drawing of thermometer components.

Figure 6: EAGLE schematic of circuit.

Material TestingAlgorithm

Figure 7: Circuitry on protoboard.

Background

ÅMedical equipment in emerging countries 

ÅLack of technical knowledge 

ÅUnderused equipment 

ÅReduced useful lifetime of equipment 

ÅLack of maintenance and repair 

ÅLack of spare parts 

ÅUnpredictable funds 

ÅLimited qualified staff 

ÅUnpredictable electric power
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Water Bath - Voltage vs. Temperature
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Human Testing

Trial 1 (98.2)

Trial 2 (98.1)

Trial 3 (97.8)

Trial 4 (98.1)

Trial 5(97.8)

Using data from human testing trials, a linear regression was created in order to 

find the body temperature in 20 seconds instead of 3 minutes.

Figure 3: Thermistor water bath data.


