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Development of Automated Procedures for Dynamic MegaDAC 

Calibration and Data Recovery 

EXECUTIVE SUMMARY 

MEGADAC is a sophisticated data acquisition system (DAS) manufactured  

by Optim Electronics in Germantown, Maryland. A DAS collects different kinds of data 

from sensors and stores the data in an appropriate format for future analysis.  

Minnesota Department of Transportation establishes the Minnesota Road 

Research Site in Albertville to study the usage and the effects of various vehicles on US 

highways. MEGADAC is the primary equipment to collect pressure, strain and 

temperature readings from the actual US highway, I-94. A MEGADAC is a computer 

which consists of an Analog to Digital Converter (ADC), which converts the analog 

electrical signals from the sensors to the digital signals for analysis and transmission. 

Different sensor modules are required to collect different physical readings.  

There are two versions of the MEGADAC, dynamic and static. Dynamic 

MEGADAC is used to collect time-sensitive data. There are many sensors, 

thermocouples, water mark sensor, vibrating wire strain gauge, and etc. These sensors 

usually operate in the micro-volt (10^-6) range and they are very sensitive to noises and 

interference. The properties of the electrical components of the MEGADAC change with 

the surrounding environment. Therefore, all the MEGADAC are located inside 

temperature controlled cabinets; we hope that will keep the equipment in a favorable 

working condition. Nevertheless, calibration is necessary because electrical component 

value drift with time and there is no way to prevent it from happening. The best solution 

available is to check and recalibrate the equipment in a certain amount of time to ensure 

the accuracy and reliability of the data.  

For the static calibration of Megadac, this part of the project started in February of 

2001 and finished in June of 2001. A new static calibration procedure is developed and 

with the addition of new equipment, like a temperature bath. The new procedure is able 

to provide a standard method to ensure hardware quality.  

The peak-picking program is developed continuously starting from the fall of 

2000. Major part of the program is done in January of 2001. The development process is 

rewarding and exciting because it was a problem with various solutions. The bottom line 
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is to find a good way to pick out useful information from a recorded data trace. It turns 

out that a compromise version of semi-automatic method is developed and to deemed to 

be useful and efficient. On the one hand, researchers are able to sort out information 

automatically because of the de-noising algorithm. On the other hand, the program gives 

the researchers the ability to pick out additional information manually from the filtered 

data. This kind of compromised solution seems to solve many problems in real life. The 

processed information is then exported and can be stored in the MnDOT main research 

database. Training sessions are also given to train MnROAD researchers on the use of the 

peak-picking software. The software program can be updated and/or revised as different 

requirements arise.  

Finally, the dynamic megadac calibration took the most time in the project. It 

requires the understandings of the MegaDAC data acquisition hardware and software. 

Since the system was manufactured in 1993, many software programs had become 

obsolete in 2001. It is rather difficult to find reference material to relate to the software 

development. However, it is the way technologies emerge nowadays. Better, easier, and 

faster technologies appear and become obsolete every few years. It is fortunate that we 

have better systems to coupe with more difficult problems. The difficulty of maintaining 

quality research is that many issues are very time sensitive, not only because of the 

equipment, but also the people originally involved in the project. Sometimes because of 

the length of the research required, the change of personnel is unavoidable. The best that 

one can do is to utilitize current technologies to solve current problems. It is my sincere 

hope that the MnRoad research project will flourish and prosper in the years coming. 
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CHAPTER I 

CALIBRATION AND MAINTENANCE OF THE MEGADAC 

1.1 Background 

 The properties of the electrical components of the MEGADAC change with the 

surrounding environment. Therefore, all the MEGADAC are located inside temperature 

controlled cabinets; we hope that will keep the equipment in a favorable working 

condition. Nevertheless, calibration is necessary because electrical component value drift 

with time and there is no way to prevent it from happening. The best solution available is 

to check and recalibrate the equipment in a certain amount of time to ensure the accuracy 

and reliability of the data. 

   

1.2 Objectives 

To maintain the accuracy and reliability of sensors and data collected from the 

MEGADACs at the Mn/Road site. 

   

1.3 Research Approach  

Most of the megadacs pass the calibration test with very little adjustment needed. 

