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ON-BOARD REGISTRATION AND REDUNDANCY REDUCTION METHOD FOR QUASI
STATIONARY POISSON PROCESSES 

By J . KHODAREV, V. NIKOLAY EV, I. SKOBKIN, J . SHTARKOV, and E. VASSILI EV 

Summary. - Many processes in space are related to 
Poisson flows of particles. Usually, the aim of experiment 
is to study the intensity of such a flow. Each of the samples 
obtained in the course of measurement represents the number of 
particles detected during a sampling period and sample va
lues are related with the flow intensity only statistically. 
So the less the sample value is, the greater the r.m.s. 
error in estimating the flow intensity. With any fixed "ac
cumulation time" values of some samples are too small to 
provide required accuracy. Hence, these are redundant from 
the view-point of telemetering them to the Earth. A simple 
method is suggested for reducting this redundancy which 
assures a preset r.m.s. accuracy of measurement. The main 
feature of the method is that the accumulation lasts until 
the number of registrated particles reaches a preset level. 
In this case the 11accumulation time" is variable and thus 
data compression is completely accomplished by appropriately 
organized aquisition. 

Introduction. - In many experiments conducted aboard 
a space probe the intensity of the flows of different par
ticles with certain characteristics (mass, charge, energy, 
etc.) is studied. In all those cases the Poisson model of 
the process is substatiated which has the only parameter -
intensity of the flow (A). Usually, the aim of experiment 
is to determine the behaviour of that parameter. Since the 

data registrated (the number of detected particles during 
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certain period or the moments of arrival of separate part
icles) are related with A only statistically one is neces
sitated to form a statistical estimate of the }.. upon 
these data. 

If .J is constant, then by increasing observation 
time, one can achieve arbitrarily high accuracy of the esti
mation. If the flow is non-stationary and .A• .A (t) the 
lowest bound of accuracy of estimation for ..;l (t) exists. 
In other words no means (the increase of sampling rate in
cluded) exists that enables providing arbitrarily small 
error. It is this fact that causes the significant diffe
rence between this problem and that of continuous process 
registration. 

Specific character of measurements of the Poisson dis
tributed flows imposes certain conditions on data process
ing methods. As a result, the traditional method of uniform 
sampling does not meet the accuracy requirements any longer. 
The substantiation and the discription of the registration 
algorithm for one type of Poisson processes that provides 
a preset r.m.s. accuracy of measurement is given below. 
This algorithm also allows of redundancy reduction as com
pared to uniform sampling. 

Statement of the problem. - According to the Poisson 
process definition [ 1, 2] in a time interval [ ti 

I 
Ci.+l] 

T:c°+I 

,)Ii = fa ('"c) c/1: 
t, 

( 1) 

particles are registrated at an average and in each specific 
trial any number of particles XL may be fixed with the 
probability p(xi)::. e'l"<.(pi).x,· 

x·I C.. 
(2) 

The result of each experiment is represented by a set 
of values Xi, x 2 , ••• , Xi , Xi+I , • • • which is the 
base for the estimation of J (t) . If nothing is kuown 
about the process the problem is usually subdivided into se
veral stages: at first Xi is used for obtainiDt; the esti-

/\ 
mation /'4i of the corresponding _/'Ii , then the function 

J..(r:) is assumed to be constant in the time intervaltitrtc:.7[ 



(3) 

According to the criteria of minimum r.m.s. error, maximum 
/\ 

probability etc. ,.,~i should be chosen as 

/"fi = Xi. (4) 

and finally using (3) 
"' x· 

).. (T.)= Tit ' ti.. ~ 'C ~ ti.+t (5) 

Usually the experimenter is interested in a relative 
accuracy of the measurement of the process .il (r::) • But 

J\ 

for any f~nite difference ..}. C-r)- .A ('r:) relative error 
[)..(1:)-.).("C)]/J. (T) is arbi;rarily large when .A (T) 

is sufficiently small and cannot characterize the fidelity 
of the measurement. More accurate is to relate the measure
ment error .A ('c:)-.X (t) to the mean value J.i. ::.~ 
in the observation interval (the ratio [:>.(r:)-J.(r:)]/mq[':JI. ("C) 
often used for the accuracy valuation in fact determines 
the maximum relative accuracy possible in a definite system). 

Hereinafter, it is supposed that the estimation (5) 

is used and the fidelity of it is evaluated by 
J\ 

62. [ }l (T)ji.A. (t:) J (6) 

where 62.(i)- variance of the ( i!) 

Accuracy of Poisson flow intensity estimation. -
known, the estimation variance (4) equals 

and 
62 

(~ --;ft'i) == d 2
( Xi. 7'i)=;zti 

As 

( 7) 

J2
[) ('C )-) (t)] = 62. [Jl ('C)- ~f ]= 62. {i 0fi-Xi)+ffi{f)·~}) 

Since Jl i. is mean value of the process in the observa
tion interval the second term of (8) defines the error caus
ed by substitution of Jl ('t) by its mean value. The first 
term of (8) results from Poisson character of the process 
under investigation. Taking into account statistical inde-

pendency of the two error component we can get from (7) and 



Then, according to (6) the estimation accuracy is 

J2 [J.tr..t_!Cr.)] = ~~ ·62[RCt)-fi (r)l=-L- +[Jt(~-Jt] 2 
c10) 

- .).1. _f, '..J /"' J..i 
since{ .1.i./Ti. )·(1/J.i.) = //)Ii 

As Jl (t)) 0 , it follows from (1) that jW i is a 
non-decreasing function of 7£· and the first term of (10) 

decreases with the increase of Tl . At the same time 
it is evident that the greater T"i is, the greater~an be 
expected error from the substitution of JI. (T) by Jli_ in 
[ti., t i.+I J interval. Hence, the compromise is necessary 
for choosing Ti 

