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Solution: Liquid Crystal Thermometer

Problem Definition

Medical thermometry in Uganda is a limited resource that is oftentimes confined to hospitals 

in cities, and far from rural areas.  It can be difficult for caretakers to bring their children to 

hospitals and cities just to monitor their children’s vitals signs, which causes an abnormally 

high child mortality rates. According to a study performed by the King’s College Hospital, the 

average distance each South African villager needs to travel to arrive at the nearest hospital is 

60km. A study published in the Emergency Medicine Journal found that the risk of death for 

seriously ill patients in the UK rose 1% for every 10km.

Besides large walking distances in Uganda, the lack of electricity in rural villages makes 

it difficult to measure infant vital signs such as body temperature in a quick and clean manner. 

Body temperature is a crucial in determining sickness where a fever is one of the common 

symptoms. A rapid increase in temperature could indicate hyperthermia while a downward 

decline of temperature is a sign of hypothermia. Both extremes in temperature indicate that the 

infant is in a serious disposition and should be looked after.

 

Need Statement

Our device needs a method to detect abnormal body temperatures for children in an accurate 

manner that is both cost-effective and self-sufficient.

 

Functional Requirements

The device must be able to measure and indicate temperature range of an infant. The results from 

the device should be easily interpretable by observers.

 

Technical Constraints

The device should fulfill as many of these qualities as possible:

1. Inexpensive

2. Minimal energy needs

3. Easy, quick, intuitive to use

4. Antiseptic or easy to clean

5. Durable, able to function properly in different climates and exposure to most natural 
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conditions

 

 

Possible Customers

Non-Governmental Organizations (NGOs):

NGOs play a major role in funding medical care in developing countries. These organizations 

serve as siphons that raise funds from developed nations and redistributes them to areas of need 

across the globe. Many of these organizations, such as the International Red Cross,World Health 

Organization,Concern World Wide and Doctors Without Borders provide medical centers in 

developing countries with medical services and supplies. NGOs rely on donations and therefore 

are inclined to buy quality but inexpensive medicine.

 

Governmental Organizations:

There are 2 major governmental organizations in lesser-developed regions that would benefit 

from our device: hospitals, village centers, additionally individual caretakers’ homes. The first 

two “organizations” are centralized locations where medical resources can be made available to 

a wide range of people, though they may have to travel far in order to receive medical attention. 

The individual caretakers’ homes, is closer and more convenient to use, and allows the detection 

of disease earlier. However, providing individual monitors to each child can be cost-inefficient 

depending on the cost of each unit.

 

Our assessment of various organizations that may utilize our monitor is as follows:

1. Hospitals

Hospitals are typically either state-funded and public. Both Governmental Organizations and 

NGOs hospitals are actively searching for methods to cut costs without reducing quality of 

care, as funding from the state or donors can be minimal or inconsistent. Hospitals have some 

technically competent staff that know how to use vital-signs monitors properly and the means to 

train them properly. Compared to other buildings, hospitals in lesser-developed regions are more 

likely to have electricity, so monitors and other medical instruments can be powered. However, 

electricity can be sporadic and limited, so a solution with minimal power saves electricity for 

more-power-intensive devices.
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Implementing our solution in hospitals is ideal but has minor shortfalls. Hospitals 

are often built in areas of high population density to maximize their patient coverage region. 

However, this makes it difficult for people living in distant villages to receive treatment. 

Furthermore, transporting patients, especially those sick and/or young, across long distances can 

be dangerous and potentially fatal.

2. Villages

Individual villages can grant inhabitants access to determine sickness without needing to travel 

far distances for diagnosis or treatment at the nearest public clinic. However, villages can be far 

and remote population centers so distributing medical supplies to such villages can be difficult, 

and the lack of available electricity limits monitors to using battery, solar, or a passive solution. 

In addition, a large number of villages in any particular region means many monitors will 

be needed. This results in a large expense for the organization that wishes to distribute these 

monitors unless each unit incurs only a minimal cost.

Communities:

Individual Homes (All caretakers get one)

Implementing of a simple device to measure temperature to individual homes has its benefits. 

This allows mothers to be able to monitor their children at any time desired within their own 

home, without having to travel to a hospital or village center. Usage of reusable monitors allows 

one household to share monitors with another household, should a device fail or break down. It is 

the most direct and accessible route, allowing the monitors to almost go straight to the patient.

However, providing each home with a monitor faces difficulties. This is the most 

expensive option, as many monitors will have to be produced and distributed. Also, unless the 

cost of monitors is subsidized of free, most families would not be able to afford one. Lastly, it is 

not the most efficient solution, as the monitors will remain unused most of the time, since most 

babies are not ill for twenty-four hours a day.