With the addition of new equipment, a temperature bath, a signal generator, and a couple 

of switch boxes and a finalized version of the static calibration procedure by Bob; 

Increase the efficiency of the calibration procedure by 25%-50% over the old one (see 

report for details). 

The procedure is systematized and can be performed by any future personnel 

 

1.4 Scope  

  # of Megadac finished 

Calibration 

Comments: 

# of Dynamic Megadac 19 19 ----- 

# of Static Megadac 28 28 ----- 

Total 47 44  

Table 1: Megadac calibration schedule. 
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This year calibration started around early February. With the help of Bob and a 

student worker Mamoun, the calibration progresses smoothly. In addition, most of the 

procedures for calibrating the static megadac are well written, it certainly helps for any 

future personnel who wants to follow with the calibration.  A temperature bath, a signal 

generator, and a couple of switch boxes are purchased to increase the efficiency of the 

process. By using the temperature bath, the procedure is able to take two separate 

temperature readings for the thermocouple exactly for comparison. Using the functions 

generator and the associated software, an exact frequency can be outputted to test the 4k 

and 1k vibrating wire sensors. Using the switch box constructed by Bob, it helps to 

eliminate a lot of chores of connecting wires for testing the watermark sensors. With all 

the improvements, the current calibration procedure increases efficiency over 25% - 50% 

to the old procedure, the efficiency varies depending on the experience of the calibration 

operator. 

 For the most part, this year calibration has gone very successfully compared with 

that of last year, for which 50% of the machines need re-calibration. This year, most of 

the machines just pass the calibration with very little adjustment needed. This probably 

can be attributed to the fact that most of the machines had been calibrated from last year. 

A calibration summary can be obtained from Bob. 
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CHAPTER II  

DYNAMIC MEGADAC CALIBRATION METHOD 

2.1 Background  

Optim Electronics provides two softwares, TCS and TCSCAL, to test the 

functionality of the MEGADACs. However, the testing procedure only uses static 

readings and it fails to recognize the dynamic nature of data collection in the real 

environment; it is believed that the procedure is inadequate. The old testing procedure is 

very inefficient and time-consuming. The static reading also provides no further 

information of the dynamic status of the MEGADAC. We instituted a more reliable 

dynamic calibration procedure that feeds in a standard arbitrary waveform to the dynamic 

MEGADAC and compares the output signals with the original signals. Using this 

procedure, we are able to detect the functionality of the dynamic MEGADAC. We 

developed a testing procedure to detect sensor and ADC failures in the MEGADAC. The 

new procedure provides an efficient way to va lidate the reliability and accuracy of 

different kinds of sensors.  

  

2.2 Objectives 

The purpose of the dynamic calibration is to determine how well does the 

MegaDAC ADC and sensors perform as a unit. The process involves testing the 885SH 

and the 16bits ADC of the 5XXXX series MegaDAC together.  

Different sensors use different kinds of exciting cards coupled with the 885SH to 

measure different physical quantities. For example, PK sensors use a +10V constant 

voltage supply from the SCV884.  LVDT sensors use a +/-15V voltage supply from the 

CB-100 while PG sensors use a constant +/- 10V constant voltage from the CB-100. LE 

sensors use a constant current supply from the SCI-884/120 or 350 card. Since the 

dynamic testing for all types of sensors only involve testing the 885SH(sample and hold) 

card with the ADC module. One may ask if we need to test the system with the current 

supply or voltage supply cards as a whole system. However, one needs to remember that 

all of these supply cards only affect the bias or make an offset to the final readings. These 

kinds of error can be easily eliminated by simple subtraction of baseline technique to the 

collected data. The real concern of the testing is to make sure that the ADC is functioning 
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correctly and to try to find a way to identify potential problems from simple dynamic 

testing.  

 

 

 

Figure 1: Megadac functions/framework diagram. 

 

2.3 Research Approach  

I) Calibration principles. 
 

- The main idea of the calibration method is to send out continuously varying 

waveforms to the MegaDAC, collect the data and compare the data with an ideal 

sample. 

- Bad sensors scenarios -- will be noticed when the MegaDAC passes the calibration 
test. 

- Bad excitation cards scenarios -- only affect the bias or make an offset to the final 
readings. Therefore, can be easily eliminated using post-process techniques (eg. 
subtraction of baseline). 

 
Figure 2: Dynamic Megadac calibration diagram. 
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II) Development process. 
 
