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Mission

This document describes the structure and function of the Acquisition Manager in the Waters 487 Tunable UV Absorbance Detector. Classes and Algorithms are described in enough detail to proceed with implementation

Scope

The function of the Acquisition Manager is to coordinate the control of hardware necessary to acquire absorbance measurements at selected parameters and configuration. The fundamental job of the TUV is to acquire information and make it available to another entity, whether that be an operator at the front panel, a data system connected via IEEE bus or a chart recorder connected to the analog outputs.  The Acquisition Manager, as its name implies, is responsible for gathering information. In order to do this, it must have control over the physical properties of the acquisition subsystems which would include lamp function, wavelength tuning, filter choice, etc.

Definitions and Acronyms

Positioner	A collection of an actuator (e.g., a motor or solenoid) and one or more sensors that collectively controls the motions of a single hardware entity.  The set of hardware and software that moves and positions the needle is an example.



Transducer	The combination of the front end PLD circuitry and an HI7190 A/D converter is referred to as a Transducer. The term A/D converter is used when referring only to the HI7190. 



Lamp	Deuterium Lamp



TUV	Tunable UltraViolet absorbence detector



Grating	A positioner which moves the optical grating allowing variable wavelength settings on the TUV487



Optical Filter	A position which moves erbium doped filters and shutters in the path of the beam in the TUV487.

References

MRD - Waters 487 Tunable UV/Vis Absorbance Detector by B. Farrar

Waters 487 TUV Functional Specification by J. Heden

Component Detailed Design by P. Lamere

Positioners, Motors and Sensors by P. Lamere

Lamp Detailed Design by J. Beck

Transducer Detailed Design by P. Lamere

Grating Detailed Design by D. Lamborghini

Context



Context Diagram
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Hardware Interfaces

Concurrent Device Control

It is expected that both the Optical Filter positioner and the Grating positioner will be able to be moved at the same time. Both are driven by the TPU by TSM function. In Dual Wavelength mode, the control of the acquisition (ie. the positioners and transducers) must be tightly coordinated in order to achieve sampling rate and noise suppression targets. (See Theory of Operation)

Hardware Interfaces

The  Acquisition Manager uses these lower-level software entities: 



Lamp

Grating

Optical Filter

Sample Transducer

Reference Transducer



These insulate the Acquisition Manager from all direct contact with hardware.  

Performance Requirements

All operations must be capable of completing within 1 second. Operations requiring more than 1 second must be interruptable. See the controller detailed design.

System States 

Single Wavelength, Dual Wavelength, Homing, Calibrating, Scanning, Unknown

Services Provided



Function�Description��Status Reset(void)

�Reset hardware��Status Hookup(void)

�Acquire pointers to HIO’s	

��Status GoIdle(void)�Check calibration status here

��Status GetState( void )

�Return Acquisition Manager Status

��Status Home( void )

�Home the Grating

Home the Optical Filter

Reset the Transducers

Acuire DC offset from Dark Current

Check Grating calibration

Check Gain Settings

��Status Calibrate();	�Calibrate the system��Status SetWaveLength(int lambda1, int lambda2)�Set the wavelengths��Status GetWaveLength(int *value)�Get the current wavelength setting��Status SetFilter(int position)�Set the Optical filter to one of four positions:

Pass Through

Dark (shutter)

Calibration Filter

Low Pass Filter

��Status StartAcquisition()�Begin sample acquisition��Status SuspendAcquisition()�Stop acquisition��Status SetMode(AcqMode mode)�Set the acquisition mode: single or dual��Status GetLogRatio(int which, float *ratio)�Get the current log ratio?? AUFS??��Status GetData(AcqManData *data)�fill a struct with current AcqMan data��

�Status Entry(void)

{

.

.

Pend(AccessMailbox);



switch (mode)

{

	Idle:

		DoNormalAcquire();

		break;



	Configure:

		Pend(AccessMailBox);

		break;



	Scan:

		DoScan();

		break;



	Calibrate:

		DoCalibrate();

		break;

	default:

		mode = Idle;

		break;

   }

.

.

}



�Theory of Operation

Key Design Considerations



The function of the Acquisition Manager is to provide timely data about the sample currently in the flow cell. It is the responsibility of the AcqMan
 to setup transducers, Grating and the 
Optical Filter to achieve the highest accuracy and precision of data.  The 487 will allow a single and a dual wavelength mode and a spectrum scanning function.