 

Prospective Solutions

1. Alcohol thermometer. This solution is quite similar to the mercury thermometer, but it is 

less toxic in contents. The meniscus of the liquid indicates the temperature of the patient.

a. PROS

i. Typically covers a range from −110 to +160°F (−79 to +71°C)
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ii. Passive - they do not require any external power sources

b. CONS

i. Capillary action requires either entire thermometer to be exposed to same 

temperature or specially designed thermometers used for this application.

ii. Glass construction is fragile - use in rugged environments require a metal 

sleeve or armor.

iii. Glass construction poses risk of injury to patients.

iv. Used internally - sterilization/cleaning is vital to prevent transfer of 

disease and infection.

 

1. Solar-powered thermistor detected by a digital multimeter. A thermistor is a resistor 

that experiences a large change in resistance due to small changes in temperature. They 

are typically good for temperatures between  212 and 750°F (100 and 400°C), but other 

variants are available, depending on thermistor's composition.

a. PROS

i. Very sensitive to temperature changes - allows for high degree of accurate 

readings among small changes.

ii. Largely self-sustainable - uses solar power when available and batteries 

when not.

b. CONS

i. Not as stable as normal resistors and require protection for maintained 

accuracy.

ii. Can degrade at temperature extremes.

iii. Electronic circuitry needs protection from environmental extremes.

iv. Solar panels are expensive and fragile.

 

 

3. Liquid crystal thermometer (LCT). This type of thermometer involves liquid crystals that 

change color upon sensing a temperature differences. The same technology behind aquarium 

thermometer stickers and Mood Rings, existing products are adhesive-backed and can be stuck to 

parts of the body where one wishes to measure the temperature.
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4. Digital electronic thermometer (DET). This is a broad category of thermometers that include 

any type of thermometer that uses a digital display and have high precision and accuracy. 

However, they are battery-powered and thus not self-sufficient.

 

Related Products

1. Glass mercury thermometer (GMT). Considered to be the “gold standard”, this solution 

is very common; based upon mercury’s expansion when heated, the meniscus of mercury 

within the glass tubing allows temperature to be detected. However, mercury is incredibly 

toxic to the environment and the patient if the glass breaks, and mercury contamination is 

a huge concern for pregnant women and children.

2. Infrared pyrometer. It is a non-contacting device that intercepts and measures thermal 

radiation. However, it requires technical knowledge of how to operate it and it is not cost 

effective.

 

Selection Criteria

The criteria used to select our method of detecting body temperatures were based upon 

the many pros and cons of the possible solutions, and checking each solution against the 

technical constraints we originally set. Thus, through this process of elimination (self-

sustainability and lack of energy required being the priority) we decided on using liquid crystal 

technology to develop our own thermometer.

 

Past Trials

Past trials have taken place involving LCTs often comparing them to GMTs and other 

conventional methods of measuring devices in both hospital and non-hospital settings. According 

to a study published in 2005 by the BMJ (British Medical Journal) involving a trial of LCTs 

compared against DETs in a urban slum community in Delhi, India, volunteers without medical 

training were able to take measurements successfully by detecting neonatal hypothermia. Also 

specifically mentioned were the difficulties of dealing with GMTs and DETs, of which the 

former were said to be “ fragile and difficult to obtain in many parts of the developing world” 

and the latter while being “more robust[...]are relatively expensive”.  

Another study that took place in Kathmandu, Nepal assessed the performance of LCTs 
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against GMTs in detecting neonatal hypothermia in a hospital setting in winter. Again, the study 

showed that LCT’s were ideal for rural communities and demonstrated high sensitivity “of 83 

per cent, specificity 96 per cent” in detecting hypothermia.

LCTs were reported as capable to “be used interchangably with GMTs in this setting” 

when used in trials at a hospital in Port Moreby, Papua New Guinea. Citing the same benefits 

as the aforementioned studies, the study makes note that the fragility of the glass, toxicity of 

mercury, and injury to skin and membrane from GMTs necessitate the replacement of such 

devices. However, “in resource-poor environments [replacements] are both impractical and 

unaffordable,” thus keeping the GMT as the predominantly used thermometer in most of the 

world. The study reported that when used on an “individual and disposable basis, they are 

expensive, but when used repeatedly[...] are eminently affordable.”

