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PMT-RAS OPERATOR DISPLAY

INTRODUCTION

This write-up describes the rationale and algorithm associated with a potential PMT-RAS real-time display available to operators.   The primary goal of the display is to provide an indication of whether the PMT-RAS is providing valid roll aspect data.  The display will not require the calculation of the aspect solution itself.    In the description below, operation in the default mode is assumed (¼ second readout interval with  256 accumulation intervals per readout).

TELEMETRY OVERVIEW

Telemetry items associated with the PMT-RAS include typical status indicators (command status, high voltage, current,) as well as the output data itself.  Except for the current, these data are found in packets with APID 154 in the VC0 AND VC1 channels.  Note that data included in VC0 is not duplicated in VC1.  

The data output of the PMT-RAS is formed as follows.  Output pulses from the PMT are counted in successive accumulation intervals (default duration = 1 binary millisecond).   The PMT-RAS telemetry data consist of sets of 4-byte groups, each corresponding to a successive readout interval.  The first of the set of 4 bytes identifies which of the accumulation intervals (the peak interval) had the highest count.  The remaining 3 bytes are the (compressed) counts in the peak interval and in the intervals just before and just after the peak interval.  This scheme enables both the time and total PMT output corresponding to a transient star blip to be determined.   Statistical analysis yields measurements of the background as well as the pulse shape.

A necessary condition for a good aspect solution is that  each rotation should usually contain at least one valid star blip.  Note that there is data from a readout interval whether or not a star blip actually occurred.  Therefore, in addition to real blips, there are several competing processes, that can be represented in a readout interval.  Some of these processes and their characteristics are summarized below:

	PHENOMENON
	PEAK COUNT
	MIN COUNT
	PEAK

INTERVAL
	ORBIT PHASE
	CLASS

	Valid star blip
	Moderate
	Low
	Random
	Anytime
	0

	City lights
	Moderate
	Low to Moderate
	Random
	Night
	0 or 4

	Double Readout
	In first or last interval
	Any
	254 or 255
	Anytime
	1

	Low PMT output
	Low
	Low
	First
	Anytime
	2

	Earth albedo
	Very high
	Very high
	Random
	Day
	3

	Albedo recovery
	High or moderate
	Near peak
	Early
	Day
	3

	Background stars
	Moderate
	Moderate
	Random
	Anytime
	4


Since distinguishing among these phenomena may require careful analysis, an alternative classification is suggested, based on more readily identifiable signatures: 

	CLASS
	LABEL
	SIGNATURE*
	PHENOMENA

	1
	Double readout
	Max(v1,v3) > v2
	Double readout

	2
	Low output
	v2 < L
	Low PMT output

	3
	High background
	Min(v1,v3) > H
	Earth albedo or recovery

	4
	Low contrast
	vs < Q*e
	Background stars or city lights

	0
	OK
	None of the above
	Valid star blip or city lights


See below for explanation of symbols

-

CLASSIFICATION ALGORITHM

Let v1,v2,v3 = decompressed counts in the 3 successive intervals.  Normally v2 >= v1, v3.

The classification of each readout can be implemented as follows:

L =   2




(low threshold parameter)

H = 1000



(high threshold parameter)

Q = 5.




(statistical detection parameter – eg a 5 sigma detection)

Calculate:

vb = MIN(v1,v3)



(background)

vs = v1 + v2 + v3 – 2*vb


(signal)

e  = SQRT(vs + 2*vb)


(statistical error in signal)

IF 

MAX(v1,v3) 
> v2
THEN class = 1

(Double readout)

ELSE IF 
v2 

< L 
THEN class = 2

(Low readout)

ELSE IF
vb

 > H
THEN class = 3 
(High background)

ELSE IF
vs 

< Q*e
THEN class = 4

(Low contrast)

ELSE




          class = 0

(default = ok)

Let n0, n1,,,n4 be the number of events in each class in a packet of readouts.

A real-time display for the PMT-RAS  can be based on the relative occurrence of these five classes of readouts.  In particular, each packet with APID= 154 can be used to update a display showing:

	       PMT STATUS

Current (ma)                xxx

HV          enabled/disabled

HV DAC                       xxx

Command mode            xx

	     PMT DATA

Ok                                n0 

Double Readout           n1

Low readout                 n2

High background         n3

Low contrast                n4


For a full packet (which updates once per minute), there should be a total of 240 readouts, of which at least 5 should be ‘ok’.   If this is not the case, then the distribution among the other possibilities will provide useful clues as to the nature of the problem.  The requirement of 5 ‘ok’ readouts per packet is a necessary, but not sufficient condition for a valid PMTRAS roll aspect solution.







