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ABSTRACT

After operation, urine collecting in patient is needed for mornitoring the function of
the kidney. It is difficult to ask the patient for time and quatity of urination.Therefore Urine
Monitor and Recorder is needed of this duty. The principle of the device is presented in this
report that was based on from weight of the urine in a standard collecting bag. The weight
scale transducer was developed and interfaced to a microcontroller board. In this semester
MATLAB has been used as programming languge for monitoring the urinating process.
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MATLAB LUummaauﬁmaifﬁ’ugﬁ (High-level Language) dmsunismuinimamaiied
Usgnoumemsiuaadeineey  nswinfidugeu warmsshasauuuitelruasgiunmmadlangiy
Fora1 MATLAB 8831910 matrix laboratory LAuTusunsy MATLAB ladsvuiuiitelalunisimnm
N matrix M38lUu matrix software

MATLAB lasiannunmesmsunlgwifiasnanany 9 luiuszeziiamaied  Soiln
lsunsu MATLAB fivkendume q Tmdenlunnune luuwivendelalilusunsy MATLAB 1y
wﬁ’nqmsﬁugwlumiﬁﬂmmqmumﬁmmam NTIU UALIMEIMEARSUYUIAN 9 Raaavuluniy
goamnssallalalusunsuy MATLAB Wuirdssfiedwiulalunisvianidde

MATLAB =

e bangnag v Technionl Com

7300448 (P20T0n
64-Bil (gixagdy
Febrary 5, 20610

« § The MathWorks =

3111‘42.6 LERINTN IUSHNTUYDS MATLAB

-laseas1evealusunsa MATLAB Ussnoudie 5 daulug fio
LawlUsUNsU MATLAB (The MATLAB language)
MATLAB Li‘JuIUmﬂmmm{?umﬁl*ﬁmmu flow statement fliridu Tassasrdoyadunn/ioniym
wazanwnzlusunsu Object-Oriented Programming mv'Lvmm'uauiﬂmﬂsulummnmamaunums
mauiﬂ'mnimwn'mauq WU C, Fortran, Basic tfusiu
2.a01Unenssulunsvineuues MATLAB (The MATLAB working environment)
MATLAB %uﬂamaam'ﬁaauamUuU5viafﬁumwwmiwmu‘ums’ﬂ‘ﬁﬂiumu nInlusunsues
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ﬂamaqmimmamm el ddmsuiann sans n39EaUANNEANAIAYDIlUSUATY (debugging)
AFTeutu



3. fandulunisiuamisadnmans (The MATLAB mathematical function library)
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anunsailudsegndlfifuieifuselavsduintuanlausdilifulaeiily wu Hefdulums
W eigenvalues uay eigenvectors MsUBAMUTENRUNGTEIUUTENaUTBILRSNTMETTAg 113
Aaneideya mamanuiesdy Lmvnﬁuﬁ’ﬁmmi”uwmamm'sﬁmLe’f’uﬁ‘lﬂuﬁuﬁmwmawﬁ‘m
aae Wusiu ylAlusunsy MATLAB fileidudmiuldnudeuitannuasaseurguluseazidon
yeIMIAUIMEIA1e Iinniu

4.Handle Graphics

'svwﬂﬁﬂﬂmaq MATLAB mﬂiunaumamawummw':tum'swaamﬂswﬂmauwumuaauu
LLU'JFITIZJ‘FWWI’J’MHS] aqwwmmasﬂmwmaﬂﬂil,l,ﬂiu MATLAB 21duing (Object) Ssfiandnwel
\@aWze Handle Graphics 1Jiuﬂa‘umamawum“lmmlﬂaaaﬂ‘lﬂumiam Graphic User Interface
Uuwumuﬂ'l'iﬂivﬂnm"l‘mmmamm ueNINIUsUNTY MATLAB Sstilarituiilddwmsunisuananin
aoalld nwanullA wasnisasawiadenln

5.The MATLAB Application Program Interface (API)

