QCMareas – software for quality control and visualization, filtering and statistical calculations.
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Introduction.

The objective of QCMareas software is to provide a set of procedures for the quality control of tide gauge data according to the ESEAS standard protocols. These procedures include checking for unexpected anomalies in the time series, interpolation, filtering, computation of basic statistics and residuals. Data can be flagged for errors, plotted using various types of plots, zoomed, thus helping the researcher to attend and fix faults rapidly. The software runs under operating system Windows 
Files and User Interface.

QCMareas consists of a set of executable files (.exe), libraries (.dll) and one configuration file (.cfg):  QC.exe; rtqc.exe; rtqc.cfg; rtqc.dll; PlotLev.exe; QCStat.exe; BTFilter.dll. No installation is necessary and the programs can be copied and run from any folder of your choice. Three files mfc70.dll; msvcp70.dll and msvcr70.dll from Microsoft Visual C++ compiler are also necessary.
The program “rtqc.exe” provides “near-real-time” control using ESEAS terminology. It has no user interface and all configuration options are set by editing the text file “rtqc.cfg”. This program must be invoked with one obligatory parameter, that is filename or the folder name containing files to analyze. Optional parameters serve to override those given in the configuration file. 
Delayed mode control procedures are called double-clicking the file “qc.exe” having the icon [image: image52.jpg]


. The layout of the main dialogue window is simple: 
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Vertical column with tabs is situated on the left. By default “rtqc” tab is opened. All tab dialogues are opened by clicking the correspondent icons and will be explained later. First and last icons don’t open tab dialogues on the right and are common for other types of actions:
[image: image1.jpg]


This button calls the standard open file dialogue to select text file(s) in QCMareas format and to import it into the program environment.
[image: image35.jpg]


Button “GO” (keystroke F5) starts running processes and is common for three dialogues: “rtqc” (quality control), “filters” and “misc” (interpolation, ...). Button can be greyed (not selectable) if some condition(s) to start process are not fulfilled, due to incompatible parameters and file not opened as most frequent issues.
Menu items “File”, “View” and “Action” are typical and mostly repeat calls made by correspondent buttons of tabs.
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1. Data Quality Control.

[image: image36.jpg]



This first tab serves for data transformation and for quality analysis.

In fact, it’s the user interface for the program “rtqc.exe” that runs with parameters specified in the editable text file “rtqc.cfg”.
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2.1. Transformation and filling gaps.
Sea level heights can be multiplied by the factor given in the box “A” or/and changed depending on the constant value from the box “B”, that is to be subtracted from all the heights. It can be useful to exclude observation errors, linear trends or to produce the desired units.

A=1 and B=0[image: image37.jpg]


 when there is no need in the input data transformation.

Some sea level data may have errors in the form of constant time shift that can be taken into account via the following option, where “m” means minutes, “h”-hours, “d”-days and “p”-number of periods (time steps).:
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If no changes are necessary the value in the box is equal to “0”. Example: if dates need to be shifted 10 minutes to earlier state, then put “-10m” in the box or “-2” (without “p”) in case of time step equal to 5 minutes. 

Thus “-10m” shift would change data in the following way:

Input





Output
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Gaps are filled using parameters introduced in the next group: 
[image: image39.jpg]


“Time step” (5 minutes in the picture on the left) represents the interval of filling and is equal usually to the sampling interval.

“Max step” specifies maximum period of time (gap length) to fill, i.e. all records having gaps shorter than 20 minutes, as shown in the picture, will be filled in with the default or unknown value, normally “-99.9999”, otherwise, gaps greater or equal “Max step” will be linearly interpolated. Additionally you can specify “Valid flags” the operation of filling time gaps is applied for.

So next gap of 15 minutes between 00:05 and 00:20, 
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would be filled differently depending on the “Max step”:

Max step < 15
 (filling with defaults)


Max step >= 15 (linear interpolation) 
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Default or unknown value “V” can be changed via this text box:
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This box is checked if the user wants to sort lines by time of observation in case of time inversion presence.

2.2. Quality control.
Some basic quality control procedures can be performed from the same tab:

· Constant values detection or stability test:
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Here “N” specifies the number of consequent equal data values. If N>5 in the picture on the left, then data (lines) having equal values will be flagged with a corresponding flag.

· Out of range control:
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All sea level data not entering in the interval limited by values of “Min” and “Max” will be flagged with a corresponding flag.