Algorithms



The following algorithms are critical to the operation of the 487 TUV:



Initializing A/D converters

Reading the dark current

Lighting the lamp

Homing the Optical Filter

Home the Grating (using the home sensor) 

Determining Location of 656 nm

Finding the system gain

Removing system offset

Calibration test and limits

Single wavelength acquisition

Dual wavelength acquisition

Scanning





System Initialization



At power up, the system is initialized using the following sequence of events:



Initialize the A/D converters

Read the dark current

Light the D2 lamp. 

Home the Grating (using the home sensor) 

Home the Optical Filter

Determine the location of 656 nm

Adjust the system gain

Remove system offset

Test Calibration



Failure of any of these steps results in an unusable system.


�
Algorithms

Initializing A/D converters

The following steps are performed during the power up 
to 
initializ
e
 the transducers:



Send a reset pulse to the PLD. This also resets each of the HI7190’s

The filter rate or code is set for each of the reference and sample transducers. 

The filter rate is set for the desired operation (10 Hz or 100 Hz) and the new value is written to the control register. Initially, this is set for 100 Hz operation.

Self-Calibrate operation is performed on each of the A/D converters. 

The filter rate code for 100 Hz operation is 1950. 

The filter rate code for 10 Hz operation is 195. 

Reading the dark current

Prior to lighting the lamp, the dark current must be acquired for use in homing the Optical Filter Wheel. The reference transducer is read with the Lamp off. This value is stored in a member variable for use in homing the optical filter.

Lighting the lamp


The lamp lighting algorithm is described in the Lamp Detailed Design by J. Beck. Lamp warm-up time prior to continuing initialization of the AcqMan is TBD. 

Homing the Optical Filter



The Optical Filter positioner has no home sensor and relies on
 the 
presence or absence of light energy to 
characterize the 
position of the filter wheel. 
 T
hus, the dark level must be 
read before
 the lamp is lit. The filter is then moved through 
a sequence of positions until it
’
s relative position can be recognized.
 
Optical Filter directions are set so that movement in a positive direction rotates the filter wheel Clockwise past the light path from the order filter to the shutter position. Negative movement rotates the filter counter clockwise from the shutter position to the second order position.
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At power up, the position of the optical filter is unknown. All energy readings are taken from the reference transducer during the homing operation. Transitions from dark level to anything above dark level plus 5000 counts indicates a region which passes light.  Several initial conditions must be met to home the optical filter:



The dark level must be acquired before the lamp is lit.

The lamp must be lit and the transducers must be set for 100 Hz operation. 

The grating is moved to a step position which best estimates 520 nm where there will be ample energy to differentiate between filter wheel positions.



The homing sequence begins by moving a maximum of 12 steps in the Negative direction until Light is encountered. If no light is found,  ERR_BAD_FILTER is returned.



Next, the shutter position is determined by finding a region in the positive direction where the reference level stays dark for 4 continuous steps. It is possible to find dark regions between the other positions on the filter wheel. Locating the shutter involves a maximum of three tries of the following operation.



Move a maximum of 16 steps until 1 dark reading is taken.

Move a maximum of 3 more steps until 1 light reading is taken.

If the reading is still dark on the 3 step, the shutter is found. Stop.

If light is seen before the 3rd step, repeat this sequence.



Once the shutter is found, the optical filter is moved 2 steps in the negative direction and tested for darkness to verify the shutter position. If still dark, the homing process continues. If the shutter is not found, ERR_BAD_FILTER is returned.



With the optical filter at the shutter position, the motor is moved 12 steps in the negative direction.  This is registered as the NONE position. The optical filter is then stepped through each of the 12 steps of the filter range acquiring a reference energy at each step and storing it in an array.  The order filter is then determined to be the highest value above dark in the range of 2 to 6 steps. If no energy above dark is found, ERR_BAD_FILTER is returned. The erbium filter position is found in a similar manner between steps 6 and 10. If all points are properly found, they are registered in the optical filter’s position map. The optical filter is left in the NONE position (position 0).

Determining the Location of 656 nm

The step position of the 656 nm Deuterium peak is found by scanning a range using only the sample transducer and using the peak detection algorithm described in section 
6.9
.  