If the maximum allowable r.m.s. error is equal toe 
for an.y trial the following condition should be met 

E.. 2. ~ 6 2 f .J.. tr:) - }_ (r:) J = ~ + f i ('C_L- .Iil 2. 
.?,.( jHt L Jli. j (11) 

Knowing nothing about the second term of (11), we, 
however, can say that if .,l"fi ( 1/c2. , the total r.m.s. 
error of measurements exceeds c and does not meet the 
preset condition. If ,/'Ii #1/sz. , the total r.m.s. error 
is smaller than S, for slowly varying function .1 ( t) 
when the second term of (11) is sufficiently small. In 
other words, the check of the JU c: ), Ve Z. condition allows 
to separate the cases when the preset r.m.s. accuracy can
not be achieved and when, under some assumption, such an 

accuracy is provided. It should be emphasized, that we 
A 

have to use estimatations JWi=Xi. , as the actual va-
lues of JUi. are never known. 

Data registration algorithm. - Widely practised uni
form sampling (and registration) of scientific instruments 
aboard a spacecraft is also used up to now for investigation 
of Poisson flows. But for any sampling period TL: e = 
const, with some probability /Mi.< 1/82. and the required 

accuracy of measurements is not provided. With B increasing 



this probability decreases, but, simultaneously increases 
the error due to substitution of J. ('C) by its mean. 
That is why a reasonably small value of 8 is usually 
chosen, which provides a small second error component and 
the estimation is based on the sum of consecutive samples 
that satisfies 

i+K 

Xi = 4 Xj ) f/c z._ 
J" l 

)Cl corresponds to a measurement 

(12) 

in the enlarged interv-
al (K+() .e. 

Under such an approach the best reproduction accuracy 
is provided but some data are redundant since they are used 
to form the sums ){.i. For reducting this redundancy it is 
sufficient to pass from registrating each sample on-board 
to registration of XL - sums directly in the process of 
running the experiment. The latter is equivalent to the use 
of variable accumulation period Ti. determined by the 
flow intensity. With sufficiently small f9 this corres
ponds to the registration of the time interval during which 

1/S 2. particles are accumulated in a counter. However, 
the direct implementation of such an algorithm meets signi
ficant technological difficulties. Indeed, it is necessary 
to registrate data at random moments of time, which is not 
only difficult itself but also leads to a complete destruc
tion of data frame structure. 

Therefore, we have considered the easily implemented 
algorithm for forming X. i. sums using the preset pe1•iod e 
of uniform check-sampling. In uniform sampling each measur
ed value is recorded in the definite place of the telemeter
ed frame. Preserving completely the sampling routine we 
shall registrate the content and reset the counter only at 
one of the moments e., 2 e , . . . , when condition 
Xi.>1f/e2

1s met. In this case Xi is recorded in the speci-
fic place of the frame containing the data collected only 
at that moment. If Xi< 1/E.2. the result is not registrat
ed; this is equivalent to the "absence of activity" of a 

sensor (source) in terms of usual data compression techni-



ques. Having come to such an important analogy let us final
ly define the order of data collection and registration. 

Let N counters be sampled once per e seconds and 
their contents inserted in the corresponding order into an 
appropriate frame. The number n of "active" counters for 
which ::Ci~ I /€2. is determined and, if n ~ N /2. , the 
contents of all sampled counters are aggregated into a common 
or "compulsory" frame and then all the counters are reset. 
If n < N/2 , only the contents of "active" counters are 
recorded in "addressed" frame structure (number of a counter 
and its content) and only these counters are reset. 

It· should be noted that apart from the obvious analogy 
with the well-known data compression technique, which is 
valuable in itself, the considered algorithm has some ad
ditional ,advantages. Sampling of sensors is executed at 
strictly definite moments of time and frame structure of 
handled data is not destroyed. "Activity" indication is 
easily obtained from each counter during the accumulation 
interval. Therefore, after each sampling it is easy to de
termine the value of n , and, consequently, the structure
"compulsory" or "addressed" - of the frame. The individual 
generation of the ~activity" indication allows to apply dif
ferent values of c to different counters or, in other 
words, to have various "activity" threshold without any com
plication of the scheme. 

Algorithm efficiency. - For the ma~ority of the Poisson 
flows with stationary J. the considered algorithm seems 
to be ineffective - one can expect that, with the correctly 
chosen accumulation time, in a half of all cases the rela
tionships Xi. } {/82. is held. The situation is significant
ly different if J.. (t) is non-stationary pulsing process. 
Most of the Poisson processes being studied are connected 
with the Sun activity during the flight of space-probes. 
For the greatest period of time these flows have low inten
sity which is usually called "background", and only in the 
periods of the solar flares, which are of the main interest 

for experimentators, it increases sharply. 



For such a class of Poisson flows with quasi-stationary 
1 ( t) utilization of the algori tbm described above leads 

to significant reduction in volume of the data registrated 
during "background". Even with the comparatively low accu
racy ( t = 0.10 + 0.12) the expected efficiency can be very 
high as the number of "background" samples is diminished by 
tens and hundreds times. 

As for the solar flare, the data are registrated every 
e sec. It means that redundancy is reducted only at the 

expense of their "background" part, which are of less in
terest for the experimentator than those on the solar flare. 

So, the considered algorithm provides not only the 
preset r.m.s. accuracy but significantly reduces redundancy 
preserving all the most interesting data. Since solar flare 
duration is usually much less than the "quiet Sun" period 
the expected total data compression ratio can be very high. 
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