Rapid, Smartphone-Based Diagnosis of Skin Melanoma
through Differences in Tumor Cell Thermal Regulation
Combined with Diffuse Spectroscopic Analysis
PCR Thermocycler Simulated Thermal Profile Training

Thermal Metabolism and Diffuse
Spectra Differentiation Datasets
This research utilizes thermal and spectral differences to diagnose
malignant and benign lesions. Research by Herman et al. has shown
that there are measurable differences in the infrared emission
between healthy tissue and a malignant lesion during the thermal
recovery process after artificial cooling. This is due to the increase in
metabolic rate, angiogenesis, inflammation, and impaired response to
homeostatic signals. A separate study by Nachabé et al. proves that
diffuse optical spectroscopy from 500 to 1600 nm can be used to
diagnose breast cancer through isolation of Hb, HbO2, β-carotene,
lipids, and collagen. Redesigning these diagnosis procedures for
melanoma provided the basis for this research.
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Figure 1A. Experimentation reveals the
temperature difference between a cancerous
lesion and the surrounding healthy skin. (Data
courtesy of Hermann, et al.)

Figure 1B. Diffuse optical spectroscopy
isolates differences between malignant and
benign breast cancer tumors. (Data courtesy of
Nachabé, et al.)

A LabQuest 2 was used to track the temperature over time in order to
ensure that the thermocycler would be able to consistently mimic a
given linear increase in temperature. The thermocycler was
programmed to reflect a variety of thermal profiles previously
recorded in Herman et al., including both malignant lesions and
healthy tissue. This allowed for better training of the model as well
as increased reliability in possible future applications for a diverse
set of patients.

Figure 3. Thermal progression of benign tissue thermal profile (top) and malignant lesion thermal
profile (bottom) as simulated on the PCR Thermocycler and graphed.

greater than 0.9, the diagnosis is negative. Testing 100 images of skin
lesions twice yielded an accuracy of 85%.

t = 50 sec

t = 25 sec

The Thermal Analysis app also has the capability to perform a linear regression to analyze the recorded data points. The slope of the line of best fit
represents the thermal metabolism of the sample. This slope was compared to the standard internal data that differentiates between healthy and
malignant tumors or skin tissue. The current data from real skin cancer patients as compared to healthy patients lists malignant metabolic temperature
change at approximately 0.2006 degrees Celsius/second and healthy tissue metabolism at approximately 0.1172 degrees Celsius/seconds. In addition
to the healthy skin of the patient, the trial data was compared to set models of temperature ranges for what is considered healthy tissue and cancerous
melanomas. Looking at the average rate of change will provide, with strong confidence, a preliminary prediction regarding the nature of the
suspicious area. Testing 20 thermal profiles ten times each with slight variation yielded an accuracy rate of 97%.

Figure 5. Primary
diagnosis utilizes Thermal
Analysis app to record
temperature data from
FLIR over a span of 50
seconds, performs a linear
regression, and returns a
diagnosis and confidence
assessment after
comparison to internal
dataset. (Basic iPhone
drawing is courtesy of
clipartbest.com)
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The data from the FLIR One Pro LT was analyzed using a newly designed Thermal Analysis app. The app was coded in Java on Android Studio and
connects to the FLIR One Pro LT to access the thermal data and record the temperature in Celsius of a certain spot. The crosshairs show the spot
where the app is averaging the temperature of every pixel in the isolated area and will the derived from the FLIR One Pro LT’s metadata. The Lesion
Analysis saves this temperature value every 0.5 seconds for the next 50 seconds (in line with the previous data obtained from the PerkinElmer PCR
2400 thermocycler cooling plate).
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Figure 10. The RGB Analysis app’s function: the user analyzes the lesion’s color to yield a diagnosis.