· Spikes (anomalous values) detection:
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Most frequent and simple algorithm recommended by ESEAS was implemented. It consists of checking that the difference of the variable at time t does not exceed a particular tolerance from the value at time t-1. For the tolerance value, if the tide is significant, one can consider the following: tolerance = 2(.amp.dt/720, where amp is the amplitude of the tide and dt the time interval, and for non tidal data, tolerance = 0.58 *3(*( dt.
Next piece of configuration file “rtqc.cfg” corresponds to the conditions shown in the picture above and clarifies the functioning of the algorithm:
# SPIKE1: Time-consecutive check (delta-check)

# dv[-1] > T1 AND dv[+1] > T2 AND ( (v[-1] < v AND v[+1] < v) OR (v[-1] > v AND v[+1] > v) ) 

# T1 = SPIKE1_k * SPIKE1_amp * SQRT( t-t[-1] )

# T2 = SPIKE1_k * SPIKE1_amp * SQRT( t[+1]-t )

# SQRT - square root function


SPIKE1_enable 

NO

#  'NO' - disabled 'YES' - enabled


SPIKE1_flag

4

# numerical flag for SPIKE1 algorithm


SPIKE1_k


1.74

# SPIKE1 gain = 0.58 * 3

# SPIKE1_amp
 set S or value

#
SPIKE1_amp 

1.4


SPIKE1_amp 

S
# amp = SQRT( ((Vi-M)^2)N ); i=[ t-SPIKE1_period .. t+SPIKE1_period]


SPIKE1_period

1440
# period for SPIKE1 (minutes +/-) (set '0' for global check)

# SPIKE2: Time-consecutive check (delta-check)

# dv[-1] > T1 AND dv[+1] > T2 AND ( (v[-1] < v AND v[+1] < v) OR (v[-1] > v AND v[+1] > v) ) 

# T1 = 2 * Pi * SPIKE2_k * SPIKE2_amp * ( t-t[-1] ) / 720

# T2 = 2 * Pi * SPIKE2_k * SPIKE2_amp * ( t[+1]-t ) / 720


SPIKE2_enable 

YES

#  'NO' - disabled 'YES' - enabled


SPIKE2_flag

4

# numerical flag for SPIKE2 algorithm


SPIKE2_k


1

# SPIKE2 gain = 1

# SQRT - square root function

# SPIKE2_amp
 set S or value

  #
SPIKE2_amp 

1.4


SPIKE2_amp 

S
# amp = SQRT( ((Vi-M)^2)N ); i=[ t-SPIKE2_period .. t+SPIKE2_period]


SPIKE2_period

1440
# period for SPIKE2 (minutes +/-) (set '0' for global check)
2.3. Flags.

ESEAS recommended single character qualifying flags table (shown below) is used implemented in the program for flagging time series of sea level data during quality control and transformation operations.

	ESEAS FLAGS
	 Mandatory

	0 - no quality control 
	No

	1 - correct value
	Yes

	2 - interpolated value
	Yes

	3- doubtful value
	 No

	4- isolated spike or wrong value
	Yes

	5 - correct but extreme value  
	 No

	6 - reference change detected 
	 No

	7- constant values for more than a defined time interval
	 No

	8 - out of range
	 No

	9- missing value 
	Yes


However ESEAS table was slightly extended for better adaptation with quality control and transformation tools used at IEO with data presented in QCMareas format. 
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Flags values are configurable and can be changed at any moment.

The flag for “Strange characters” is added to flag lines containing ‘strange’ characters in numerical fields. This control is always performed before other operations with data.
2. Filtering.

Butterworth filter of 4-th order is used for data filtering.
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Filter Tab is called pushing this icon on the left column.
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Filtering algorithm is implemented in the following way:
1. Lines having flags marked in “Remove flags” are omitted from calculations.
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2. Linear interpolation with the period specified in “Base period” is performed for the whole time serie.
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3. Optionally, if the file “tide” is selected, the operations 1 and 2 are applied for that file and the correspondent values of the time serie are subtracted from tide.
[image: image46.jpg]=



File with tidal heights prediction is chosen using standard file open dialogue.
4. Filtering is performed if the value given in the group “Period” is greater than value, introduced in the box “Base period”. Otherwise the button “GO” is deactivated. “Period” is related with the Butterworth filter cut frequency, where Hour=60(min), Day=24(hour), Month=30(day).
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5. Tide values in the correspondent time points (if “tide” was selected before) are added to filtering results.
6. If text box “Mean period” is not empty, then moving average filtering is done, i.e. every value is changed to the average of raw [ t – m/2 , t + m/2 ], where “m” is mean period.

7. “Time Shift” is the shift with respect to “Period”. “Time Shift” must be less than “Period” and multiple to “Base period”. For example:
“Period”=Day, “Mean period”=6h, “Time Shift”=0; => results will be aligned to midnight (00:00)

“Period”=Day, “Mean period”=6h, “Time Shift”=12h; => results are aligned to midday (12:00).

3. Miscellaneous.
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This tab contains three tools to perform some useful operations with time series.
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3.1.  Linear interpolation.

This tool provides an easy and flexible way to fill gaps in time series with the specified “Period” in minutes and for the intervals under “Max Period”. Additionally, you can choose flags of time and data, where the interpolation is to be performed.

Next example shows such typical conditions: we want to fill gaps (if any) of the length under one half an hour with the period of five minutes and taking into account only the lines with the flag “3” of time:
[image: image18.jpg] Linear nterpolation

Period (mint=s) 5 ¥ Use time flags

I~ Use data flags.
i [ O I 2 9B 4T
sl” e 7 sl ol





Results would be as follows:

Input





Output
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Lines in Input having flags of time equal to “3” were deleted, then two lines with time 00:20 and 00:25 were inserted, sea level data for these lines were linearly interpolated and finally the flags for both time and data were changed to “2” (interpolated).