- A complete list of tests is created using the TCS software. These standard list files are 

required to download to the MegaDAC and run the appropriate tests.   

- These files are ready to be downloaded to the MegaDAC using a modified version of 

the Tcsload.c program.  

- A separate part of the program is used to start scanning and recording data into the 

MegaDAC memory. The recorded data is then transferred back to the PC for 

comparison.  

- After some manipulations and conversion of the data using tcsfile.c, the numerical 

comparison is done by Matlab. Matlab generates a perfect waveform of the signal 

generator, correlates it with the recorded data and perform a statistical analysis. 

 
The development procedure starts out by sending out a 1Hz, 20Hz and 40Hz sine 

wave (individually) into the 885SH cards through the test fixture. (We only use a 20Hz 

Sine Wave in the actual calibration procedure for simplicity and because we obtain a 

comparable results with the other three waveforms.) We don’t use any higher frequencies 

because the internal low pass filter built in to the MegaDAC at 80Hz starts cutting the 

amplitude around 60Hz. The data is collected and transfer back to the PC for analysis.  

The analysis (which is done in Matlab .m files) consists of eliminating any bias by 

subtracting the data by the average baseline. The processed data should be a sine wave 

with a mean closed to zero. Then, the data is correlated to an ideal sine wave (which is 

generated from Matlab) for comparison. The result is then collected as the mean squared 

error, the mean and the standard deviation. The figure below shows the correlated data 

with the ideal sine wave. Solid line is the data while dashed line is the ideal sine wave. 

All the errors are normalized. The mean squared error measures the difference between 

the recorded data and the ideal data. The mean is to measure any abnormality regarding 

the bias. The standard deviation is a conversion of the MSE to the appropriate unit for 

reference.  

For the actual testing, we only displayed the numbers as a table because graphical 

visualization doesn’t help to determine errors for such a high input frequency. However, 

it is possible to show the graphical comparisons in the window environment (The picture 
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below show a graphical comparison between the two waves, 40Hz sine waves, solid line 

represents the ideal samples, dotted line represents data collected from the Megadac). The 

result is after correlation.  

 

 

Figure 3: Correlated 40Hz Sine Wave  

 

Figure 4: Amplification of the Correlated Data 

Then, we correlate the data with the ideal samples generated from Matlab to measure 

the mean, standard deviation and mean squared error, all of them are the mean values of 
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4000 comparisons. All the errors are normalized. The mean squared error measures the 

difference between the recorded data and the ideal data. The mean is to measure any 

abnormality regarding the bias. The standard deviation is a conversion of the MSE to the 

appropriate unit for reference.  

Sample results from a calibrated MegaDAC, 40Hz sine wave: 

 

 
Figure 5: Mean squared error (MSE) for a 40Hz Sin wave. 

For an operational MEGADAC, the error seems to be around 5% to 6% for a 

40Hz sine wave. We also tested the MegaDAC using a 20Hz triangular wave and a 20Hz 

square wave. 

 

Figure 6: 20Hz Triangular Wave. 

 

Sample results from a calibrated MegaDAC, 20Hz triangular wave: 
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Figure 7: Mean squared error (MSE) for a 20Hz triangular wave. 

 

Figure 8: A 20Hz Square Wave. 

 

Sample results from a calibrated MegaDAC, 20Hz square wave: 

 
Figure 9: Mean squared error (MSE) for a 20Hz square wave. 

The results obtained from using triangular wave are similar to that of using sine 

wave and they are around 5-8%. The results obtained from using square wave are to test 

the fundamental ability of the MegaDAC to follow rapid changes, essentially is the rise 
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time and fall time of the system. The error is around 23% which is largely attributed to 

the sharp rising and falling edge of a square wave. Since the square wave basically states 

at two steady levels in between transition, it doesn’t measure the dynamic nature of data 

recording. From the three different waveforms, it is believed that using a 40Hz 50 mVp-p 

Sine wave is sufficed for our testing purpose. 

There are a lot of areas that can contribute to errors: the16 bits ADC unit, the 

electrical noises/static inside the megadac and malfunction of the 885SH cards. However, 

under reasonable assumptions, it is safe to assume that any error under 10% should be 

considered as normal and the dynamic megadac doesn’t need to be re-calibrated.  

III) Compiling procedure. 
 