Statistical Combination of TwoFold Diagnostic Accuracy
As the thermal profiles and the sample lesions were not linked, the
accuracy rates of the thermal diagnosis and RGB analysis (97% and
85%, respectively) were statistically combined into an overall
diagnostic accuracy rate in order to get a better sense of the
diagnosis’ viability.
Test 1 (T1): Thermal Analysis
Benign

Malignant

Negative

True Neg.
TN = 94

False Neg.
FN = 3

Positive

False Pos.
FP = 6

True Pos.
TP = 97

𝑇1 𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 =

𝑇𝑃
𝑇𝑃+𝐹𝑁

= 97%

𝑇1 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦 =

𝑇𝑁
𝑇𝑁+𝐹𝑃

= 94%

Test 2 (T2): RGB Analysis
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𝑇2 𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 =

𝑇𝑃
𝑇𝑃+𝐹𝑁

= 90%

𝑇2 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦 =

𝑇𝑁
𝑇𝑁+𝐹𝑃

= 80%

𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 = (𝑇1 𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦)(𝑇2 𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦) = 87%

RGB-Based Imaging of Suspicious Skin Lesions
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Figure 6. An Ocean Optics
Spectrometer was used to take
diffuse optical spectra of the
sample lesions.

𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦 = 1 − 1 − 𝑇1 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦 1 − 𝑇2 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦 = 98.8%

Given that, in the past, diffuse optic spectroscopy has been used as a method to diagnose cancer, this
research adapted that procedure to fit melanoma diagnosis and be viable for a convenient smartphone app.
Spectra were taken using an Ocean Optics Modular Spectrometer for a variety of skin lesion samples,
both malignant and benign, obtained from the Internet. Due to the difficulty of replicating a truly accurate
diffuse optic spectrum with only a smartphone camera, it was necessary to find a similar way to analyze
spectral differences. The main peaks of the spectra were located at 450 nm, 550 nm, and 650 nm, which
are the known wavelengths that represent blue, green, and red, respectively. Furthermore, the spectra of
benign and malignant lesions displayed vast differences at these three wavelengths. For benign lesions,
the relative heights of these peaks were relatively similar; creating a curve connecting these three points
yielded a flat curve. Meanwhile, for malignant lesions, this curve had an extremely steep slope. This
quantitative difference manifested itself even with little visual difference between the lesions.
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The current prevalence of melanoma is 0.4%. Combining the
statistics above yield an overall sensitivity of 97% and a overall
accuracy of 98.8%.
𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 = 𝑠𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 𝑝𝑟𝑒𝑣𝑎𝑙𝑒𝑛𝑐𝑒 + 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦 1 − 𝑝𝑟𝑒𝑣𝑎𝑙𝑒𝑛𝑐𝑒 = 𝟗𝟖. 𝟖%

Discussion
A low-cost, easy-to-use and effective diagnosis method that can
affordably be adopted across health services was engineered by
applying computing to increase diagnostic accuracy and interrogate
medical data sets. There are two parts to this novel lesion inspection:
an analysis of the metabolic activity of the tissue through surface
temperature change as well as an examination of RGB values of the
light reflected from the tissue. The primary diagnosis method has an
accuracy rate of 97% and the secondary method has an accuracy of
85%, but combining them yields a much higher rate of 98.8%. The
combined method of melanoma detection is portable, rapid, and
highly accurate.

Conclusion
MALIGNANT

Figure 2. The PCR 2400 Thermocycler was used to mimic the natural metabolisms of both
malignant and benign lesions. This was confirmed by recording the thermal data on a
LabQuest 2.
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Figure 4. Smartphone attached to
FLIR One Pro LT (Courtesy of FLIR Systems).

Programming of Thermal Profiles
on the PCR Thermocycler
To simulate the increased thermal
regulation of melanoma cells and the
typical thermal regulation of normal,
healthy cells, a PerkinElmer PCR 2400
thermocycler cooling plate was used.
Traditionally used for heating and cooling
samples, the thermal plate can be
programmed from near 0oC temperatures
to as warm as 100oC. The temperature
programming of the PCR was utilized
to create thermal profiles similar to those
reported in literature for melanomas
versus normal cells, simulating the
metabolism of lesions.

t = 25 sec

The RGB Analysis app allows the user to center their lesion on the
screen and save the color’s RGB value. Creating a proportional
mathematical value with the three values emphasizes the difference
in ratios and, thus, differentiates the RGB ratios of benign and
𝑏𝑙𝑢𝑒/𝑔𝑟𝑒𝑒𝑛
malignant lesions. 𝑅𝐺𝐵 𝑅𝑎𝑡𝑖𝑜 =
. If the RGB ratio is
𝑔𝑟𝑒𝑒𝑛/𝑟𝑒𝑑

Temperature
Difference

30

Figure 8. Progression of 3D printed light isolation tube to aid RGB analysis.
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A light isolation tube was newly designed and 3D-printed to increase
the accuracy of the secondary confirmation. As the amount of light
present in a room would change the RGB values received by the
smartphone, the 3D-printed accessory standardizes both the distance
between the camera and the sample as well as ensuring a controlled
light source by blocking out all ambient light and relying on the
smartphone’s flash as the only light source.