Next sample of Input/Output shows results of interpolation for lines with the flag “2” in data values.

Input





Output
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You may see that, apart of adding two lines corresponding to hours with minutes 00:10 and 00:15, the value of sea level for the line marked in inversed colour was changed from 2.6300 to 2.6325. It’s a correct behaviour, because this line was also deleted and then inserted as the result of interpolation between neighbouring lines with the values 2.7000 and 2.6100 in sea level column.

3.2.  Change flags.

You can change existing flags to a new value. Operation can be performed separately for data, time flags or both simultaneously.
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Example above shows that all lines having flags “8” and “9” in data and time must be changed to “0”.
3.3.  Residuals
It’s possible to calculate residuals between two series at the correspondent and overlapping time periods.
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After selecting two files loaded into program cache and clicking the button GO the following dialogue appears:

[image: image48.jpg]


The suggested name of block with calculation results is composed by the letters “res” (from residuals) and of current date and time in the format yymmddhhmn, where mn-minutes. At the same time the user can export the remainders to file and send them to any specified FTP. Results (the block “res...”) are kept in the cache and can later be plotted or used for further analysis, as any other item if the cache list.
4. Statistics.
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Statistics dialogue window appears after clicking this button in QCMareas tabs column or after running the file “QCStat.exe” as separate application.
All dialogue controls are self-explanatory. In the upper window you can load or remove files for analysis. Bottom window fills with the names of files from the upper window after those were processed. 
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One can check boxes “Hour”, “Day” and “Month” for a desired statistics calculation.

Output file has 5 columns separated by tabulations, where first column is the start of time period; second and third columns are the time and value of minimum for that period, fourth and fifth columns – of maximum:

[image: image26.jpg]2004-01-01-00:00» 2004-01-01-17:00» 1.640000» 2004-01-01-10:00» 3.1000009
2004-01-02-00: 005 2004-01-02+05:00» 1.660000» 2004-01-02-00:00» 2.5200001
N-2.3300005  $=0.4665009





Last line has always two values - mean and standard deviation of all means and standard deviations calculated from the analyzed periods.

Output files created by QCStat have names of the input files with added “.stat_hour”, “.stat_day” and “.stat_month” extensions.

5. Plots.

Time series imported and newly created after calculations (even not saved) can be plotted by standalone PlotLev program called by button Plots:

[image: image50.jpg]


If PlotLev is called from QC, all time series listed and viewed in the tab “Data” are passed and displayed in PlotLev.
This program is derived from PlotSer program of QCDAMAR software and can present data on the screen in for of several types of graphics - as one window, superposed, multi serie, multi window, vectors and vectors ring.
Below you may see the graphic of sea level heights before filtering and QC:
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And next figure is an example of superposed graphics of sea levels with gaps after QC and filtering results. Note changes in the curve colour conforming to the flags. Missing or default values are shown with thin horizontal line.
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Graphics presentation can be changed between dots, lines and splines by selecting the correspondent menu item:
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Splines plotting method PolyBezier from the standard Microsoft libraries MFC and Windows GDI is used. This is the description of the method from MS documentation:
The Polybezier function draws cubic Bézier curves by using the endpoints and control points specified by the lppt parameter. The first curve is drawn from the first point to the fourth point by using the second and third points as control points. Each subsequent curve in the sequence needs exactly three more points: the ending point of the previous curve is used as the starting point, the next two points in the sequence are control points, and the third is the ending point.
“Vectors” (this name is the heredity from PlotSer used for currents also) type of graphic can show residuals of two selected time series:
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“Vectors ring” type of plot was added to plot vectors presented as values and angles that are loaded from a previously prepared text file.
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Input text files have 5 columns separated by tabulations:
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In the first column dataset name is repeated in each line till the next dataset is started. Second and third columns are not used in plotting and usually contain information important to the user, p.e. start and end of time period a harmonic constant was calculated for. Fourth and fifth columns are vectors length and angle.

Vector representation is useful mainly to observe variations of the harmonic constants (amplitudes and phases) obtained after tidal analysis. It helps to choose adequate harmonic constants for tide prediction (provided they are computed for nearly complete years) and to select only the mean of those constituents which do not present variability that is over a fixed and reasonable tolerance.
Next figure is the plot of the text file data shown above:
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Blue circle radius is equal to the maximum radius found (9.100 in this case), the mean vector for the vectors of the different years and the values of mean amplitude and phase are drawn in red.
Finally, it’s necessary to mention, that in order to obtain the “Vectors ring” type of plot, you should run “PlotLev.exe” as standalone application (not from within “QC.exe”) and to load vectors text files with the standard Open File dialogue.

6. Data.
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Data window is the most frequently used in the program. When you load data from files or obtain calculation results all can be viewed in this window.
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Selecting any list member on the left, its content is reflected on the right.

The upper member is the one that serves as input for further operations. The results or output after any action (p.e. QC or filtering) appear in the first line of the list.

It is possible to change the order with “Up” and “Down” buttons that can be very useful when you want to obtain results from the same input but with different combination of parameters.

Data blocks (list members) can be removed with “Remove” button or saved to a file with “Export” button.