The DOS console program consists of four parts. Most of the sub-routines are taken 

from the Optim Electronics sample of the custom development kits. Some of them (from 

1993) needed to be updated and modified because some of them are not complied with 

the new Visual C standard. 

 

1. Using part of Megaload.c to download a test (these are created by TCS with a specific 

name for specific channel configuration) to the megadac. c00_07 corresponds to 

channel 0 to 7, c08_15 corresponds to chanel 8 to 15 and similarly for the rest of the 

channel 39. 

2. Start scanning and record a data set inside the MegaDAC memory. Also need to 

download the recorded data to the PC. 

3. Convert the binary data (data_ptr) into short integer format for Matlab to read.  

4. Matlab codes to read and analyze the data and output them to the screen. 

 

Most of the sample C files provided by Optim consist of three parts. 

--The first part contains the functions to handle serial and GPIB communications (only 

GPIB is used for our purposes). 

--The second part contains member functions to handle different operations for the 

MegaDAC. (For example, load the tags, check the tests, and download the tests to the 

MegaDAC). 
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--The third part is the DOS console interface for the operators to decide which actions to 

perform to the MegaDAC. 

 

Some major modifications for the Optim files. 

 

1. Replaced send() to sendgp(), send() is reserved for a MS Visual C++ external 

function. 

2. Replaced _dos_findfirst to FindFirstFile which is supported by the new win32 

console application. 

3. Added explicit declaration for malloc() which is required by C++. 

4. Rewrite the read_header and read_footer functions for the Tcsfiles.c. 

5. Use a newer version of NI-488.2 drivers for complying, Decl-32.h, Gpib-32.obj. 

 

The Matlab programs, getmserr_sin20.m and megaerr_sin20.m, are very self-

explanatory. Basically, it is to generate a perfect sine wave and compare it with an 

imperfect sine wave with 16-bits precision.  

The second part is to clean up the data loaded from the ASCII file. It consists of 

eliminating the baseline (baseline doesn’t affect resolution) and normalizing the 

magnitude to 1.  

Then, we correlate the collected data from MegaDAC with the ideal samples 

generated from Matlab to measure the mean, standard deviation and mean squared error, 

all of them are the mean values of 4000 comparisons.  

 

Matlab programs used in development: 

--Dlmhdrload2.m, xcorr.m, sawtooth.m, square.m, listfile001.m, meansqerr.m (graphical 

visualization), getmserr_sin20.m, megaerr_sin20.m, getmserr_sin40.m, 

megaerr_sin40.m, getmserr_tri20.m, megaerr_tri20.m, getmserr_sq20.m, 

megaerr_sq20.m 

 

Matlab programs used in actual calibration: 
 
Megaerr1b.m – main program to govern the procedure to read in data and output files. 
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Xcorr.m – to calculate correlation. 
Getmserr.m – calculate the actual MSE (mean squared error) and std deviation for each 
channel. 
Dlmhdrload2.m – read in the ASCII recorded data file generated from megadac to 
Matlab. 
Listfile001.m – filter out *.001 file for analysis. 
 
 
The procedure is pretty simple and all the source codes are enclosed as attachments. 
 
A programmer may want to be aware of the following information. 
 
Short-2bytes 
Long-4bytes 
Double-8bytes 
Float-16bytes 
 
Detail descriptions for the program: 
 
All the procedures are very typical (command means Megdac’s command): 

1. Check the hardware and software configurations to see if they match each other. 

2. Balance the Megadac, like any other tests that one creates using TCS DOS. 

3. After everything is checked and matched, we send a command “SCN 1”to start 

scanning. 

4. Another command “RCD 1” to start recording onto the megadac memory. 

5. Then, send “RCD 0”  and “SCN 0” to stop recording and scanning. 

6. Using the command “DDZ?” to get info about this test: no of scans, time, date, name. 

A recorded data file is created as “Name.001”. 

7. Using the command “DDS?” to start downloading the binary data to the host 

computer.  

8. This size of this binary data stream is controlled  the block size (“DTZ block_size”) 

governs the size (eg. 1000). The header of the stream (first 4 bytes) is “DDS “ (There 

is a space after S. Then 2 more bytes of header info. The actual data starts at the 7 

bytes of the stream. There is also an “End” character at the end of each pass of all the 

channels and the scan starts again accordingly. 