AP avlfirlﬁaﬁﬁuauum'iﬁm\'amﬂmauanIﬂEJ'HﬂU'iLLniuﬁLfJu mex IWdTudulwdgadulndige
Fulaeld mex flerduly MATLAB ma]vLSEJﬂlﬂuimumﬂiﬂmniumw C uaz Fortran Wsoe1ananale
7 APl Wulaus3deusnelusunsunim C un@ Fortran Afimadeudeiulusunsy MATLAB de
IdAdu mex Hafdudnie MATLAB APl Hafimnuanunsodmsunis@en routing 911 MATLAB
(dynamic linking) fil&
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u:uua]wammasﬂmwimamaﬂﬂmmauammmsaammuLmemﬂﬂﬁumsvwmammwmmu
Wigadntos WA Simulink mmmanw’ﬂwjmumﬁﬂn’lw %38 GUI (Graphic User Interface) Tunis
a%’wlmammimmLLwﬁwaaq wananiu Simulink EN'U‘S“‘ﬂ’eJ'UC'T]EJIﬁUS’T?Uﬁ@ﬂWUﬁ"IULLﬁu?JUﬁ&
Lawuawﬁ‘m W\ﬁuUUL‘NLﬁU(LIﬂear System ) sruuliliBaduNonlinear System) s¥uUUL@AN
serilos(Continuous-time) ‘S”U‘UWL’lﬁ’]LLUULL‘?ﬁJUQ(Sample time) szuulauda (Hybrid) Simulink
HUUHUUﬂTﬁLUaEJULLUﬁQﬂ’]W’ﬁ‘W:JLﬂE)ﬂﬂ“UEU"VILiﬁﬂ’]adLaﬂ‘uLLUUiuUUE}U m’lwmt,wunﬁl,ﬂaauuﬂm
fntulaviud devls fluy el Aunuusaeszuurens, gavine Simulink anansaidouse
Toyaiu Matlab élaunse vildausadensdefuseniduasuasensauadnmeouonls

Toedl Blocksets Faduasiiudnly Simulink Iﬂﬂ%“LUuiausﬂimaauaanmmumiﬂivaﬂm
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OVERVIEW

This section outlines Sensor Construction and Application.

FLEXIFORCE SENSORS

The FlexiForce sensor is an ultra-thin and flexible printed circuit, which can be easily integrated
into most applications. With its paper-thin construction, flexibility and force measurement ability,
the FlexiForce force sensor can measure force between almost any two surfaces and is durable
enough to stand up to most environments. FlexiForce has better force sensing properties,
linearity, hysteresis, drift, and temperature sensitivity than any other thin-film force sensors. The
"active sensing area" is a 0.375” diameter circle at the end of the sensor.

The sensors are constructed of two layers of substrate. This substrate is composed of polyester
film (or Polyimide in the case of the High-Temperature Sensors). On each layer, a conductive
material (silver) is applied, followed by a layer of pressure-sensitive ink. Adhesive is then used to
laminate the two layers of substrate together to form the sensor. The silver circle on top of the
pressure-sensitive ink defines the “active sensing area.” Silver extends from the sensing area to
the connectors at the other end of the sensor, forming the conductive leads.

FlexiForce sensors are terminated with a solderable male square pin



30

High-Temperature FlexiForce Sensors

The High-Temperature HT201 sensor is available in the following force ranges* (as tested with
the sample drive circuit).

» Sensor HT201-L Low: 0-301b (133N) force range

« Sensor HT201-H High: 0-1001b (445N) force range

* In order to measure forces outside specified ranges, use recommended circuit and adjust drive
voltage and/or reference resistance

APPLICATION

There are many ways to integrate the FlexiForce sensor into an application. One way is to
incorporate it into a force-to-voltage circuit. A means of calibration must then be established to
convert the output into the appropriate engineering units. Depending on the setup, an adjustment
could then be done to increase or decrease the sensitivity of the sensor.

An example circuit is shown below. In this case, it is driven by a -5 V DC excitation voltage. This
circuit uses an inverting operational amplifier arrangement to produce an analog output based on
the sensor resistance and a fixed reference resistance (RF). An analog-to-digital converter can be
used to change this voltage to a digital output. In this circuit, the sensitivity of the sensor could be
adjusted by changing the reference resistance (R¥) and/or drive voltage (VT); a lower reference
resistance and/or drive voltage will make the sensor less sensitive, and increase its active force
range.

Vo = V. # (RL/R,)

#  * Supply Voltages should be constant

¢ **Referénce Resistance R, is 13 to 10UKS
*  Sensor Resislance R, at no load [s »5MQ

+  Max recommended current is 2.5maA

In the circuit shown, the dynamic force range of the sensor can be adjusted by changing the
reference resistor (Rr) or by changing the Drive Voltage (Vo). Refer to the Saturation section for
additional information.
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SENSOR LOADING CONSIDERATIONS

The following general sensor loading guidelines can be applied to most applications, and will
help you achieve the most accurate results from your tests. It is important that you read the
Sensor Performance Characteristics section for further information on how to get the most
accurate results from your sensor readings.

SENSOR LOADING

The entire sensing area of the FlexiForce sensor is treated as a single contact point. For this
reason, the applied load should be distributed evenly across the sensing area to ensure accurate
and repeatable force readings. Readings may vary slightly if the load distribution changes over
the sensing area.

