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Have fun, Laugh and learn.

[ŜǘΩǎ ƘŀǾŜ C¦bΥ  /ƻƳŜŘȅΦ   

A dry sense of humor is a dead sense of humor.   

Ask any questions.

Comedy, fun, learning.



THE RIGHT SENSOR.

Choosing the right sensor for use in your medical 
device is key to optimizing your design for:

ÅProduct function and success.

ÅManufacturing.

ÅAssembly.

ÅPackaging.

ÅSterilization.

ÅTesting.



Lets test your best   Sensor - eyes.

EYES  ~ YOUR BEST SENSOR - TEST



1. DEFINITION OF SENSORS.

2. HISTORY OF SENSORS.

3. WHY USE SENSORS.

4. TYPES OF SENSORS.

5. SENSOR PRODUCT TYPES. TERMINOLOGIES:

× ULTRASOUND, TEMPERATURE, CHEMISTY PH, GAS, 
CAPASIDANCE,  OPTICAL, DISTANCE, TIME, etc.

× MEDICAL SENSOR TEMINOLOGIES:  PRESSURE, LOAD, 
FORCE, BUBBLE, LIQUID LEVEL, FLOAT SWITCH, FLOW 
METER, SCALES, REDUNDENT SENSOR, DISPOSABLE, 
CUSTOM, COMBINATION SENSORS, ETC.

üCOMBINATION CUSTOM SENSORS.
× OPTIMIZE YOUR SENSOR DESIGN TO INCLUDE 2 OR 

3 PERAMITORS.   FLOW AND PRESSURE, ETC.

6. INTEGRATE YOUR SENSOR INTO THE DESIGN.

7. WORK WITH THE EXPERTS TO OPTIMIZE SENSOR FUNTIONALITY 
IN YOUR SENSOR DESIGN.

INDEX



Tell me who you are.

ÅRaise your hand if you are:
ÅENGINEER

ÅSALES

ÅQUALTIY

ÅBUYER

ÅSENSOR KNOWLEDGE:  LOW   MEDIUM   
HIGH



SIGN IN

Sign the sheet with your correct 

Email address to receive your free copy 

of this entire presentation with all the 

charts, sensor, applications, examples, etc.



Definition of SENSOR:
Merriam-Webster

A device that responds to a physical stimulus (as heat, light, sound, pressure, 

magnetism, or a particular motion) and transmits a resulting impulse (as for 

measurement or operating a control) in electronic form.

Medical Sensor

Sensors are used in electronics-based medical equipment to convert various forms 

of stimuli into electrical signals for analysis. Sensors can increase the intelligence 

of medical equipment, such as life-supporting implants, and can enable bedside 

and remote monitoring of vital signs and other health factors.

Medical Device

Is any device intended to be used for medical purposes, therefore the ñintended 

useò helps to differentiate all medical devices, such as diagnosis, prevention, 

monitoring, treatment or alleviation of disease or injury and the  investigation, 

replacement or modification of the anatomy or of a physiological process.



Medical Device Classifications (FDA):

I. Class I:  not intended to help support or sustain life (least 

regulated).  Ex: bandages, disposable gloves, etc

II. Class II:  subject to special labeling requirements and 

performance standards.  Ex: infusion pumps, air purifiers, 

powered wheelchairs, pregnancy tests, etc.  (Represents 

43% of all Medical Devices).

III.Class III:  support or sustain human life, substantially 

important in preventing impairment of human health.  

Highest level of regulation.  Ex:  heart valves, pacemakers, 

HIV diagnostic tests, automated external defibrillators, and 

endosseous (internal bone) implants.



Definition of SENSOR:
Medical Device Types:

ÅDiagnostic equipment Ex: medical imaging machines, ultraosound and MRI 

machines, PET and CT scanners, and X-ray machines.

ÅTreatment equipment Ex: infusion pumps, medical lasers and LASIK 

surgical machines.

ÅLife support equipment is used to maintain a patient's bodily function. Ex: 

dialysis machines, medical ventilators, incubators, anesthetic machines, 

ECMO, and heart-lung machines. 

ÅMedical Monitors allow medical staff to measure a patient's medical state. 

Monitors may measure patient vital signs and other parameters including 

ECG, EEG, and blood pressure.

ÅMedical laboratory equipment automates or helps analyze blood, urine, and 

genes. 

ÅTherapeutic physical therapy machines like continuous passive range of 

motion CPM machines.



History of Sensors.

ÅWho knows what this is:



History of Sensorôs.
Å1883:  

ÅHistory of Sensors

ÅSensors have been around for quite some time in 
various forms. The first Float Sensor came to 
market in 1883, and many consider this the first 
modern, manmade sensor.

http://what-is-a-sensor.com/history-of-sensors/


Fluid Management & Force Sensors used in Medical Devices

Sensors in Medical Devices 
ÅInfusion Pumps
ÅEnteral Feeding Pumps
ÅPower Injectors for Contrast 
Media
ÅCooling Pumps for RF Ablation
ÅSurgical Force Sensors
ÅFluid Warmers
ÅImmunoassay Systems
ÅDialysis
ÅBlood Management
ÅDrug and Nutrient Compounding
ÅRobotic Surgery Tools
ÅDental Novocain Pumps

Sensor types
ÅNon-invasive (no direct contact with 
process media)
ÅInvasive: Sensor that touches the fluid
ÅDisposable (Single-Use)
ÅAutoclavable
ÅCombined (multiple sensors in one 
package)
ÅMeasuring or Detecting:

LIQUID FLOW
AIR/GAS BUBBLES 
OCCLUSIONS (BLOCKAGES)
LIQUID LEVEL
WEIGHT (SCALES ςCUSTOM LOAD 
CELLS) 



There is an extensive range of load cells, liquid level, pressure, ultrasonic 
and flow measuring sensors for a variety of applications.