A sample assuming that there are 4 channels: 

Receiving from buffer: 
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Figure 10: Received data format. 

The data is reconstructed accordingly. 

9. The end of the received buffer is determined by a scan_counter, which basically 

knows the size of the stream and can be decrement according after a scan is stored 

into a short integer array. 

10. Repeat the command “DDS?” until we reached the size of the recorded data file 

(known from “DDZ?”) 

11. Continue with the matlab part of the procedure that is pretty standard and can be 

easily understood by reading the comment of the file.  

12. An Excel file is also created to store the calibration results electronically. 

13.  The result is shown here. 

 
Figure 11: Megaload display. 

àDDS xxchan1chan2chan3chan4Endchan1chan2chan3chan4Endchan1chan2chan3…. 
 

Chan1 
Scan1 
Scan2 
Scan3 

… 
… 
… 
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Notes: 
a) It is suggested that all the channels of the megadac are independent. However, we 

found out that 4 channels out of 8 channels are dependent on each other inputs. The 

influence on the remaining channels is about 1 % of the main input. (It is possible that 

4 channels are processed by one chip while the other 4 are processed by another 

chip.) This doesn’t affect the results too much but operators should be aware of this 

property of the cards. 

b) The drifting of the cards: while nothing is connected to the inputs of the channels. 4 

channels drifts to the maximum while the other 4 remain around zeros. It is another 

interesting behavior of the megadac. 

c) All the header and related files are stored as megacompile.zip. 

d)  About compiling of the executable, must include the Matlab library file in the project 

settings, libmx.lib libeng.lib, Otherwise linking errors  will occur. It is indicated 

in the red circle. 

 

 
Figure 12: Compiling Settings. 
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Figure 13: Matlab library files for linking. 
All the necessary files for compiling: 

 
Figure 14: Header and object files required. 
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IV) Calibration procedure. 
 
All the required files are included in one megaload.zip file. Make sure to put all the 

files in the directory c:\xxx\Matlabxxx\bin\win32 or c:\xxx\Matlabxxx\bin\ for the 

program to work properly. Then one can create a shortcut to access the program 

megaload.exe from the desktop or anywhere. 

 

1. Enter the GPIB address of the MegaDAC. 

2. Select a 40Hz, 50mVp-p, sinusoidal wave from the functional generator and connect 

the output to the fixture A inputs of the MegaDAC.  

3. Command the MegaDAC to start recording data and transfer back the recorded data 

to the laptop and comparing the results in Matlab numerically in a least square error 

sense. 

 
Figure 15: Megaload program. 
 

4. At the end of the calibration, make sure to clean up all the “Name.001” file. Even 

though the program does have the functions to delete these files, it may not do the job 

if it is terminated abnormaly. 
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5. For filing convenience, the result is also stored as a file using the serial number of the 

Megadac and the channel names. All the standard information is included in the file. 

A sample is shown here. 

 
Figure 16: Calibration output format. 
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V) Equipment Required. 

 
Figure 17: General Setup of Dynamic Calibration Testing 

For the dynamic testing, one needs to have a signal generator, a computer with a 

GPIB connection/driver and Matlab installed. There is also a test fixture used to connect 

the signal generator output to the 885SH input. Since most of the running dynamic 

MegaDAC’s 885SH card gain to set to 200, the program is also written with a gain of 

200. One should first check that the software gain matches the hardware gain in the 

card’s jumpers if any problems arise. 

 

Testing equipment. 

1. Function generator, HP 33120A. 

2. Test fixture A. 

3. GPIB connection cable.  

4. Computer with Matlab and NI-488.2 driver installed. 
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Figure 18: GPIB cable and fixture A, Item 3 and 2. 

 

Figure 19: Function generator, Item 1. 

 

2.4 Scope  

 During the month of August, the main development process happened at the 

MN/Road site. The majority of the time is spent on reading and understanding the 

operations of different C files provided by Optim for custom applications. Most of these 

files are out-of-dated and required significant updates. However, once the files are 

understood, the process proceeded rapidly with the access to the right equipment and 

information. Robert Stromen provided significant information about the operation of the 

MegaDAC and helped to build the test fixture required to connect the 885SH card to the 

signal generator.  

The main idea of the calibration method is to send out continuously varying 

waveforms to the Megadac, collect the data and compare the data with an ideal sample.  