 

The Solution

Principle of Operation of Solution
Research of liquid crystal thermometers (LCT) revealed the intricate science and 

technology involved. KODAR PETG copolyester (.13mm thickness) is the preferred substrate, 

and this material is printed on one side, painted black. This black background absorbs light 

reflected by the liquid crystals. Liquid crystal molecules are composed of cholesterol (“cholestic 

liquid crystals”) and are typically rod-shaped. The rods are layered in the liquid crystal, with 

adjacent layers juxtaposing each other at varying angles, which form a spiral when layered on 

top of each other.
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Figure 1: Liquid Crystals

When exposed to heat, the distance between each layer of the liquid crystal rods change: the 

colder the temperature (eg. when the distance is equal to half the wavelength of red light) the 

liquid crystal displays the color red, while the warmer the temperature (eg. when the distance 

is equal to half the wavelength of blue light) the liquid crystal displays a blue color. The 

temperatures that fit the calibrated range that the liquid crystals were designed to indicate will 

display a green color. Liquid crystals can be formulated so that they will change color from -

30 to 120 degrees Celsius, change to different colors, and they can even detect as small as a 0.2 

degree Fahrenheit change. LCTs are also reversible, and thus reusable.

 

The Design

To apply this technology to the detection of body temperature, we created a prototype 

of a neonatal temperature detector based on liquid crystal technology. We acquired one sheet of 

liquid crystals, in which on product specifications  the sheet would change color between 30-35 

degrees Celsius. One cut-out square of the LCT sheet is available to detect the temperature of 

the skin upon which the thermometer is applied. This square turns a different color depending 

on the temperature of the skin - red, green, or blue. The square does not change color when the 

temperature has dropped below 35 degrees, red/green when it is between 35 and 37 degrees, and 

blue when the temperature is above 37 degrees.

 

An instruction sheet is also attached to the prototype through a hole on the LCT 
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thermometer, which explains through pictures the method of application of the prototype. The 

instruction sheet was designed with universal understanding as its goal; the pictures are easy to 

interpret and the colors used indicate whether the status of the patient is good or bad.

Figure 2: Instruction Sheet Design
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The design will be applied to the patient’s abdomen, which is the source of body 

temperature that will be measured. The forehead and neck area are also possible locations of 

application. There is an adhesive alternative that allows the thermometer to adhere to the infant’s 

skin, and there is also an alternative that does not, which gives the caretakers the option of 

sticking to the skin or not. Both function in the same way.

 

This design was developed after several ideas, all represented by the images below of the 

mockups:
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The colors in the LCT’s gradient were collected through 5-degree C interval pictures of the LCT 

panel in water. A picture of the setup that was used to collect this data can be seen below:
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Figure 3: Setup

In this setup, two clamps are used to hold the thermometer in place in the center of the 

beaker. The pencil balanced atop the beaker is the placeholder for two strips of LCT material 

that hangs into the water, which heats up gradually from room temperature to the desired 

temperatures (30 degrees Celsius to 40 degrees Celsius). There is also a strip of LCT taped to the 

side of the beaker to measure whether there was a difference between being inside the water and 

outside the water. The camera is set up so that the colors are not adjusted and can capture 

the “real” colors. The camera took pictures that looked like the following:
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Figure 4: Sample Image Taken by Camera

These pictures were imported into a computer and then processed with a MATLab script 

in order to produce a gradient in the design. 

 

MATLab
Matlab was used to extract the colors from the pictures. First, each picture was cropped so that 

only the colorful temperature strip was showing. Then, te temperature strip images were opened 

in Matlab and the red, green, and blue values for the picture were extracted. Finally, Matlab 

plotted the RGB values as a function of temperature, creating a series of parallel colorful bands 

that correspond to certain temperatures (see below for an example).

 

Matlab was useful because it allowed us to measure quantitatively each color, and to plot the 

slight variations in color as a function of temperature. This produced a useful gradient that 

allowed us to tell when the patient is hypothermic, hyperthermic, or healthy.
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Figure 5: Gradient Generated From MATLab
Implementation Method

The design’s implementation method is very easy and can be understood through Figure 2, the 

instruction sheet. An explanation of the instruction sheet is as follows: warm up the thermometer 

by rubbing your finger across the back until color appears on the LCT (indicating that it can now 

sense the temperature of the skin). Apply the thermometer to the baby. If the LCT panel turns 

green, the baby is in a good condition and no action needs to be taken. If the LCT panel turns 

blue, immediate attention is required and the baby should be taken to the doctor. If the LCT 

panel remains black or turns a dull red, indicating a low temperature, the baby should be bundled 

up and if, after one day, the application of the thermometer still turns the LCT red, immediate 

attention must be procured and the baby should be sent to the doctor. After one day, should the 

LCT panel turn green during application, the baby is in a good condition and no action should 

be taken. This process, which occurs when the LCT does not change color or turns a dull red and 

thus indicating hypothermia, is used to ensure that the baby is actually in a bad condition and not 

simply cold - which can happen and may be misleading to the users of the thermometer. 