For the programmed, PE 2400 cooling/heating plate, the FLIR One Pro LT was focused onto an area of interest, and the thermal data was captured
over the programmed cooling routine. The first programmed temperature increase was representative of healthy tissue, starting at 15oC and
increasing to 21oC over 50 seconds. The same experiment was conducted for a malignant lesion, starting at 15oC and increasing to 25oC over 50
seconds. Though the temperature difference is not as stark within this smaller period of time (as compared to a 5-minute time span), it is significant
enough to consistently differentiate between benign lesions and melanomas.

Engineering Goal
A smartphone app will be created to combine data from skin lesion
metabolism as measured by change in skin surface temperature and
reflectance data from spectroscopy screening to optimize the early
diagnostic accuracy of skin cancer. The smartphone-attached FLIR
Pro One LT will be used to collect data for the thermal changes in
cell metabolism in order to detect melanoma cell growth. This
diagnosis will be reinforced with a second detection system, where a
traditional smartphone image (taken through a newly designed and
3D printed accessory) will be converted to red, green, and blue color
values to measure the visible reflectance that is typical of a
melanoma. The combined method of melanoma detection will be
portable, rapid, and highly reliable.

Secondary Color Diagnosis
Confirmation with RGB Values
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Although melanoma is treatable with early detection, it accounts for
nearly 80% of all skin cancer-related deaths, and current statistics
show that incidence rates continue to rise. Diagnosis is limited to
time-consuming and expensive biopsies, leading to late detection.
However, early diagnosis is the singular most important step to
improve prognosis. The five-year survival rate for people whose
melanoma is detected and treated before it spreads to the lymph
nodes is 99 percent, but the survival rate falls to 63 percent when the
disease reaches the lymph nodes and 20 percent when the disease
metastasizes to distant organs. In recent literature, researchers have
discovered that increased metabolic activity of skin cancer cells
causes more pronounced heating after external cooling, relative to
normal cells (15-25°C in 50sec for melanoma versus 15-21°C for
normal cells). Furthermore, slight color differences may be used to
distinguish between malignant and benign lesions in the form of
examination of diffuse spectra. These observations create the
background for a rapid, noninvasive technique based on skin surface
temperature and red, green, and blue reflectance color values to
characterize of skin lesions prior to biopsy, revolutionizing the
process of diagnosis.
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Matching the intensity at the spectra
peaks to the RGB values showed a
strong negative correlation between
percent absorbance and the RGB value.
Thus, the spectral differences from past
studies could be correlated to clear
differences in the ratios of the red,
green, and blue values of the lesion’s
color for rapid, color simple analysis.
Figure 7. Spectra of benign and malignant lesions were
taken along with the RGB values for every sample.
Plotting the two on a graph showed in a strong negative
correlation between intensity and the RGB value.

A dual diagnosis system was created that utilizes a series of cost
efficient and convenient processes, including a thermal detection
procedure and an RGB analysis that work together to provide a more
accurate diagnosis. Thermal detection requires only the new Thermal
Analysis app and a FLIR One Pro LT, both of which are easily
accessible and smart-phone based. Meanwhile, the RGB analysis in
this research utilizes a novel 3D-printed light isolation attachment to
standardize diagnosis results through the RGB Analysis app. As the
prevalence of melanoma continues to increase, early detection is key.
This smartphone-based diagnostic method holds the promise to
become a non-invasive, low-cost, quantitative tool for the quick,
reliable detection of melanoma.

Future Research
Future research would investigate a clinical trial using the new
smartphone-based diagnosis in order to be able to use both the
thermal and the RGB analyses on the same patient, as well as to
continue the collection of thermal and RGB data to further increase
the reliability of the internal datasets.
Unless otherwise noted, all images and graphs were taken or created by the student researcher.

