Taurus Unit Testing Procedure for NGRI
1.0
Introduction
This document is intended to outline a series of tests to confirm the operational status of the Taurus portable seismograph for the National Geophysical Research Institute (Hyderabad, India) in accordance to their standards certification.
The tests and test objectives are shown in Table 1.
For each test, a list of equipment required is provided with a test procedure and a template data test sheet.

Table 1.
	#
	Test
	Objective
	Pass Criteria

	1
	24-bit ADC and Dynamic Range Verification 
	To measure the dynamic range of the Taurus.
	Better than 23-bit.

Better than 138 dB.

	2
	Sampling Rate
	To measure the maximum sampling rate of 250 sps.
	250 sps.

	3
	System Noise
	To determine the system noise performance of the Taurus.
	Better than 1 count RMS.

	4
	Anti Aliasing
	To measure the performance of the anti-aliasing filter.
	Better than 
18 dB/octive roll off.

	5
	Channel-to-Channel Skew
	To measure the timing accuracy between all 3 channels.
	0 ms.

	6
	GPS Receiver Accuracy
	To measure the accuracy of the GPS receiver timing system
	Better than 0.1 ms.

	7
	VCXO Accuracy
	To measure the free running VCXO accuracy.
	1 ppm.

	8
	System Sensitivity
	To verify that the system sensitivity is within a percentage of error.
	Better than 2 %.


2.0 Test 1: 24-bit ADC and Dynamic Range Verification.
2.1 Equipment List

To perform this test, you will require the equipment in the following list:

· 1 x Taurus

· 1 x PC with web browser.

· 1 x Shorting Plug

· 1 x Calibration Loop-back Plug

2.2 Procedure

1. All steps can be performed with both the internal or external browsers.

2. Record the time, date and serial number of the Taurus unit.

3. Power the Taurus for normal operation.  Ensure that it is recording to the removable media and that it has GPS lock.

4. Configure the Taurus to 100 sps, 40 V peak-to-peak, unity software gain and no dc removal.
5. Connect the Shorting Plug to the sensor port.

6. Go to page Waveform.

7. Configure the Waveform page to view all 3 channels with a 60 second timing window.

8. Allow the system to settle for 5 minutes.

9. Record the AC counts value for each channel on the waveform display in the test sheet.
10. Remove the Shorting Plug from the sensor port.

11. Connect the Loop-back Plug to the sensor port.

12. Configure the Taurus to 100 sps, 40 V peak-to-peak, unity software gain and no dc removal.

13. Configure sensor control lines 4, 5 & 6 to Ch1, Ch2 & Ch3 Cal Enable respectively.
14. Configure the Calibration signal with the following settings:

· Calibration Type = SINE

· Channel 1 = Enable

· Channel 2 = Enable

· Channel 3 = Enable

· Attenuation = 1

· Amplitude = 2

· Wait Time = 0

· Ramp Duration = 0

· Duration = 300

· Frequency = 1

· Pulse Duration = 1000 (does not apply for SINE input)

· Unit Pulse Width = 1000 (does not apply for SINE input)

15. Go to page Sensor.
16. Click on Start to begin the calibration.
17. Go to page Waveform.

18. Configure the Waveform page to view all 3 channels with a 60 second timing window.  You will see the calibration signal that was applied.

19. Allow the display to collect waveform data for 2 minutes.
20. Record the AC counts value for each channel on the waveform display in the test sheet.
2.3 Test Sheet

Date (yyyy/mm/dd):
________________

Time (hh:mm):

________________

Taurus Serial Number:
________________
Shorted Input Test:
Channel 1:

(1) Measured RMS AC count:
________________  counts

Channel 2:

(2) Measured RMS AC count:
________________  counts


Channel 3:

(3) Measured RMS AC count:
________________  counts


Calibration / Loop-back Test:

Channel 1:

(4) Measured RMS AC count:
________________  counts


Channel 2:

(5) Measured RMS AC count:
________________  counts


Channel 3:

(6) Measured RMS AC count:
________________  counts
Dynamic Range Calculations:

(7) Ch 1 Dynamic Range = -20 * log ( Line (1) / Line (4) ) = ____________ dB

(8) Ch 2 Dynamic Range = -20 * log ( Line (2) / Line (5) ) = ____________ dB

(9) Ch 3 Dynamic Range = -20 * log ( Line (3) / Line (6) ) = ____________ dB



Dynamic Range Pass or Fail:
________________  

(Pass if values for Line (7), (8) and (9) are better than 137 dB)


Number of bits per Channel Calculations:


(10) Ch1 Bits = ln ( Line (4) * 1.414 ) / ln (2) = ______________ bit



(11) Ch2 Bits = ln ( Line (5) * 1.414 ) / ln (2) = ______________ bit



(12) Ch3 Bits = ln ( Line (6) * 1.414 ) / ln (2) = ______________ bit



ADC Bit count Pass or Fail:
________________



(Pass if values for Line (10), (11) and (12) are better than 22.5-bit)

3.0 Test 2: Sampling Rate

3.1 Equipment List

To perform this test, you will require the equipment in the following list:

· 1 x Taurus with GPS antenna.
· 1 x PC with web browser.

3.2 Procedure

1. All procedures should be performed using an external browser.

2. Record the time, date and serial number of the Taurus unit.

3. Power the Taurus for normal operation.  Ensure that it is recording to the removable media and that it has GPS lock.
4. Configure the Taurus to communications mode.  Re-start if necessary.

5. Configure the Taurus to 250 sps, 40 V peak-to-peak, unity software gain and no dc removal.

6. Allow data to be collected for 30 seconds.

7. Go to Data Retrieval page.

8. Download Time Series data in ASCII format on all 3 channels for an available 10 seconds during the 30 seconds time interval in step 6.

9. Once the file has been downloaded, open it with a text editor.
10. From the first header, record the Start Time, End Time and Number of Samples.

3.3 Test Sheet

Date (yyyy/mm/dd):
________________

Time (hh:mm):

________________

Taurus Serial Number:
________________



ASCII File name:

________________



ASCII Header Information:



(1) Start Time:

________________


(2) End Time:

________________



(3) Number of Samples:
________________



Calculation:



(4) Time Duration = Line (2) – Line (1) = 
_________________ seconds



(5) Number of samples = Line (4) * 250 =
_________________ samples



Sampling Rate Pass or Fail:  ________________

(Pass if the number of samples (rounded up to the nearest integer) in Line (5) equals 

Line (3)).

4.0 Test 3: Anti-Aliasing

4.1 Equipment List

To perform this test, you will require the equipment in the following list:

· 1 x Taurus with GPS antenna.

· 1 x PC with web browser.

· 1 x Processing software with FFT analysis
· 1 x signal generator
· 1 x oscilloscope

4.2 Procedure

1. All procedures should be performed using an external browser.

2. Record the time, date and serial number of the Taurus unit.

3. Power the Taurus for normal operation.  Ensure that it is recording to the removable media and that it has GPS lock.

4. Configure the Taurus to communications mode.  Re-start if necessary.

5. Configure the Taurus to 100 sps, 40 V peak-to-peak, unity software gain and no dc removal.

6. Configure the signal generator to output a 0.5 V peak amplitude sine signal at a frequency of 100 kHz.
7. Verify the signal with an oscilloscope.

8. Apply the signal generator output to pin U (Ch1+) and pin C (Ch1-).

9. Go to page Waveform and observe the generated signal.

10. Collect data for 30 seconds.
11. Retrieve the data for this duration and perform a FFT analysis plot.
12. Apply the same signal generator output to pin A (Ch2+) and pin S (Ch2-).

13. Go to page Waveform and observe the generated signal.

14. Collect data for 30 seconds.

15. Retrieve the data for this duration and perform a FFT analysis plot.
16. Apply the same signal generator output to pin a (Ch3+) and pin P (Ch3-).

