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Design and Implementation of a new Instrumentation and Interface 
Undergraduate course using LabVIEWTM myDAQ 

 
 
Abstract 

An educational practice for many two-year and four-year engineering technology programs is the 
use of instrumentation and interfacing which employs real-time analog/digital signals from 
industrial environments supported by graphical-based data acquisition and control hardware and 
software tool such as LabVIEWTM from National Instruments.  

The Department of Engineering Technology (ETEC) at Sam Houston State University is a new 
department which recently become an independent department separating from a well-
established Department of Agriculture Science.  The faculty are in the process of preparing 
necessary curriculum updates to apply for ABET-ETAC accreditation for the current B.S. in 
Electronics and Computer Engineering Technology (ECET) and B.S. in Construction 
Management programs. One missing significant curriculum component of the ECET program is 
an instrumentation and data acquisition class that includes work within a hands-on laboratory 
and a requirement for rigorous design project activities. This new course serves as a core class 
for multiple degree programs in the department and it is one of the essential components for the 
employability of students, especially in electronics and computer engineering technology fields. 
The course is also an essential part of the electrical engineering technology program curricula. 
Within this course, students are expected to gain knowledge and hands-on skills on graphic-
based programming, data acquisition, instrumentation, interface, signal conditioning, 
troubleshooting, control in industrial operations, and dealing with a variety of instrumentation 
applications the students will be required to apply as part of their main job duties.  

This paper describes course objectives, learning outcomes which are aligned with the ABET-
ETAC criterion 3, and sample curriculum material which covers lecture, laboratory, and project 
activities.  Student assessment and course improvements are also discussed.  There are several 
expected outcomes from this curriculum enhancement:  

(a)  A well-established instrumentation and interface course is now part of the ETEC curriculum.   

(b)  The class will help meet the criteria 3 of the ABET-ETAC requirements.  

(c)  Students will be exposed to real-time data acquisition and instrumentation applications in 
industrial environments using a LabVIEWTM based myDAQ board and a number of sensors 
such as motion, pressure, electromagnetic interference (EMI), thermocouples, EKG, and 
anemometer for both industrial, medical, solar, and wind energy systems.  

The corresponding LabVIEWTM Virtual Instruments (VIs) are discussed. This paper describes a 
new course in the department of ETEC in which the students are assessed regarding the course 
objectives and associated outcomes using various direct and indirect assessment tools. 
Additionally, course-embedded direct assessment of objectives and university-level end-of-
semester faculty and course assessment will provide valuable input to the course assessment and 
continuous improvement process. The results from various direct and indirect assessment 
instruments will be archived and revised annually to generate action items used as input for the 
course’s continuous improvement process. 



 
Introduction 
 
The course, ETEE 4352 Instrumentation and Interfacing, is a 3-credit, 4-contact hour core class 
for Electronics and Computer Engineering Technology (ECET) students, and the class is 
strongly recommended for other Department of Engineering Technology (ETEC) students. 
Students in this course learn about computer-aided instrumentation and interfacing, real-time 
industrial data acquisition hardware and software, sensors, signal conditioning, and design and 
debugging of data acquisition using a well-known software tool, LabVIEWTM. The class includes 
an introduction to the LabVIEWTM 2012 version for the first 4–5 weeks of the semester, along 
with instrumentation and data acquisition theory. Software challenges had to be addressed due to 
complications from the previous LabVIEWTM version and the new data acquisition devices. The 
ETEC department recently provided funding to purchase 30 licenses of the LabVIEWTM 2017 
version. The new course session will be offered in Fall 2018 using the LabVIEWTM 2017 
version.  
 

The knowledge and skills acquired with regard to instrumentation and interfacing in the ECET 
areas have become significant in terms of involvement in the applications of sensors and 
transducers and the design of associated interface circuits; laboratory experiences which 
integrate sensors, data acquisition hardware, and software; experimental-design project 
implementation; and the reporting of the experience which included both actual lab equipment 
and virtual instruments [1-3].   National Instrument (NI)’s LabVIEWTM is used to create virtual 
instruments and to facilitate data acquisition [4]. This course serves as a core class for both 
ECET and ETEC degree programs, and is essential for the employability of students, especially 
in electronics and computer engineering technology fields. Thus, it is an important part of the 
electronics, computer engineering technology, and electrical engineering technology program 
curricula. Students graduating from these programs will be involved in programming, 
troubleshooting, control, interfacing, instrumentation in industrial operations, and dealing with 
various applications. Upon completion of this course, students should have achieved the 
following competencies:  

