Integration Operation
The digitizer card computes sliding sums and integrations triggered by the MAKE_MEAS signal.  In typical operation, the signal is generated by the TC about every 20 s.  The integrations are 64-bit long integers readable from the control bus as 8 bytes each.

The integration process begins after the sums are reset.  The first user defined number of measurement points can be ignored.  Then the pedestals of the 4 channels are accumulated.  The pedestals are stored once the accumulation is done.  
Meanwhile, sliding sums are kept.  In the integration mode, very slow sliding sum for each channel is used as input data participating the squelch checking and the integration accumulation.  
After the pedestals become available, the very slow sliding sums are used to compare with the pedestals plus the squelch levels to see if valid data present or not.  If the very slow sum of a channel is higher than the pedestal plus the squelch level, the pedestals is subtracted from the very slow sum and the result is accumulated to the integration.
A sufficiently large initial value is given to the integrations.  The initial value prevents the integrations from drifting to negative, when the pedestals are calculated to be too high. 

In the integration mode, pre-defined 32-bits from the 64-bit integration are compared with the 32-bit very slow thresholds every 20 s.  The details are described below.
The users can control the integration operation by setting several parameters accessible from the control bus.

The Parameters Relevant to the Integration Mode
The native mapping of the digitizer card is shown in the following table.  The digitizer presents the native mapping when the bit 7 of the FF register is set (=1xxxxxxx_b).  

The native mapping will be used in this document.  For the original mapping of the digitizer card when the bit 7 of the FF register is clear (=0xxxxxxx_b), see the document “Digitizer Card Mapping in the Control Bus Address Space”.
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The following parameters and registers are to be used in order to control the integration operation:

· The FF register.

· The FPGA Control register.

· The Mode Select registers.

· The Sum Lengths.

· The Pedestals

· The Thresholds

The FF Register
The FF register is always at address 0xFF in both native and original mapping.  The bit 7 of the FF register is used to control the mapping for the control bus.  In this document, native mapping is used, which requires the bit 7 being set.  To use the original mapping, bit 7 is clear.
	Bit 7
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	Mapping
	Ch OK
	
	
	
	Do Sums
	Clear Sums
	


The bit 1 and 2 are used to initialize sum operations without timing card.  Turning the bit 1 high and then low causes the digitizer card to initialize the summing operation.  Turning the bit 2 high and then low causes the digitizer card to accumulate sliding sums and integrations.
The summing operation via toggling the FF register bit 1 and 2 is usually for debugging purposes and the input data are always the constants stored in addresses 0x48 to 0x4F.  The bit 0 in the FPGA Control Register should be set in order to use constant as the summing and integration input.
The FPGA Control Register
The FPGA Control Register is a 16-bit register at address 0xF8 and 0xF9 in both native and original mapping.  At current time, only the following bits are used:
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When bit 0 is set, constants loaded at 0x48 to 0x4F (in native mapping) are used as input values for computing sliding sums and integrations.  In normal operation using real ADC input, the bit 0 is clear.  The bit 8 to bit 15 represents a number NSKIP16 that are loaded by the users.  The digitizer card ignores the first 16*NSKIP16 measurements before starting summing and integration processes.
The Mode Select Registers
The Mode Select Registers are 16-bit words at 0x68 to 0x6F (in native mapping).  Each channel is controlled by its own Mode Select Register.  The bits of the registers are assigned as shown in the following table:
	Bit15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	
	
	
	
	
	
	
	Squelch
	INP_ON/
	MADC Function Select [2:0]
	Use Integration Mode
	Test Mode On
	Enable Long Time Constant
	Enable High Range


Most bits in the Mode Select Registers are defined in “BLM Upgrade Users Guide”.  Only bit 3 and bit 8 will be described here.
When bit 3, “Use Integration Mode” is turned on, the 32-bit very slow thresholds will be compared with the bits 16 to 48 of the integrations.  When the “Use Integration Mode” bit is clear, the integrations will still be accumulated, but they are not compared with the thresholds.

Setting bit 8 “Squelch” high will turn on the squelch operation.  Inputs lower than the sum of the pedestal plus squelch level are considered noise and are not accumulated into the integration.
The Sum Lengths
The lengths of the sliding sums are 16-bit integers.  In addition to the fast, slow and very slow sliding sums, the immediate measurement for each channel is also implemented as a sliding sum with length =1.  All these sums are implemented identically and their lengths can be arbitrarily defined by the users.
The pedestal sum length at 0x7E is defined similarly.  The length is used to calculate the pedestals at the beginning of the run.  In the integration mode, very slow sliding sum is used as the input.  We currently defined a fix ratio between the very slow sum length and the pedestal sum length.  The pedestal sum length must be 16 times of the very slow sum length.  Typically, the very slow sum length is chosen to be about 64 and the pedestal length to be about 1024.
Note that the users are allowed to choose very slow sum length freely.  For example, the very slow sum length can be 55 and the pedestal sum length 880.

The Pedestals
The pedestals are accumulated automatically at the start of a run.  As mentioned earlier, the first 16*NSKIP16 measurements are ignored before the pedestals are calculated.  Accumulating the pedestals uses number of measurements that equals to the pedestal length.  

The calculated pedestals are placed into the RAM block interfacing with the control bus.  The users are allowed to read the pedestals out.  The pedestals can be changed by the users also, if necessary.  But to avoid being overwritten, it can only be changed after the accumulation of the pedestals at the beginning of each run.  A clean way to change pedestal is to use page changing via broadcast.  See “Digitizer Card Mapping in the Control Bus Address Space” for detail.
The Thresholds

When bit 3 of the Mode Select Registers, “Use Integration Mode” is turned on, the 32-bit very slow thresholds will be compared with the bits 16 to 47 of the integrations.  When the “Use Integration Mode” bit is clear, the very slow sliding sums are compared with the very slow thresholds.

Pre-loaded set of thresholds are organized as pages and there are 64 pages total in a digitizer card.  The users are allowed to select a particular page to be used at any time.  A clean way to change page is via broadcast.  See “Digitizer Card Mapping in the Control Bus Address Space” for detail.

The Equations

We try to write down the equations of the variables mentioned above.  
Define:

NS = the NSKIP16 parameter.
LPED = the pedestal sum length.

LVS = the very slow sum length.

Xi = the raw measurement data.

Si = the very slow sliding sum.

P = the pedestal.

q = the squelch level.

Yi = the integration.

First, the pedestal is actually a sum of the first set of measurements.
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The very slow sliding sum can be viewed as an average of a set of measurements.
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The integration is the integration of the averaged inputs, i.e., the very slow sliding sums.
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An initial value of 128M is given to the integration so that it will not drift to negative.  The step function u(x) is defined =0 when x<0 and =1 when x>0.

Bit Alignment

As can be see above, divisions are not actually taken when the variables are to be interpreted as averages such as pedestals and very slow sliding sums.  The values are scaled according the corresponding sum lengths.

In the FPGA implementation the variables are aligned based on the following picture:
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The pedestals and sliding sums are accumulated aligned with the raw measurement data.  The squelch level is added to the pedestal with bit 0 aligned.  Therefore, it is possible set squelch level with fractional part.

When the very slow sliding sums are operated with pedestals and squelch levels, the sliding sums are shifted up for 4 bits equivalent to multiplying by 16.
The integration is aligned with the pedestals.  Therefore, dividing the integration value by LPED scales it back to the raw measurement data unit.
The thresholds are aligned to the bit 16 to 47 of the integration.
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