17. Go to page Waveform and observe the generated signal.

18. Collect data for 30 seconds.

19. Retrieve the data for this duration and perform a FFT analysis plot.
4.3 Test Sheet

Date (yyyy/mm/dd):
________________

Time (hh:mm):

________________

Taurus Serial Number:
________________



Oscilloscope Measurements:



Sine wave peak amplitude:
_______________ volts



Sine wave frequency:

_______________ kHz



Channel 1:



Filename and location for Channel 1 data:
_________________________



FFT Analysis Plot:
[  ] Attached
[  ] Not Attached


Channel 2:



Filename and location for Channel 1 data:
_________________________



FFT Analysis Plot:
[  ] Attached
[  ] Not Attached



Channel 3:



Filename and location for Channel 1 data:
_________________________



FFT Analysis Plot:
[  ] Attached
[  ] Not Attached



Anti-Aliasing Pass or Fail:

__________________



(Pass if there are no 100 kHz frequency components in the FFT analysis plot).

5.0 Test 4: Channel-to-Channel Skew

5.1 Equipment List
To perform this test, you will require the equipment in the following list:

· 1 x Taurus with GPS antenna.

· 1 x PC with web browser.

· 1 x data analysis software 

5.2 Procedure

1. All procedures should be performed using an external browser.

2. Record the time, date and serial number of the Taurus unit.

3. Power the Taurus for normal operation.  Ensure that it is recording to the removable media and that it has GPS lock.

4. Configure the Taurus to communications mode.  Re-start if necessary.

5. Connect the Loop-back Plug to the sensor port.

6. Configure the Taurus to 100 sps, 40 V peak-to-peak, unity software gain and no dc removal.

7. Configure sensor control lines 4, 5 & 6 to Ch1, Ch2 & Ch3 Cal Enable respectively.

8. Configure the Calibration signal with the following settings:

· Calibration Type = SINE

· Channel 1 = Enable

· Channel 2 = Enable

· Channel 3 = Enable

· Attenuation = 1

· Amplitude = 2

· Wait Time = 0

· Ramp Duration = 0

· Duration = 300

· Frequency = 1

· Pulse Duration = 1000 (does not apply for SINE input)

· Unit Pulse Width = 1000 (does not apply for SINE input)

9. Go to page Sensor.

10. Click on Start to begin the calibration.

11. Go to page Waveform.

12. Configure the Waveform page to view all 3 channels with a 30 second timing window.  You will see the calibration signal that was applied.

13. Allow the display to collect waveform data for 10 seconds

14. Retrieve the data for this duration and view the sampling points with an analysis software.

15. Compare the first peak of the triangular wave across all three channels to ensure the sample of the peak amplitude captured has the same time stamp across all three channels.

5.3 Test Sheet

Date (yyyy/mm/dd):
________________

Time (hh:mm):

________________

Taurus Serial Number:
________________



Screen capture filename and location: 
_____________________



Filename and location of Taurus data:
_____________________



Channel 1:



(1) 1st Peak amplitude sampling time:
______________________



Channel 2:



(2) 1st Peak amplitude sampling time:
______________________



Channel 3:

(3) 1st Peak amplitude sampling time:
______________________



Channel-to-Channel Skew Pass or Fail:   
______________________



(Pass if the difference between lines (1), (2) and (3) is zero).

6.0 Test 5: GPS Receiver Accuracy

6.1 Equipment List

To perform this test, you will require the equipment in the following list:

· 1 x Taurus with GPS antenna.

6.2 Procedure

1. All procedures should be performed using the internal browser.

2. Record the time, date and serial number of the Taurus unit.

3. Power the Taurus for normal operation.  Ensure that it is recording to the removable media and that it has GPS lock.

4. Go to page Timing.

5. Record the Timing Uncertainty value.

6. Record the Timing Error value.

6.3 Test Sheet

Date (yyyy/mm/dd):
________________

Time (hh:mm):

________________

Taurus Serial Number:
________________



Time Uncertainty:
________________ (please include the units)



Time Error:

________________ (please include the units)



GPS Accuracy Pass or Fail:
__________________


(Pass if Time Uncertainty is less than 1 ms).

7.0 Test 6: VCOXO Accuracy

7.1 Equipment List

To perform this test, you will require the equipment in the following list:

· 1 x Taurus with GPS antenna.