Load Cells, Pressure, 
Signal Conditioners, 
& Scales

Occlusion 
Sensors

Bubble 
Sensors

Liquid Level 
Sensors

Flow 
Sensors

Types of Medical Sensors



Sound

Flow

Transmitter/
Received

Ultrasonic Beam ςAgainst StreamTrtansmitter/ Receiver

Ultrasonic Flow Sensor: Basics

Sound

Ultrasonic Beam ςWith Stream

Á Advanced DSP circuit & algorithm -- reliable flow rate 
measurement,  1-2% accuracy
Á Pico-second level time resolution -- resolve low flow 
rates down to 0.1mL/min
Á More process diagnostic data ςvolume, signal strength, 
sound speed, temperature, air bubble detection
Á Calibration using customer tubing @ temperature -
tolerance range of OD/ID and temperature effects



IN-LINE FLOW    &

DISPOSABLE IN-LINE 
FLOW SENSOR

CLAMP ON FLOW FLOWDAQ

Ultrasonic Flow Sensor Options



FLOWDAQ

FlowDAQ Display and Control Module



Flow Sensor Base Unit:
This is re-usable and 
holds the electronics

Disposable Flow Module                 
(no electronics ςmolded low cost 
gamma stable material)

FlowDAQDisplay and Control  Module          

STRAIN MEASUREMENT
DEVICES

Ultrasonic Flow Sensor: Next Gen



Re-usable Pressure 
Sensor

Silicone 
Diaphragm

Disposable Pressure 
Isolator (Snap-on)  

Gamma Stable Materials

Pinch to 
Snap-on

Female/Male LuerConnections

Non-Invasive Pressure Sensors

Slide-on Version
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Non-Invasive Pressure Sensor Test Data 
( 0 to 20 psi using Controlled Nitrogen Gas Pressure Supply)

SMD7550

Calibration at 0, 10, 20 psi

Pressure, psi Sensor Output Ideal Output Error, counts Error, %FSError, psi

0 3243 3276.7 -33.70 -0.13 -0.03

1 4414 4587.4 -173.40 -0.67 -0.13

2 5610 5898.1 -288.10 -1.11 -0.22

3 6854 7208.8 -354.80 -1.36 -0.27

4 8199 8519.5 -320.50 -1.23 -0.24

5 9411 9830.2 -419.20 -1.61 -0.32

10 16356 16383.7 -27.70 -0.11 -0.02

15 23332 22937.2 394.80 1.52 0.30

20 29282 29490.7 -208.70 -0.80 -0.16

Non-Invasive Pressure Sensors

I2C Output Data



Disposable Pressure Sensors



A tube is coupled non-invasively between a pair of ultrasonic transducers

The sensor sends ultrasonic energy into the tube. 

ÅLiquid in tube: Most of the ultrasound travels through the tube and 
gets detected by a receiver on the opposite side

ÅAir in the tube: Most of the ultrasound is reflected at the tube-air 
interface and dissipates. Very little signal is detected by the receiver

ÅDetection:  5V = Liquid, 0V = Bubble: Receiver circuitry interprets 
the results and sends an alarm if the amount of energy received is 
below set threshold.

ÅFlow Rate vs Small bubbles:  4000 readings/sec

ÅIn-House Bubble Generator:  1 microliter bubble

ÅReject Small Nuisance Bubbles:  Filter out smaller bubble sizes 

Åмκмсέ h5 ǘƻ ѹέ h5 ǘǳōŜ ǎƛȊŜǎ:  Silicone, Tygon, PFA, etc

Å>>  No $ charge test of customer tubing prior to order.

Plastic or 
Rubber Tube

Transmitter

Ultrasonic Beam

Receiver

Housing

Typical Bubble Sensor
Cross Section

Ultrasonic Bubble Sensors



Pinched Tube 
Ґ άhŎŎƭǳǎƛƻƴέ

Pump Flow

Occlusion/Blockage causes 
Pressure to  Increase, Tube 
expands & pushes down 
on load cell

Occlusion Sensors

Occlusion Sensors are used in many medical devices for detecting an occluded (blocked) tube.  A tube is clamped against the 
sensor and a load cell measures the force exerted by the tube

Downstream occlusion sensors: If the tubing downstream of a peristaltic pump is occluded then the pressure in the tube will 
increase, causing an increase in force on the load cell

Upstream occlusion sensors: If the tubing upstream of the pump is occluded this will create a vacuum in the tube, causing an 
decrease in the preload on the load cell

Our sensor interface board uses standard I2C protocol at a maximum clock frequency of 400KHz. Measured force is reported between
л ŀƴŘ онтст ϦŎƻǳƴǘǎάΦ  ¢ƘŜ ŘŀǘŀǎƘŜŜǘ ǎǳǇǇƭƛŜŘ ǿƛǘƘ ǘƘŜ ǎŜƴǎƻǊ Ƙŀǎ Ŏƻǳƴǘ ǾŀƭǳŜǎ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ȊŜǊƻ ŀǇǇƭƛŜŘ ǇǊŜǎǎǳǊŜ ŀƴŘ ǎǇŀn. 
Those values can be used to scale counts to desired engineering units. 



SMD manufactures load cells that can be integrated into 
customer-designed occlusion sensors in addition to  full-
featured calibrated assemblies that include load cell, housing, 
lid, sealing and mounting features, and electronics.

Occlusion Sensors: Basics

COMBINEDBubble 
& Occlusion Sensor



Liquid Level Sensors

.

Stainless Steel Reed 
Switch Floats

Plastic Reed Switch 
Floats

Ultrasonic Switch

Optical 
Switch

Non-Invasive Point 
Capacitance Switch

Non-Invasive Continuous 
Capacitance Switch