Note that the sensing area is the silver circle on the top of the sensor only.

It is also important that the sensor be loaded consistently, or in the same way each time.

If the footprint of the applied load is smaller than the sensing area, the load should not be placed
near the edges of the sensing area, to ensure an even load distribution.

It is also important to ensure that the sensing area is the entire load path, and that the load is not
supported by the area outside of the sensing area.

If the footprint of the applied load is larger than the sensing area, it may be necessary to use a
"puck.” A puck is a piece of rigid material (smaller than the sensing area) that is placed on the
sensing area to ensure that the entire load path goes through this area. The puck must not touch
any of the edges of the sensing area, or these edges may support some of the load and give an
erroneous reading.

The FlexiForce sensor reads forces that are perpendicular to the sensor plane. Applications that
impart "shear" forces could reduce the life of the sensor. If the application will place a "shear"
force on the sensor, it should be protected by covering it with a more resilient material.

If it is necessary to mount the sensor to a surface, it is recommended that you use tape, when
possible. Adhesives may also be used, but make sure that the adhesive will not degrade the
substrate (polyester) material of the sensor before using it in an application. Adhesives should not
be applied to the sensing area; however, if it is necessary, ensure that the adhesive is spread
evenly. Otherwise, any high spots may appear as load on the sensor.

SATURATION

The Saturation force is the point at which the device output no longer varies with applied force.
The saturation force of each sensor is based on the maximum recommended force specified by
Tekscan, which is printed on the system packaging or the actual senser, along with the
"Sensitivity."

The saturation value is based on using the circuit and the values shown in the example circuit
in the °

Application” section. In this example, the saturation force (maximum force) of each sensor is
related to the RF (reference resistance), and can be altered by changing the sensitivity. The
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sensitivity of the sensor would be adjusted by changing the reference resistance (RF); a lower
reference resistance will make the system less sensitive, and increase its active force range.
It is essential that the sensor(s) do not become saturated during testing.

CONDITIONING SENSORS

Exercising, or Conditioning a sensor before calibration and testing is essential in achieving
accurate results. It helps to lessen the effects of drift and /iysteresis. Conditioning is required
for new sensors, and for sensors that have not been used for a length of time.

To condition a sensor, place 110% of the test weight on the sensor, allow the sensor to
stabilize, and then remove the weight. Repeat this process four or five times. The interface
between the sensor and the test subject material should be the same during conditioning as
during calibration and actual testing.

IMPORTANT! Sensors must be properly conditioned prior to calibration and use.
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CALIBRATION GUIDELINES

The following guidelines should be considered when calibrating a sensor:

* Apply a calibration load that approximates the load to be applied during system use, using dead
weights or a testing device (such as an MTS or Instron). If you intend to use a "puck" during
testing, also use it when calibrating the sensor. See Sensor Loading Considerations for more
information on using a puck.

* Avoid loading the sensor to near saturation when calibrating. If the sensor saturates at a lower
load than desired, adjust the "Sensitivity."

» Distribute the applied load evenly across the sensing area to ensure accurate force readings.
Readings may vary slightly if the load distribution changes over the sensing area.

- Sensors should be calibrated at the same temperature for which testing will occur. This is
especially important for High-Temp Sensors, as these sensors have a wide operating temperature
range. If multiple temperatures are used during testing, calibrate the sensors at those same
multiple temperatures.

Note: Read the Sensor Performance Characteristics section before performing a Calibration
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SENSOR PERFORMANCE CHARACTERISTICS

There are a number of characteristics of sensors, which can affect your results. This section
contains a description of each of these conditions, and recommendations on how to lessen their
effects.

REPEATABILITY

Repeatability is the ability of the sensor to respond in the same way to a repeatedly applied
force. As with most measurement devices, it is customary to exercise, or "condition" a sensor
before calibrating it or using it for measurement. This is done to reduce the amount of change in
the sensor response due to repeated loading and unloading. A sensor is conditioned by loading it
to 110% of the test weight four or five times. Follow the full procedure in the Conditioning
Sensors section.

LINEARITY

Linearity refers to the sensor’s response (digital output) to the applied load, over the range of the
sensor. This response should ideally be linear; and any non-linearity of the sensor is the amount
that its output deviates from this line. A calibration is performed to "linearize" this output as
much as possible. FlexiForce standard sensors are linear within +/- 3%. FlexiForce High-
Temperature sensors have a linearity that is 1.2% of full scale.

HYSTERESIS

Hysteresis is the difference in the sensor output response during loading and unloading, at the
same force. For static forces, and applications in which force is only increased, and not decreased,
the effects of hysteresis are minimal. If an application includes load decreases, as well as
increases, there may be error introduced by hysteresis that is not accounted for by calibration.