 
Testing Data
 
We tested the viability of using liquid crystal thermometers (LCT) on various locations of the 

body in two different settings, an indoor setting in the Undergraduate Biomedical Engineering 

Lab at 382 Mudd assuming to be at or slightly above 25°C and a cold urban outdoors 

environment  at 19°C with moderate wind outside of the Mudd building. The goal of this trial 

was to produce information in the operating procedure of LCTs, especially how environmental 

factors can affect their effectiveness. Additionally, this trial served to provide information on 

what locations of the body were most ideal for using a thermometer, especially of the liquid 

crystal variety. As the point of this trial was to examine the effectiveness of liquid crystal 

technology, instead of using our own designed liquid crystal thermometer made from liquid 

crystal sheets, we used a commercially available product called the NexTemp®, a one-time use 

thermometer that uses LCT technology and can be found used in hospitals and clinics around the 

world.

During the trial, we placed NexTemp® LCT thermometers on a location on our test 

subjects, two open locations (forehead and abdomen) and two enclosed locations (mouth and left 
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armpit). After the NexTemp® manufacturer's recommended 1 minute of temperature acquisition, 

we checked the reading on the LCT, then used an infrared pyrometer to get a laser reading of the 

same location. Both temperatures were logged and a percent error was calculated. This was done 

on the 4 body locations in the 2 environmental settings on 3 test subjects with a new LCT each 

time.

Our results show that within an indoor environment, LCTs were able to perform 

consistently within ±3% of the actual (pyrometer)  temperature in the forehead, abdomen, and 

mouth body locations. They were also able to perform with an average standard deviation 

of  ~0.54°C compared to the infrared pyrometer which had an average standard deviation of 

~1.12°C.

In the outdoor environment, the pyrometer temperatures had a noticeable decline. 

Respectively, we were unable to obtain LCT measurements on the open body locations (as they 

were below the NexTemp®'s temperature range) yet were still able to obtain measurements in 

the enclosed locations.

From these results, we determined that forehead, abdomen, and mouth temperature 

readings delivered the most consistent results. However, we found the mouth to not be a suitable 

measurement location due to the difficulties involved with sterilizing a reusable product. 
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Table 1: Liquid Crystal Thermometer Initial Trials
 

 

We tested our final product by comparing our LCT with a digital oral thermometer. The test 

subjects were first measured with the digital oral thermometer and subsequently measured with 

the LCT. Because none of the subjects were actually found to have feverish or hypothermic 

temperatures both by the LCT and digital oral thermometer, we can conclude neither the LCT’s 

success nor failure. Even though these results are inconclusive, these results provide a starting 

point for more trials that can include hypothermic and hyperthermic patients. 
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Table 2: LCT vs. Digital Thermometer Results
 

Conclusions

The LCT worked very well, and suited the customer’s needs perfectly. It could determine 

with relative accuracy when a human had a fever, and when a human had hypothermia. The LCT 

is inexpensive, reusable, accurate, and can be easily mass-produced. Furthermore, liquid thermal 

thermometers do not require electricity to power and are self-sufficient. Therefore, we believe 

that it fulfills the functional constraints and the customers’ technical requirements very well.

The thermometer works as a whole - it tells mothers and caretakers whether or not their 

child is at a normal temperature or not. What doesn’t work is trying to determine absolute 

temperatures using this thermometer. Instead, it displays colors that correspond to certain 

temperature ranges such as “hypothermic” or “hyperthermic”. This simple design is one of its 

advantages, but can be a limitation in that it cannot be used when absolute temperatures are 

required.

Quality control an also be a problem. Within our own testing, we saw slight variations in 

the color that the LCT would take on when exposed to the same temperatures, and correction 

was needed in order to take into account the thermal conductivity differences between water and 
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human skin. We saw a significant difference between how well water transfers heat to the LCT 

and how well skin transfers heat to the LCT. This would pose a problem when a patient’s 

forehead is either sweater or extremely dry, and further testing should be done to try and make 

the LCT dependent on temperature only, rather than a combination of temperature and humidity.

A potential improvement would be to improve the liquid crystal thermometer’s efficacy 

in a wider range of environments. Currently, the LCT works best in an extremely warm 

environment and requires heating up because it can be used in colder temperatures. Furthermore, 

any type of insulator between the thermometer and the skin - such as tape - will further reduce 

the thermometer’s sensitivity to temperature changes. This can pose a problem because in many 

circumstances, caretakers to not have the time to create the perfect environment in which the 

thermometer works. Instead, it should work in all types of ambient temperatures.

Another improvement is to create a better system for attaching the thermometer to 

foreheads / abdomens. Currently, the double-sided tape is single-use and must be replaced each 

time or else it will become less and less sticky with each use. This is also unhygienic. If a new 

system for cleaning and attaching the thermometer can be developed, then our device will be 

completely self-sufficient and could be used throughout the world.
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