 
1. Discuss concepts and elements of a measurement and instrumentation system; 
2. Examine sensors, analog and digital signal conditioning methods used in 

instrumentation systems; 
3. Explain the applications of sensors, analog and digital signal conditioning 

methods used in instrumentation systems; 
4. Apply computer based controls and virtual instrumentation software using 

LabVIEWTM and other programs; 
5. Use data acquisition hardware and software to design systems which read and 

write digital and analog information; 
6. Understand the principles of data acquisition and sampling; 
7. Be able to design with and analyze circuitry for common sensors and/or actuators; 
8. Write virtual instruments in LabVIEWTM for measurement and control; 
9. Identify the common elements of PC-based control and measurement systems 

 



The major components of the course’s hands-on laboratories and projects are NI myDAQ 
module and the Vernier Sensor Adaptor as seen in Figure 1 [5]. NI’s myDAQ is a low-cost data 
acquisition (DAQ) device that gives students the ability to measure and analyze real-time signals 
in many sensor applications.  The adapter includes two connectors for Vernier analog sensors 
and one connector for Vernier digital sensors. A screw terminal and header pins provide access 
to myDAQ lines not used by the connectors. This includes the two analog output lines, three 
digital lines (including the digital lines with the frequency and pulse width modulation outputs), 
and a +5-volt power terminal. The combination of the NI myDAQ and Vernier adaptor provides 
for an excellent hands-on laboratory and a good source of projects. The laboratory has 24 
stations to accommodate 24 students. Each station is equipped with a PC with NI software, 
DMM, power supply, function generator, two-channel digital oscilloscope, variac, hand-held 
DMMs, and a breadboard.  The first semester class included 12 myDAQ units shared by two 
students per unit. Students checked out the units from the lab and returned them at the end of the 
semester.    
 

Figure 1. The Vernier myDAQ Adapter interfaced to NI’s myDAQ Module provides easy sensor and data 
monitoring applications for ETEC students [5]  

 
Software Introduction and Sample Laboratory Projects  
 
The first four to five weeks of the classes were dedicated to gaining knowledge and skills using the 
LabVIEWTM including familiarization with the front panel (FP) and block diagram (BD) VIs and many of 
the other functions of LabVIEWTM. There was also a review of a selected example of VIs. When students 
were first time exposed to the LabVIEWTM environment, they were urged to review the NI myDAQ 
tutorials available on the NI web site as well as on the YouTube channel. The review of video clips can 
dramatically help students. An introduction to the process control fundamentals, open-loop and closed-
loop control, feedforward control, signal measurement systems, instrument control, and related 
interfacing with LabVIEWTM were also covered during this first four weeks of the classes. Student 
interest in the various example project VIs, specifically to the “control mixer process VI” was very high 
because it was covered in detail. Once the students were ready to write their own project Vis, the 
following in-class projects were introduced and students were asked to complete the VIs (both FP and 
BD) in designated time frames with emphasis on knowledge of the following: 

1. Certain well-known mathematical equations with multiple variables and coefficients; 
2. 8 LED indicators and a vertical slider control VI for data monitoring; 
3. A VI that acquires data continuously from myDAQ module using filter express, DAQ assistant, 

and chart/graph indicators;   
4. A VI produces a sine wave with a specified frequency and displays the data on a waveform chart 

until stopped by the user with and without DAQ assistant;  



5. Creation of a VI that uses the MathScript Node to alter a simulated signal and graph it (students 
should use the Interactive MathScript Window to view and alter the data and then load the script 
that they created back into the MathScript Node); 

6. Custom icon design examples; and  
7. myDAQ audio equalizer with noise test design. 

Students were allowed to work together, and they mostly completed the LabVIEWTM VIs on time. 
Working together gave them the opportunity to work cooperatively and to practice teamwork.   
 

Selected Laboratory Projects 

Lab #1 Thermocouple Temperature Monitoring:  

The purpose of this lab is to use a simple sensor designed using by type-K thermocouple wire to 
measure a wide range of temperatures, creating a LabVIEWTM VI program that reads the analog 
signals generated by the thermocouple, and convert the raw voltage reading into units of Celsius 
and Fahrenheit degrees. 

This sensor uses type-K thermocouple wire to measure temperatures in the range of -200 to 
1400˚C. Students can simply use one measuring lead to take temperature readings as seen in 
Figure 2. Each thermocouple is individually calibrated. 