Approximately 1117 steps are required to move between 190 nm and 700 nm. The 656 nm peak should be 110 steps before 700 nm. With a maximum range of 1250 steps before hitting the stop, we can search for the 656 nm peak between steps 1007 and 1140. The 
range f
or searching is currently set at
 1000 - 1100 steps.



The calibrating requires a forward and reverse determination of the 656 nm peak. The scan is performed in both directions and the step positions are stored as floating point values are determined by the peak detection algorithm. All other calibration points are measure relative to these peaks.

Finding the system gain

The optimum gain of the system is determined by locating the point of greatest reference energy and adjusting the integration time of the front end amplifier until the readings are at 90 percent of full scale. The point of greatest reference energy is found by scanning a range of steps that begins at 914 steps less than measured 656 nm peak and extends to 854 steps less than the measured 656 nm peak (a 60 step range covering approximately 210 to 240 nm). 

Once positioned at the peak, the gain is increased by 10 until we overshoot the target. The gain is then reduced by 1 until we are just under the target level.
 The gain is then
 r
educed until it becomes an
 integer multiple of the 
A/D filter rate
. Using an integer multiple 
reduces the noise in the front end 
electronics.







�



Removing system offset


The system offset is removed internally in the
 A/D converters to maximize their usable range. 
This
 
adjustment 
removes 
offsets contributed by the electronics and 
the
 
A/D converters. 
The adjustment is performed 
only after the optical filter is homed and the system gain is adjusted. The system offset must also be readjusted each time the
 A/D filter rates are changed
 (ie. Every time we change from 100 
Hz to 10 Hz operation and back) or when the 
system gain is changed
.




To set the system offset, the optical filter is placed in the shutter position and the system offset calibration routine is run on each A/D converter. (see the Transducer Detailed design for details on this operation). On completion, the optical filter is placed back in the 
NONE
 position.


�
Acquisition Manager States

The Acquisition Manager is a Thread. Once launched, the work done by the thread is directed through the AcqMan interface by signaling changes to parameters or operating modes. Thus the AcqMan has several states of operation which can be modified as needed by users of its services.
 The three states of thread operation a
re Idle, Single and Dual.
 Single and Dual mode operation are described later in this document. Idle is a special ca
se used to 
continue 
delivering 
data at the specified time base while the Acquisition Manager is busy honoring a request to 
change parameters or mode.
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Idle 




While 
in Idle
, the 
Acquisition thread 
continues to post the last available reading to the external datavars
 while continuing to respond to interrupts. In this way the time bas is preserved while blocking invalid data.





Single Wavelength Mode




When in Single wavelength mode
,
 energy samples are continuously collected and made public. 
Samples are acquired at the sampling rate of the
 
Transducers (10 Hz)
.
 
The QSPI is preloaded with all operations needed to read data from the A/D converters.





Single wavelength 
sample acquisition sequence:�


Pend on the ISR event which signals that data is waiting to be read from the A/D converters.


Start the QSPI ( 64 bits of transfer at a transmission rate of 1 MHz)


Poll the QSPI until the queue finished bit is set ( < 100 
microseconds
)


Read the QSPI registers for sample and reference


Export using datavars






Dual Wavelength Mode

	

In Dual wavelength mode the grating must be positioned to each wavelength and a sample acquired. This process involves moving 
the 
grating to the new setting as well as settling time for the electronics and digital filters on the A/D converters. Use of the optical filter must also be factored in when crossing the 370 nm boundary (if indicated by the user). All of the steps necessary to make the next wavelength sample available require certain minimum times that limit the effective sampling rate in the dual wavelength mode.  




Dual wavelength sample acquisition sequence:�


Position Grating


Position 2nd Order filter


Wait for Transducers to settle


acquire sample


Export using datavars










Timing
 Requirements for dual wavelength mode:
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SetMode


Changing modes from dual to single or vic
e versa requires a distinct sequence of events in order for proper operation to be initia
ted. 
 SetMode is the entry point which handles these requirements. The steps required to 
modify the mode of the TUV 487 are presented here:





Changing to 
Single wavelength
 mode



suspend the acquisition thread


Set the 
grating motor velocity to minimum
 ( 2100 steps/second)



