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e Facilitate oncologist researches iq quantifying thermal isulation of samples of rodent skin . . ' Heat Element Final Design Features: Design Achievements
e Currently, there two methods available to researchers that are not accurate and/or costly: Arduino Microcontroller |.. D d heatine el » . o ,
o Infrared thermometer of thermal imaging camera (Figure 1) ® Powcred heating clement provides e The final device 1s sufficient in measuring the temperature on the dorsal surface
o Thermtest MP-1 device (Figure 2) 34°C temperature to skin sample of skin without accounting for evaporative cooling.
_ | e Two thermistors collect temperature e Heating element verification testing showed that the skin sample is supplied with
data on either side of the sample approximately 34°C consistently on the ventral surface.
i e Arduino and thermistor circuits e Device 1s adequately sensitive 1n measuring the temperature through variable
calculate temperature layers of Tegaderm® with recognizable difference, as shown 1n Figure 9.
°

On/off button : o Heating element modulation Design Drawbacks
n o Data collection e Tape is required to ensure thermistor contact with skin sample.
Relay ® Arduino controls relay, allowing e The heating element heats exceedingly fast, reaching temperatures of 70°C before
Figure 1: Commercially available Figure 2: Thermtest MP-1 device Figure 5: Custom Fritzing diagram of the circuit, showing an illustration of the voltage to power heating element the sampling frequency of the Arduino allows a response.
Omega infrared thermometer [1]. measurement platform [2]. schematic, connections, and components (thermistors on breadboard) e On/off button for device control e Breadboard connections and inexpensive components possess inaccuracies.

Problem Statement

e There 1s not a cost effective, accurate device to measure the thermal conductance /D 9 ? ? ? ? Heat Released by the Skin
Dorsal

e [.imited resolution of the Arduino and noise contribute to inconsistencies in

temperature measurements, as shown in Figure 8.

of rodent skin samples as required for oncology research. Skin Sample

e Skin 1s a complex system in its anatomy and - N - SN PR B o e ] e C(reate a PCB (printed circuit board) of the
physiological function, including heat Siratum comeumn — g e | Epidermis | - A J E ) = S == device’s circuit, as shown in Figure 10
regulation through dissipation. Giranular oy — e B ' ‘ o 1 f ti d
. . Spinous ayer — BSEUNRSITSEC CL Rl Figure 7: SOLIDWORKS drawing of the exterior nerease accuracy ot CONNections dn
o Adipose tissue stores thermal energy — Basal layer— LESL R ol A Figure 6: Overall design summary box containing the circuit decrease footprint
close to the skin surface [3]. . . i | Dermis e Incorporate a higher quality heating
o Lamellar bodies carry cargo ST TSRO TN TESTING & RESULTS element : o
necessary for maintaining i Do T i Figure 10: Visualization of an
- . ® |)esign a mechanism for applying the assembled PCB [7
homeostatic temperature [4]. Figure 3: Side cut microscopy of the Heating Element Tegaderm® Layer Test 7]

thermistors to skin sample and heating

B CDE

la erln ln Skln 4 . eatin ement Thermistor Temperature Measurement: Verification orsal Temperature for Differing Layers of Tegaderm . .
. . ’ g. 4] , 70 ——oanng Sement Thermistor Teme, Meas : Verif i porsal Tempersiute for Biering tavers et Tease e e element instead of tape (Figure 11)
e Heat transfer 1s closely related to metabolism, the net sum of reactions that provide the — —ih ,
bodv with q ” = Heating ‘ —a Testing future work:
O Wl ener an Consume 1 . . B8 Tegaderm Layers . . . .
Y gY o . . . . . sl element Heating ] L Stendard Deviaton e Repeat heating element verification with X
e Increased heat dissipation through less insulative skin can increase metabolic rate [3]. | on element | _ T T . . . 4
| = off = I i adjusted resolution and heating element
. . . . Water in e : 9‘_), 50 [ - - 8 . . g
e [Evaporative cooling causes inaccuracies =B (((( = E 0. e Test against Thermtest MP-1 device —i
in non-contact temperature SR A AL 27| : _ 3 e Perform ergonomics testing with the final : SU——
P - oy ' - _3‘?(‘ - | l - el , 5 5 . Figure 11: Thermistors taped to
measurement. 3 rgizi?flied . \ ‘ (L }u{‘ E ol o N l ‘ | ‘ . .' T ' ‘ | | i dGSlgIl fOI‘ I'CSGaI’Chel‘ eValuatIOIl T e g a d er m® an d h e at 1 n g 61 eme Ilt
o Water 1n skin 1s heated and b NS AL ».>  | . .w\,)r \Nﬂ"‘. ) ’qﬁ‘f‘MUW'L’,""WW"'\‘“*‘,Mfﬂ"’“ L,v“,/)fh,‘\- ",',\M,{ il '»,r,‘,.’g‘w W\“ w,ﬂ__‘,‘,"g*w r~ A- jvu,..'_v«f\"-m J‘;\'.~\W{\\l\"~ wum i _ o Quantifv ease of use. other PDS criteria
evaporates,releasing thermal enery. T = ) S B i ACKNOWLEDGMENTS
o Direct contact with skin prevents this I == i " " Time(esconds) " - ) ‘ Tegaderm Layer Tests .
. . . . . . . . ] 1 ® - |
evaporation from occurring. Figure 4: Illustration of evaporative cooling [6] Figure 8: Graph showing the thermistor temperature Figure 9: Graph comparing the thermistor temperature ® Dr. Caroline Alexander Uw Ma§ %son MakerSpace
reading of the heating element over time while running readings across 0, 1, 2, 4, and 8 layers of Tegaderm® ® Dr. Justin Williams e UW-Madison TEAMLab

DESIGN CRITERIA Skin Temperature Test e To determine the sensitivity of the thermistor circuit, ® Dr. John Puccinelli * UW-Madison BME Department
o The device must: o $kin temperature was measured using the thermistor and {Z}I?eli:rature measured across variable Tegaderm® REFERENCES
infrared thermometer, and a student t-test was conducted
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in dorsal temperature between layers are both rejected.
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