 

 
 

Figure 2. Thermocouple and the Temperature cycles of an oven [6]  

For this lab, students use the thermocouple to measure various temperatures of a soldering iron.  
Starting from room temperature, students first measure and graph the temperature rates at which 
the soldering iron heats up as taken at the soldering tip. For a better methodology, students 
measure and record the soldering iron’s maximum temperature from three or more different 
locations—the soldering tip, side of the soldering tip, and the barrel. Figure 3 illustrates the block 
diagram and the front panel of the Thermocouple Lab.  

 



 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
Figure 3.  (a) The block diagram and (b) the front panel of the Thermocouple Lab. 
 
Lab#2 Monitoring and Analyzing Heart Functions with EKG Signals: 

The electrocardiogram (EKG) sensor measures cardiac electrical potential waveforms (voltages 
produced during the contraction of the heart). A typical tracing consists of a series of waveforms 
occurring in a repetitive order. These waveforms arise from a flat baseline called the isoelectric 
line. Any deflection from the isoelectric line denotes electrical activity. 

As seen in Figure 4, five major deflections on a normal EKG are designated by the letters P, Q, 
R, S, and T. One heart cycle is represented by a group of waveforms beginning with the P wave, 
followed by the QRS wave complex, and ending with the T wave. The P wave represents the 
depolarization of the atria and is associated with their contraction. The ventricular activation is 

(a) 

(b) 



represented by the QRS complex. The T wave results from ventricular repolarization, which is a 
recovery of the ventricular muscle tissue to its resting state.  
 
Figure 5 depicts the front panel of the expected waveforms obtained from a human body EKG 
signal, while Figure 6 shows the block diagram (BD) of the same laboratory project. Figure 7 
shows student activities in Lab#2 to monitor and analyze heart functions with EKG signals [7]. It 
was significant to see one student’s abnormal EKG signal, since he had never been checked with 
an EKG monitor.  

 

 
Figure 4. EKG electrode placement for measuring heart activity and an EKG waveform structure [7] 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Figure 5. Front Panel of the expected waveforms obtained from human body EKG signals 
(cardiac electrical potential waveforms) from this lab. 



 
Figure 6. Block diagram of EKG signal monitoring 

 
 

  
                   Figure 7. Students are working on #Lab2 on EKG signal monitoring 

 
 
Lab#3 Wind Speed Monitoring: 
 
A Vernier anemometer was used in this lab activity to measure and monitor wind speed. The 
Vernier anemometer is an impeller-type device that has its axis of rotation parallel with the wind. 
The wind causes the impeller, shaft, and magnet to rotate producing an electrical signal whose 
frequency is proportional to the wind speed [8]. The calibration of the anemometer is done by 
using the slope-intercept formula (y=mx+b), where m is the slope, and b is the y-intercept. The 
two calibrated wind speeds used in this lab consist of m/s and mph. For m/s, the slope equals to 
10m/s/V, and the y-intercept equals to -10m/s. For mph, the slope equals to 22.37 mph/V, and 
the y-intercept equals -22.37 mph. These formulas were typed into LabVIEWTM formula nodes, 
where x in the formula was the analog input signal read from the anemometer. However, a 



Vernier adapter was needed to plug the meter into the myDAQ module. The adapter made it easy 
for the analog signal from the anemometer to be read into the myDAQ module. The FP of the 
project as seen in Figure 8 consists of three green LEDs—one for each of the three possible wind 
speed ranges of high, normal, and low. The front panel has a red LED to signify an alarm for a 
high wind speed condition. This alarm also has an alarm string that will output the statement 
High Wind when this condition is met. Also in the front panel is a chart that will read in the 
analog signal as it happens live. In addition to the chart, there are two digital displays that 
indicate the speed of the wind in both m/s and mph. These are also real-time speed readings that 
change with the current wind speed values. There is a speedometer-type meter that acts as if 
there is an analog measuring device present, and another scale to show the high wind speed 
condition. Lastly, a stop pushbutton is in the top left corner of the front panel to stop the live 
reading of wind from the anemometer. The BD of wind speed monitoring is shown in Figure 9.     

 

 
Figure 8. Front panel of a wind speed monitoring 

 

 
Figure 9. Block diagram of wind speed monitoring. 

 



Lab#4 RGB Mixer Lab:  
The objective of this lab is to control the color of a red-green-blue (RGB) LED by applying three 
separate pulse-width-modulated (PWM) signals to three digital outputs of the myDAQ. For this 
demonstration, the Simulate Signal VI will be configured with an adjustable duty cycle to output 
variable square waves to the red, blue, and green connections of a RGB LED. There are eight 
DIO lines on NI myDAQ. Each line is a programmable function interface (PFI), meaning that it 
can be configured as a general-purpose software-timed digital input or output, or it can act as a 
special function input or output for a digital counter. A simple front panel and block diagram VIs 
of the project is shown in Figure 10.  