A complete list of tests is created using the TCS software. These standard list files are 

required to download to the MegaDAC and run the appropriate tests. Since we have 
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different cards addressed to different channels, we need a test for every 8 channels from 

channel 0 to 127. The naming of the test is very intuitive. For example, c08_15.lst stands 

for the list file for an 885SH card with channel addressed from 8 to 15.  

Once, these files are created, they are ready to be downloaded to the MegaDAC using 

a modified version of the Tcsload.c program. A separate part of the program is used to 

start scanning and recording data into the MegaDAC memory. The recorded data is then 

transferred back to the PC for comparison. After some manipulations and conversion of 

the data using tcsfile.c, the numerical comparison is done by Matlab. Matlab generates a 

perfect waveform of the signal generator, correlates it with the recorded data and perform 

a statistical analysis. (The graphical visualization is omitted in the final software because 

it doesn’t help to quantify the error. It is for illustration only.) 
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CHAPTER III 

PEAK-PICKING METHOD TO RECOVER USEFUL DATA FROM NOISES 

3.1 Background  

 

A generic peak picking method provided by the manufacturer is being used to find the 

picks within the noisy waveforms. Under scrutiny, the method proves to be a failure 

because it cannot correctly identify the useful information from the raw data. Indeed the 

data collected from the MEGADAC is mixed with different kinds of interference. For 

example, the reference point (i.e. the baseline) may change continuously, and in this case 

the relative amplitude of the signals cannot be determined in a consistent fashion. The 

noise and interference also distort the actual waveform and make it difficult to determine 

the crest and trough of the signal.  

 

3.2 Objectives 

 

Mn/DOT has done research on the particular subject. The suggestion is to use a 

frequency filter (based on the Fast Fourier Transform (FFT) technique) to remove the 

common 60Hz power supply noises from the collected data and a time-domain averaging 

techniques to remove the ringing effect from the filtering operation and the remaining 

noises. However, the current solution relies on an operator going through the data 

visually and picking out the useful information (peaks location and their values). We 

automated the procedure and developed a computer program that outputs the desired 

useful information. The program includes these four following steps.  

The first step consists of filtering the signal to remove the additive  

Gaussian noise and the 60 Hz power supply noise. We intend to use a wavelets-based 

filter to remove the 60 Hz power supply noise and "denoise" the signal while preserve its 

slope. The second step consists of removing the slowly-varying bias component of the 

signal. The third step involves the development of pre-trigger and post-trigger techniques 

to zoom and identify the location and the values of the peaks. 
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3.3 Research Approach  

I) Introduction. 
 

This automatic peak-picking program is written in Matlab version 5.3 which has a 

user-friendly GUI interface programmer called “guide”. For the most part, “guide” 

takes care of all the GUI related issues in windows environment. The advantage of 

using Matlab is tremendous because a programmer can focus on the algorithm itself 

instead of worrying about the GUI program in the windows environment. In addition, 

Matlab has a lot of built- in mathematical functions for fast and easy development.  

 

If you are not familiar with Matlab, you can consult the appendices for the Matlab 

User Manuals from Mathworks, Inc. Also, all the *.m files have comment lines to 

help the readers to understand the files. Some of the utility files, like the one that 

reads comma separated files, are modified by myself to fit our purposes but they are 

created by someone else. The creator’s comments are left untouched to show the ir 

copyright.  

 
II) Matlab requirements. 

 
-Version 6.0.1 r12 or higher with the wavelets toolbox installed. 
 

III) Program structure and explanation. 
 
In order to modify and understand the program, one needs to know the two parts of 

the development process.  

 

-Command line operation: After Matlab is started, it is like working under DOS, 

typing in a line command, Matlab executes it. All the *.m functions are created and tested 

in this way before they are integrated into the GUI interface.  

 

-The GUI interface: This interface acts like a drag and drop operation, instead of 

typing in the function name in the command line, one clicks a button or an icon to gain 

access to a function. 
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System flowchart: 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 20: Peak-picking file associations. 
1) megadacpp1.m  

The automatically generated GUI files from “Guide”, responsible for the appearance 
of the program. 

2) megadacpp1.mat 
The runtime program including all the callback functions. 

3) guiback.m  
All the callback functions (correspond to clicking different buttons on the GUI) are 
implemented in this file. 