DRIFT

Drift is the change in sensor output when a constant force is applied over a period of time. If the
sensor is kept under a constant load, the resistance of the sensor will continually decrease, and the
output will gradually increase. It is important to take drift into account when calibrating the
sensor, so that its effects can be minimized. The simplest way to accomplish this is to perform the
sensor calibration in a time frame similar to that which will be used in the application.

TEMPERATURE SENSITIVITY
In general, your results will vary if you combine high loads on the sensor with high temperatures.
To ensure accuracy, calibrate the sensor at the temperature at which it will be used in the

application. If the sensor is being used at different temperatures, perform a calibration at each of
these temperatures, save the calibration files, then load the appropriate calibration file when using
the sensor at that temperature.
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SENSOR LIFE / DURABILITY

Sensor life depends on the application in which it is used. Sensors are reusable, unless used in
applications in which they are subjected to severe conditions, such as against sharp edges, or
shear forces. FlexiForce sensors have been successfully tested at over one million load cycles
using a 50 Ib. force.

Rough handling of a sensor will also shorten its useful life. For example, a sensor that is
repeatedly installed in a flanged joint will have a shorter life than a sensor installed in the same
joint once and used to monitor loads over a prolonged period. After each installation, visually
inspect your sensors for physical damage.

It is also important to keep the sensing area of the sensor clean. Any deposits on this area will

create uneven loading, and will cause saturation to occur at lower applied forces.



SENSOR PROPERTIES
STANDARD FLEXIFORCE SENSOR (MODEL A201)

Thickness £.008 {0.208 mm)
87 (203 mim)
B° (152 mim)
Lengih 4 sz mm)
{51 mm}
Wikdth 0.55" {14 mm)
Sensing Area 0.375° (9.53 mm} diameter
Connaclor 3-pin male sguara pin {center pin is inactive)

Force Ranges

0-1 b (4.4 0
0-25 ths {110 N}
0-100 lbs (440 N}

Operafing Temperature
Rangs

15°F to 140°F {-3°C to 60°C)

Linearity (Error) +-3%

Repeatability +- 2.5% of full scale (conditioned sensor, 0% foree applisd)
Hysteresis «4.5% of full scale (conditionad sensor, 80% fores applied)

Brift =5% per logarithmic §me scale {constant load of 0% sensor rating)

Response Time

=5 microsecands

Cutput Change/Degree F

Up {0 0.2% {~5.36% ! °C).

Loads <10 Ibs, operating iemperature can be increased ta 185°F {74°C).

HIGH-TEMPERATURE FLEXIFORCE SENSOR (MODEL HT201)

Thickness 0.008" {0.203 mm) =
Length F.F57 (197 mm)

6" {152 mm)

47 {102 mym)

2" {81 mm)
Width 0.55" (14 mm)
Sensing Area 8.375" {9.53 mm) diamster
Connector 3-pin Male Square Pin {centar pin is inactival
Subsirate Polyimide {ex: Kapion)

Foree Ranges

0-30 ibs {133N)
0-100 ibg (445M)

Cperating Temperature Range

15°F o 400°F {-9°C fo 204°C)

Repeatability +- 3.5% of full scale
Linearity +- 1.2% of full scale
Hysteresis 3.6% of full scale
Dirift 3.3% per log tims

Qutput Changs/Degrse F

0.16%
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CHARACTER LCD SETUP
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Meduls: CLCD (Satup)
Cnlrl: E¥/ES/ES
Dats: E1TZE1NEIHENS
Ts {sech 6.01

Hame: LD Sutfer
Type: sting

Name: str_date
Type: sking

Hame: ste_menth
Type: shing

Hame: sir year
Type: stting

Velstile Data Storages

Velatila Data Starages

Velatile Dats Storage2

WVelatile Dats Sicraged

Hurne: str_blank?
Type: shring

Nams: st_hour
Typse: sting

Name: str_minuta
Type: stting

Name: sir_second

Type: string

amg CLCD Swtup

Volstife Data Storages

Volstile Data Storage? Velatite Datas Storaget Vaolstils Dais Storagss

Hame: Line2
Type: sbing

Valatile Data Sicreged

LCD DISPLAY

Vatte 1o LCD Line $2

Iodule; CLOGY (Vsite)
Tsfsecy 0.0

i
;

b, 4
E

Buffsr: Line2 Difsbing)

amg CLCD Wiilet

Volatile Data. Storsge Read




MATLAB FUNCTION

Function y = fcn (u)

if (u=<0.1721);
y = 0;
elseif (u>0.1721)7

y = (u - 0.1721)/0.0033;

end
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DISPLAY DATE AND TIME
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