7.2 Procedure

1. All procedures should be performed using the internal browser.

2. Record the time, date and serial number of the Taurus unit.

3. Power the Taurus for normal operation.  Ensure that it is recording to the removable media and that it has GPS lock.

4. Go to page Timing.

5. Record the Time Uncertainty value.

6. Disconnect the GPS cable from the Taurus.  Record the time.

7. Go to page Timing.

8. Allow the Taurus to operate without GPS for 5 minutes.

9. Record the Time Uncertainty and Time Error values after 5 minutes.

10. Re-connect the GPS cable to the Taurus.  Record the time.

7.3 Test Sheet

Date (yyyy/mm/dd):
________________

Time (hh:mm):

________________

Taurus Serial Number:
________________



(1) Time Uncertainty (with GPS lock):
___________________ seconds



(2) GPS Disconnect Time (hh:mm:ss):
___________________



(3) Time Uncertainty (after 5 minutes):
___________________ seconds



(4) Time Error (after 5 minutes):

___________________ seconds



(5) GPS Re-connect Time:


___________________



VCOXO Accuracy Calculation:



(6) Time Duration = Line (5) – Line (2) = ____________________ seconds



(7) Actual Time Uncertainty = Line (3) – Line (2) = ____________ seconds



(8) Drift rate = Line (7) / Line (6) =          ____________________


VCOXO Accuracy Pass or Fail:
__________________



(Pass if the value of Line (8) is less than 1 * 10-6 seconds)

8.0 Test 7: System Sensitivity

8.1 Equipment List

To perform this test, you will require the equipment in the following list:

· 1 x Taurus

· 1 x PC with web browser.

· 1 x Calibration Loop-back Plug

8.2 Procedure

1. All steps can be performed with both the internal or external browsers.

2. Record the time, date and serial number of the Taurus unit.

3. Power the Taurus for normal operation.  Ensure that it is recording to the removable media and that it has GPS lock.

4. Configure the Taurus to 100 sps, 4 V peak-to-peak, unity software gain and no dc removal.

5. Configure sensor control lines 4, 5 & 6 to Ch1, Ch2 & Ch3 Cal Enable respectively.

6. Configure the Calibration signal with the following settings:

· Calibration Type = SINE

· Channel 1 = Enable

· Channel 2 = Enable

· Channel 3 = Enable

· Attenuation = 1

· Amplitude = 2

· Wait Time = 0

· Ramp Duration = 0

· Duration = 300

· Frequency = 1

· Pulse Duration = 1000 (does not apply for SINE input)

· Unit Pulse Width = 1000 (does not apply for SINE input)

7. Go to page Sensor.

8. Click on Start to begin the calibration.

9. Go to page Waveform.

10. Configure the Waveform page to view all 3 channels with a 60 second timing window.  You will see the calibration signal that was applied.

11. Allow the display to collect waveform data for 2 minutes.

12. Record the AC counts value for each channel on the waveform display in the test sheet.

8.3 Test Sheet

Date (yyyy/mm/dd):
________________

Time (hh:mm):

________________

Taurus Serial Number:
________________

Channel 1:

(1) Measured RMS AC count:
________________  counts


Channel 2:

(2) Measured RMS AC count:
________________  counts


Channel 3:

(3) Measured RMS AC count:
________________  counts


System Sensitivity Calculations:

(7) Ch 1 Recorded Input = ( Line (1) * 1.414 ) / 4,000,000 = ____________ volts

(8) Ch 2 Recorded Input = ( Line (2) * 1.414 ) / 4,000,000 = ____________ volts
(9) Ch 3 Recorded Input = ( Line (3) * 1.414 ) / 4,000,000 = ____________ volts


Percentage of Error:



(10) Ch1 System Sensitivity Error = 100* ( ( 2 – Line (7) ) / 2 ) = ___________ %



(11) Ch2 System Sensitivity Error = 100* ( ( 2 – Line (7) ) / 2 ) = ___________ %



(12) Ch3 System Sensitivity Error = 100* ( ( 2 – Line (7) ) / 2 ) = ___________ %



System Sensitivity Pass or Fail:
________________  

(Pass if values for Line (10), (11) and (12) are less than or equal to 1%)
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