4) dlmhdrload1.m  
Responsible for reading the comma delimited/separated file into a m*n matrix and 
reading the ASCII file header into a string. 

5) ddenoise.m  
The wavelet de-noising subrountine. 

6) listfile.m  
Identify the extension-specific files from a given directory. 

7) pp1.m  
The main peak-picking program. 

P.S. For Matlab version 6, the main program is called “megadacpp2.fig.” 

Main program 

Callback GUI interface 

dlmhdrload1.m 

ddenoise.m 

pp1.m 

listfile.m 

Megadacpp1.ma

megadacpp1.m 
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The Matlab peak-picking algorithm consists essentially three parts:  
 

1. Input/output 
 
This includes the program to read the input data files for processing. If the file is in 

the ASCII format, the header will be read in to the program as a character string and it 

will later be displayed on the information box. Then, the rest of the data file will be 

read in as a NxM matrix and is stored in the “UserValues” of the input box. N is 

referring to the no. of sensors in the file and M is the no. corresponds to the no. of 

samples taken for that individual sensor in the file. For example, if the MEGADAC is 

collecting data at 2000 samples / seconds and we have 3 seconds of data, it will 

correspond to 3*2000=6000 samples in the data file, M =6000. 

 

For the output part of the program, it consists of writing the data back into a ASCII 

file which can be read by any kind of data-handling program, like MS Excel or 

Access. The table format is determined by the data given to me for different kinds of 

sensors and data. Please refer back to the output format diagram for further 

information. 

 
2. De-noising algorithm 
 

The de-noising part is mainly using the db5 wavelets, 5th level of decomposition and 

Matlab built- in automatic thresholding and reconstruction to eliminate the white noise 

that is mixed with the original signals. If one wants to understand better about the 

whole process of wavelets de-noising, one should refer to “The Wavelets Guide from 

Mathworks” which is in pdf format and also a common wavelets textbook “Wavelets 

& Filter Banks” for further information. If one wants to modify the de-noising 

parameters, one has to change the “ddenoise” subroutine in the program. However, 

many different levels and kinds of wavelets have been tested. It appears that the 

current configuration obtain the best result for out purposes. 

 

The algorithm works extremely well for high (Signal to Noise Ratio) SNR which 

indicates higher magnitude difference between the noises and the signal.  
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3. The GUI development. 
 
The development is based on the Matlab GUI designer “guide” which is very user-
friendly, one should consult the appendix, buildgui.pdf, for details. 

 

  
  Figure 21: Peak-pick sample 1. 
 
 Some of the points are picked and some of them are missed. So, we can use the 

manual assist buttons to add peaks, troughs or baseline. After you click on any of these 

buttons, you click on the points you wanted on the second window. For example, I would 

like to add three troughs on the graph. I left-click on the 1st and 2nd troughs and right-

click (it means that you finished your selection) on the final troughs. The graph will be 

refreshed and display the new information. 

 



 27 

 
  Figure 22: Peak-pick sample 2. 

 
Adding peaks and troughs should follow a similar procedure. When you want to 

remove some points from the graph, you follow the same procedure by clicking on the 

“Remove Points” button, left-clicking your selections, and finishing with right-clicking 

your final point. For example, we would like to remove all the peaks from the graph and 

add two baseline points. The new graph should look like the following graph. 

 

 
  Figure 23: Peak-pick sample 3. 
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  Figure 24: Peak-pick sample 4 

 

This is a typical output file format. 
 

 
Figure 25: Peak-pick output file format. 
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Figure 26: Megadac peak-picking GUI. 

IV) Major modifications 

• Manual assisted peaks-picking is added to the program so that operator can easily add 

peaks, troughs and baseline in various situations. The operator can also eliminate 

peaks or troughs that don’t fit the profile after the automatic peaks-picking algorithm. 

• In addition to the normal ASCII files, the program can read the space-delimited files 

generated by the Megadacs. A tab-delimited checkbox is added next to the load 

button to identify this function. 

• A revised version of the development manual and the user manual (rev 1) are 

prepared and submitted.  
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• A backup copy of the software and manuals is ZIPPED and stored under the “work” 

directory of Matlab. They can be used to restore any damaged files of the software or 

distribute the software to other machines. 