Change the A/D filter rate to 10
 
Hz


Adjust the system offset


Restart 
Acquisition



Resume the acquisition thread





Ch
angin
g
 to Du
al wavelength
 
m
o
de



suspend the acquisition thread


Set the 
grating motor velocity to 
maximum (10000 steps/ second)



Change the A/D filter rate to 10
0 
Hz


Adjust the system offset



if(wavelength A > 
wavelength
 B)



set
 
wavelength
 A 
position 
using forward calibration


set
 
wavelength
 
B
 
position 
using 
reverse 
calibration


else


set
 
wavelength
 
B
 
position 
using forward calibration



set
 
wavelength
 
A
 
position 
using 
reverse 
calibration


Restart 
Acquisition



Resume the acquisition thread





SetWavelength



Changing the wavelength settings while 
in Single or Dual wavelength mode requires that the grating be repositioned or new positio
ns
 calculated without interrupting the flow of data to the 
Data Manager. Since no new data can be acquired while the new wavelengths are set, the las
t known good sample is continually 
output until 
normal sample acquisition can begin.





Changing Wavelength in Single
 mode





Acquire the mutex
 from the acquisition thread. This signals a safe time to change state.


Set the state to Idle prohibiting 
new acquisitions but maintaining the time base


Unlock 
the mutex allowing 
Idle state to proceed


Use
 the 
second 
order filter 
if 
the 
option is set and lambda is greater than 370 
nm



move the grating to the beginning of the range. Alw
ays approach from the forward direction



Calculate the position of the new wavelength. 
Move the grating to the new 
position.



Delay 
4 A/D decimation periods
 to let the filter settle.



Change state back to Single wavelength
 to resume sample acquisition









Changing Wavelength in 
Dual 
mode






Acquire the mutex
 from the acquisition thread. This signals a safe time to change state.


Set the state to Idle prohibiting 
new acquisitions but maintaining the time base


Unlock 
the mutex allowing 
Idle state to proceed


Calculate the position of the new wavelength. 
If 
A is greater than B, A uses forward calibration poin
ts and B uses reverse. If B is greater than A, B uses forward calibration points and A use
s reverse.



Change state back to 
Du
al 
wavelength
 to resume sample acquisition






Calibration



To calibrate the Grating, four calibration points are determined u
sing the natural spectrum of a deuterium 
lamp and an Erbium doped filter. Calibration points are taken at 257, 379, 521 and 656 nm. 
Calibration is performed 
in 
the forward and reverse 
direction
 to compensate for mechanical backlash
. 
The difference between the 
forward and reverse 
measured peak positions is the backlash for that range. The backlash will have a limit of TBD.
 Which 
peak values used for positioning depends on the direction of movement
.










�






Finding the Calibration Points

Each calibration point is assumed to be within a certain range relative to the 656 nm peak position. Calibration begins by finding the 656 nm peak. For each calibration point, the motor is  positioned at the beginning of a calibration range which is relative to the 656 nm peak. A local minimum 
or maximum 
is determined over that range. �


Peak Determination


Once calibrated, a position in motor steps can easily be calculated for each requested wavelength 
using the grating equation
 and the neares
t calibration points
.
 
Calibration points are stored as floats so that a peak interpolation algorithm can be employed. The three lowest (or highest if inverted) points around the peak will be used to calculate the exact peak for a calibration point. The peak is then determined by finding the coefficients of a second order polynomial (parabola) which best fits the acquired data. A local minimum or local maximum is calculated using the first derivative of this polynomial:
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		y = ax2 + bx + c		: original equation

		0 = 2ax + b		: set first derivative to 0 for local minimum or maximum

		x = | -b/2a |		: solve for step position of the peak




Coefficients of the polynomial are determined using a variation of the LaGrange method described in “Numerical Methods in C” section 3.5.



Wave Length Positioning

Each calibration point is registered with the Grating positioner. Once all calibration points are registered, the position of any wavelength can be calculated.



Setting the grating to the desired wavelength will require first, determining the direction of movement, next, finding the closest calibration point
s
 and finally, calculating an offset from th
e
 
calibration points
 using
 the theoretical relationship between wavelength and 
grating 
angle
.
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The algorithm is:




Determine direction of movement. This dictates which set of calibration points to use.



Find the calibration point
s
 
which bracket
 
the desired wavelength
.
 If the desired wavelength is below 257 nm or above 656 nm, a single calibration point is 
used.