 
Figure 10. Front panel and block diagram of an RGB Mixer Project 

 
Lab#5 Distance and Velocity Measurement using Vernier Motion Detector  
 
The objective of this lab is to write a VI to record and display distance readings of various 
objects from a Vernier motion detector (MD). The VI is capable of displaying distance in meters, 
centimeters, feet, and inches. Once the VI is ready, students use the motion detector data to 
calculate the velocity of a moving object. The MD emits short bursts of ultrasonic sound waves 
from the gold foil of the transducer. These waves fill a cone-shaped area about 15 to 20° off the 
axis of the centerline of the beam as seen in Figure 11. The MD then listens for the echo of the 
ultrasonic waves (UW) returning to it. The equipment measures how long it takes for the UW to 
make the trip from the MD to an object and back. Using the time and the speed of sound in air, a 
distance to the nearest object is determined [9].  
 

  
Figure 11. Vernier Motion Detector  

The sensitivity of the echo detection circuitry automatically increases, in steps, every few 
milliseconds as the ultrasound travels out and back. This is to allow for echoes being weaker 



from distant objects. The motion detector is capable of measuring objects as close as 0.15 m and 
as far away as 6 m. The short minimum target distance allows objects to get close to the detector; 
this reduces stray reflections. The MD has a pivoting head which helps the user aim the sensor 
accurately. The MD also has a sensitivity switch which is located under the pivoting motion 
detector head. The VI requires two separate while loops to operate—one while loop generates 
the bursts of ultrasonic sound, and the other measures the time between each burst. Figure 12 
exhibits the front panel and block diagram VI of the MD lab after a 20-step approach as listed in 
the course lab manual [9-10]. After the MD lab, students are required to answer design questions 
such as the accuracy of the measurement and the acceleration calculation as a next step.  For this 
project, we left the sensor on the 6.4 mT range since the magnetic fields were relatively strong. 
This sensor was connected into a myDAQ controller to input the data into the program. 
 

 
Figure 12.  Front panel and block diagram VI of the motion detector lab. 

 
Lab#6 Electromagnetic Interference (EMI) Monitoring Lab: 
 
The objective of this lab is to write a VI that reads in the signal of a magnetic field sensor 
connected to myDAQ through a myDAQ adapter interface module. The Vernier magnetic field 
sensor measures a vector component of the magnetic field near the sensor tip. The tip can be 
adjusted, allowing the user to measure fields that are parallel or perpendicular to the long axis of 
the sensor [11]. The sensor uses a Hall-effect transducer which produces a voltage that is linear 
with the magnetic field. The sensor measures the component of the magnetic field that is 
perpendicular to the white dot on the end of the sensor tip.    

  
Students also took the EMI monitoring system (sensor, myDAQ module, myDAQ sensor 
adapter, and a laptop) to different locations on and off campus to monitor EMI data from various 
sources. Figure 13 exhibits front panel and block diagram VIs of the EMI monitoring. Figure 14 
exhibits EMI monitoring data as magnetic interference (mT/V) versus time (s) from a 3,500 W 
microwave oven, and a 500 W power supply, a cellphone tower, and finally an underground 



transformer vault on campus. The data showed that the majority of the devices and equipment 
radiated similar amounts of electromagnetic interference. The data could be somewhat skewed 
based on how accurately the magnetic field sensor performed. The variation in results might be 
due to the high accuracy of magnetic interference using the 0.32 mT range, since the signals 
were weaker than expected. 

 

 
Figure 13. The front panel and block diagram of the EMI monitoring lab 

 

 
Figure 14. Magnetic interference data collected from multiple sources—a microwave oven, an AC power 

supply, a cell phone tower, and a campus transformer vault. 
 

Course Assessment 
 
The Office of Academic Planning and Assessment at Sam Houston State University coordinates 
the institution’s student ratings of instruction (SRI) instrument, the IDEA Evaluation process. 
This instrument has a 1.0 to 5.0 scale, where 5.0 is highest ranking, and is useful for translating 
informative course feedback into actionable steps to improve student learning. In addition to the 
university’s set general learning objectives, additional learning objectives aligned with ABET-
ETAC Criteria 3 were also included in the IDEA Evaluation process. Student ratings of learning 



on relative objectives are listed on Table 1 for 17 students.  Table 2 exhibits teaching essentials 
evaluated by the same 17 students.    
 