 31 

CHAPTER IV – PROPOSED ACTIVITIES AND PROCEDURES 

 

From this MegaDAC calibration project, it is shown that the potential for the use 

of digital signal processing (DSP) software like Matlab is unlimited. The effective use of 

the DSP can facilitate the studies of various civil engineering topics, especially those 

relied heavily on data analysis. It is suggested that the relevant MNDOT personnel should 

be familiar with the software. One may want to consider setting up Matlab training 

sessions designed specifically for the MN/DOT staff in the areas used in civil 

engineering. In addition, many research topics in the intelligent transportation sytem ( 

(ITS) areas will require the interdisciplinary knowledge. The software can be extended to 

use in areas like automatic vehicle identifications and classifications for statistical 

analysis and planning.  

Annual calibration of the Megadacs (static and dynamic) using the new procedure 

should be implemented in the winter/spring of 2002. Starting from the Fall of 1999, many 

efforts had been given for the development of a reliable, efficient, and time-saving 

procedure for the annual calibration, it is essential to use the knowledge and information 

gathered during the period for consistent quality control of the data collection hardware. 

These calibration procedures should also be coupled with qualified technicians to ensure 

the quality of the data collected from the MnRoad site for various research purposes.  
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CHAPTER V 

SUMMARY, CONCLUSIONS AND RECOMMEDATIONS 

 

5.1 Summary  

This Megadac calibration and peak-picking project started in the fall of 2000. All 

the proposed works are finished within schedule. Many different programs and 

procedures are developed over the period. There are also numerous meetings between the 

MnDOT staff and the researchers at the University. The cooperation is productive 

because without the communication between different people, the project would not be as 

successful as it had been.  

  

5.2 Conclusions  

For the static calibration of Megadac, this part of the project started in February of 

2001 and finished in June of 2001. Most of the work is accomplished by a graduate 

student worker from the University. A new static calibration procedure is developed and 

with the addition of new equipment, like a temperature bath. The new procedure is able 

to provide a standard method to ensure hardware quality.  

The peak-picking program is developed continuously starting from the fall of 

2000. Major part of the program is done in January of 2001. The development process is 

rewarding and exciting because it was a problem with various solutions. The bottom line 

is to find a good way to pick out useful information from a recorded data trace. It turns 

out that a compromise version of semi-automatic method is developed and to deemed to 

be useful and efficient. On the one hand, researchers are able to sort out information 

automatically because of the de-noising algorithm. On the other hand, the program gives 

the researchers the ability to pick out additional information manually from the filtered 

data. This kind of compromised solution seems to solve many problems in real life. The 

processed information is then exported and can be stored in the MnDOT main research 

database. Training sessions are also given to train MnROAD researchers on the use of the 

peak-picking software. The software program can be updated and/or revised as different 

requirements arise.  
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Finally, the dynamic megadac calibration took the most time in the project. It 

requires the understandings of the MegaDAC data acquisition hardware and software. 

Since the system was manufactured in 1993, many software programs had become 

obsolete in 2001. It is rather difficult to find reference material to relate to the software 

development. However, it is the way technologies emerge nowadays. Better, easier, and 

faster technologies appear and become obsolete every few years. Nonetheless, it is 

fortunate that we have better systems to coupe with more difficult problems.  

The difficulty of maintaining quality research is that many issues are very time 

sensitive, not only because of the equipment, but also the people originally involved in 

the project. Sometimes because of the length of the research required, the change of 

personnel is unavoidable. The best that one can do is to utilitize current technologies to 

solve current problems. It is my sincere hope that the MnRoad research project will 

flourish and prosper in the years coming.  

 

5.3 Recommendations   

One major improvement of the project is the electronic output of the calibration 

procedure. It is crucial to have these documentations for future reference and quality 

control. It is recommended that the new procedures for the calibration of the dynamic and 

static megadac be implemented so that MnRoad researchers will be able to validate their 

research results with solid documentation. 
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CHAPTER VII 

REFERENCES 

 

All the development tools, manuals and books are included in the file cabinet 

at the MnRoad site. There are numerous printouts and Megadac reference manuals 

from Optim electronics. Operators are encouraged to go through all of them for 

better understandings of the calibration operation. 

-buildgui.pdf (How to build GUI in Matlab using “guide.”) 
 -using_ml.pdf (How to use Matlab in general) 
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