Calculate the difference in degrees between 
each 
calibration point and the desired wavelength using the 
grating 
equation
:
�
�(cal= arcsin(0.0018*(cal / 1.949522388) - 12.9�(( = arcsin(0.0018*( / 1.949522388) - 12.9��Degrees from 
each 
calibration
 point
: 
��
(
hi
 
= (cal
hi
 - ((
�
(
low
 
= (
cal
low
 - ((�
�



Convert the offset 
in degrees 
from 
each calibration point 
to steps
.
 
Calculate 
a position
 relative to each of 
calibration points 
using the 
offset
s
 
derived. 
�
�
o
ffset
hi
 
= 
(
hi
 * 
stepsPerDegree
�
o
ffset
low
 
= 
(
low
 * 
stepsPerDegree
�
�
p
osition
hi
 
=
 
p
osition
(
hi
 
 
- 
o
ffset
hi
 
�
p
osition
low
 
=
 
p
osition
(
low
 
 
+
 
o
ffset
low
 
�



Weight the c
ontribution from each calibration point 
in proportion 
to
 it
’
s distance from the desired wavelength.
�
�
position = 
[
p
osition
hi
 
 * 
(
(
 
-
 
 
(
lower
 
)
 
/
 
(
(
upper
 - 
(
lower
 
)
]
 
  + [
p
osition
low
 
 * 
(
(
upper
 
- 
(
)
 
 
/
(
(
upper
 - 
(
lower
 
)
]
�



Move to the 
new
 position
.

Validating the Calibration



The calibration procedure previously described stores absolute step values corresponding to known peaks along the spectrum. These calibration points should fit within a theoretical positioning calculation to within 
+/- 
2 steps
. The calibration can be validated by calculating the theoretical offset between calibration points and checking against the observed difference in position between th
e
se t
w
o points. If the actual differs from the
 t
heoretical by more than 2 steps, 
the user will be notifi
ed of an uncalibrated condition and previously stor
ed calibration points will be used.


Scan

Scanning above the 370 will employ the second order filter if the option is set prior to the scan operation. If scanning across the 370 nm boundary, the second order filter is 
moved into place causing a discontinuity 
i
n time and 
energy levels.






Parameters


Range	Beginning and ending wavelengths


Step 	Number of wavelengths in between samples


Time	Number of seconds in for each sample ( determines sampling rates, etc.…)






The scan function 
requires a preparation phase
 prior to beginning. During 
this preparation phase, 
important parameters are calculated and the grating is positioned at the beginning of the 
range.




Prepare Scan





Calculate the scanning increment and time betw
een increments 
from 
supplied parameters.



Set the A/D filter rate for 100 Hz operation
.



Adjust the system offset
.



calculate the start and stop positions from the wavelength range given
.



Move the grating to the position at the beginning of the range
.



Acquire 
a sample and make it public
.









Perform the Scan





for each increment:





Get the current time in milliseconds



Calculate the wavelength corresponding to 
the next
 position


Position the optical filter if required


Move
 to the next position



Acquire the sample and reference energ
i
es



Delay long enough to fill out the required time period



Make the sample and reference energies public



Calculate 
the 
next position








When the scan is done, the previous mode is restored.





�
Signal Compensation using Variable Gain
 (not 
implemented)


Both the sample and reference transducers have programmable gain stages before the
 converter. The gain is 
modified 
by
 
varying the 
integration 
time 
of this gain stage.
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This variable gain allows the user to compensate for variations in the energy at different wavelengths of the Lamp’s natural spectrum. By knowing the output of the Lamp at each wavelength, a compensating gain can be applied to be sure that the measurement utilizes as much of the dynamic range of the A/D converter as possible.  
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Since the measurements are ratios of sample energy to reference energy, the gains are canceled out in the final output.



AUFS ( Log [ Ks * Sample / Kr * Reference]



5 bits of gain resolution are available from the transducer circuit yielding 32 levels of gain which is programmable. In order to map the required gain a scan of the lamp energy at the lowest gain is performed initially. Each wavelength is then assigned a gain depending on the threshold achieved. Each spot move of the Grating to a given wavelength is accompanied by a gain setting specifically for the lamp energy at that wavelength.  The lamp energy spectrum must be acquired during calibration. The lamp spectrum  is then used to set the gain at each wavelength.