Table 1. Student Ratings of Learning on Relevant Objectives from the IDEA Evaluation Process 

 
 

Table 2. Teaching Essentials (5-point scale) 

 
 

Table 3 exhibits the course instructor’s teaching procedure for excellence in teaching 
methodologies.  Table 4 indicates survey data administrated by each course instructor to show 
the overall class feedback on learning objectives.  Table 5 shows satisfaction  of ETEE 4382 
course objectives. Finally, Table 6 exhibits specific student comments on the overall class 
structure and learning objectives. The data available on Tables 1-6 collected from the end of 
semester asssessment were coordinated by the University’s well-established student ratings of 
instruction (SRI) instrument that is defined as the IDEA evaluation process.  



Table 3 Instructor’s Teaching Procedure for Excellence in Teaching Methodologies 

 
 

Table 4. Overall Class Feedback on ETEE 4352 Instrumentation (5-point scale) (17 students) 
After taking the class ETEE 4369 Instr. & Interfacing, I felt comfortable with the concepts related 
measurement/instrumentation, computer-aided controls, VIs, data acquisition hardware and LabVIEW software 
to design systems which read, write and store A/D information. 

5.0 

Lectures and laboratories given by instructor and lab assistant were useful in understanding the operation of 
overall DAQ and Instrumentation Systems 

4.9 

The lab description documents were useful in understanding the myDAQ and LabVIEW supported hands-on 
labs using variety of sensors & other hardware/software for computer aided Instrument. 

4.8 

After completing the class, I have a better understanding of the analog and digital data measurement, 
processing, and storage practices applied to ETEC fields.  

5.0 

The subject matter of the class increased my interest in Computer aided DAQ & Instrum. Systems. 4.8 
In-class LabVIEW VI programming projects helped me to learn and practice LabVIEW programming skills and 
enhanced the class learning objectives. 

5.0 

 
Conclusion 

This paper described course objectives, learning outcomes, and sample curriculum material 
covering lecture, laboratory, and project activities for a new core course titled ETEE 4352 
Instrumentation and Interfacing that is offered in the department of Engineering Technology at 
Sam Houston State University. The size, precision, and convenience of sensors, the myDAQ 
unit, and the myDAQ sensor adapter make this instrumentation system more efficient and easier  

to understand than the previous similar work using LabVIEWTM [12-15). Student assessments 
are reported by the institution’s well-established student ratings of instruction (SRI) instrument 
that is defined as IDEA Evaluation process. In addition, course surveys on class structure and 
learning objectives are reported.  The outcomes of this curriculum enhancement are as follows:  

(a)  A well-established instrumentation and interface course was added to the ETEC curriculum; 
(b)  This class will help provide evaluation data for the criteria 3 of the ABET-ETAC 

requirements;  



(c) Students are exposed to real-time data acquisition and instrumentation applications in 
industrial environments using a LabVIEWTM based myDAQ board and a number of sensors such 
as motion, pressure, electromagnetic interference (EMI), thermocouples, EKG, and anemometer 
for both industrial, medical, solar and wind energy systems.  
 
The corresponding LabVIEWTM VIs were discussed, and student comments and the University’s 
IDEA assessment instrument indicate that the class satisfied all the learning objectives. Students 
described their satisfaction and excellence in course learning in terms of both the knowledge and 
hands-on skills as described in the course description.  
 

Table 5.  ETEE 4352 Instrumentation Course Objectives (5-point scale) (17 students) 
Discuss concepts and elements of a measurement and instrumentation system 4.70 
Examine sensors, A/D signal conditioning methods used in instrumentation 4.76 
Explain the applications of sensors, A/D signal conditioning used in instrumentation 4.76 
Apply computer based controls and VI software using LabVIEWTM 4.88 
Use data acquisition hardware/software to design systems which read and write A/D info. 4.94 
Understand the principles of data acquisition and sampling 4.70 
To be able to design with and analyze circuitry for common sensors/ actuators 4.65 
Write virtual instruments in LabVIEWTM for measurement and control 4.82 
Identify the common elements of the computer aided control & measurement systems 4.71 
 

Table 6.   Individual student comments (17 students)  
The hands-on lab learning was the best, a lot more learning and experience 
Lectures are naturally boring, but the labs are great 
The hands-on portion helped in understanding  
The EKG and other more hands-on labs that had an interactive element were enjoyable and very comprehensive 
I love using myDAQ; maybe more practice with the sensors and myDAQ 
I like learning LabVIEW and understanding how it works as well as how it can be used by a person that understands 
programming as well as by a person that does not.  
I felt that the lectures pertaining to the instrument types were not very relevant to our activities, although they do have much use 
in understanding how many types of instruments there are in the workforce.  
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