Interruptible Movement

All services of the AcqMan must be interruptible. AcqMan states must periodically test return values for vrtx::ErrInterruption and return immediately. Functions such as calibrate and scan will terminate and revert to previous values if available. No ability to resume functions is provided once they are interrupted.


Object Decomposition

Class Hierarchy
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Normal “has a pointer to” relationships

The AcqMan has pointers to the following Hardware Interface Objects:



Lamp

Grating

Optical Filter

Sample Transducer

Reference Transducer



Each of these HIO’s is derived from component and therefore, pointers to these objects can be obtained using the Component member function ::Lookup.  Pointers returned by Lookup must be cast to the appropriate type of the derived class.

Global Data

The following data types are stored in variables of type DataVar and are globally available by ::LookUp() if the name is known.



Variable�Class�Integral type�units�range��Wavelength setting Channel 1�Config�Int�nm�190 - 700��Wavelength setting Channel 2�Config�Int�nm�190 - 700��Reference Energy Channel 1�Runtime�float�v���Reference Energy Channel 2�Runtime�float����Sample Energy Channel 1�Runtime�float����Sample Energy Channel 2�Runtime�float����Sampling Rate�Config�int��1,2,5,10��Optical Filter Choice�Config�bool��Use/Don’t Use��Static Non-member Functions 

AddAcqMan()

The system requires that there be only one physical Acquisition Manager and therefore, only one instantiation  an AcqMan object is allowed. AddAcqMan() is used by the program initialization routines to define the AcqMan object and install a pointer to it in the component lookup table (See Component detailed design by TBD). A pointer to the AcqMan object can then be retrieved by a function at any time.

Static Member Functions 

AcqMan *Lookup(const char *name = “AcqMan”)

Get a pointer to the AcqMan object from the component lookup table



Status AddCommands(void)

AddCommands inserts the AcqMan package of available commands (acqcmds.cxx) into the cmdmon.

Class Definitions

See \tuv\acqman\acqman.hxx

Special Design Considerations

Global static data usage

Dynamic memory usage

Interrupt handling

Syncronizing A/D converters with wavelength positioning. 

Use of A/D converters to time sample acquisition

Exception Handling

All Acquisition manager and Acquisition Manager context member functions will return a status indicating the success of the requested operation. Interrupted movements will be indicated in the status returned from the positioners and passed to the caller of the Acquisition Manager  functions. 

Test Aids

A cmdmon interface to the Acquisition manager will be written that will allow access to the AcqMan member functions. Test scripts are written which exercise each function with appropriate ranges of input parameters. Error conditions are generated (e.g. interruptions) to test specific error handling.



AcqMan commands

SetMode… single/dual <lambda1, lambda2>

CalGrating

Scan [ start, [stop]]

SetOpFilter on/off

SetSamplingRate

SetLamp [on/off, toggle]





Component commands

Dump

Reset



DataVar commands

Show

Set





Notes of design review 11/1/96



Attending: John Beck, John Heden, Dave Lamborghini



Section�Issue��3.4�Who owns the instrument state, Controller or AcqMan?

��3.4�Who owns context information e.g. wavelengths, filter, outputs?

��4.1�Autozero is now owned by DataMan

��5.3.4�Use the reference channel to set the gain.

Use the sample channel to measure peaks

��5.3.5�Criteria for accepting calibration is 1 step? Or should it be 1 nm?

��5.3.5�Acceptable backlash is how much????

��5.3.5�Two sets of calibration points will be measured. One for forward motion and the other for reverse motion. To take out backlash.

��5.3.8�Let the AcqMan determine the parameters (resolution) of the scan from the range and time settings.

��6.4�AddAcqMan() will now be a static member function

��6.3�Datavars will be used for asynchronous notificaton. GetData() will be used to for immediate access

��8.1.3�Might want to use an event flag group instead of a mailbox to broadcast the arrival of data

��Future �Can we get better noise  performance by increasing the internal A/D gain in the sample relative to the reference.

��Future�Need to measure signal degradation over time. Check on powerup? Calibration?

��Future�Step values of all calibration points must be available for viewing in diagnostics. Get these from the grating interface.

��Future�Can we use the filter in dual wave length mode? Depends on speed of the positioner. TBD!��
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