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Introduction 
 

Now signals usable for various types of 
communications are described by many parameters. 
Consequently these signals are presented in 
multidimensional space. The Sammon’s method of 
simultaneous nonlinear mapping for data structure 
analysis is used for clustering of the signals [1]. The 
essence of the method is to preserve the inner structure of 
distances among the signals in multidimensional space 
after mapping them into two-dimensional space. The 
formula (1) (mapping error) is used as criteria of 
mapping quality because it reveals the largest product of 
the error and partial error [2]: 
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where N is a number of L-dimensional vectors being 
mapped, dij

* - distance between i and j vectors in L-space, 
dij - distance in a lower-dimensional space (two-space). 

For the first, signals on the plane, as initial 
conditions, are distributed randomly or along some more 
or less shifted diagonal. Formula (2) is used for 
correction of co-ordinates of the signals on plane during 
each iteration  r. 
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where p=1,…,N;  q=1,2;  F is “magic factor” (0.3-0.4); 
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The mapping error (1) depends on a sort of initial 

conditions, and there was no way to choose optimal 
initial conditions because any nonlinear mapping 
algorithm often finds the local maximum of a functional 
that characterizes the mapping quality which is not global 
[3]. 

In the paper operation of mapping algorithm has 
been revealed and the optimal initial conditions have 
been proposed. 
 
Visualization  of  Mapping  Process 
 

An experiment has been executed in order to show 
how points representing multidimensional signals in  L-
dimensional space are moving on the plane during 
iteration procedure. The experiment was executed with a 
small amount of vectors for imaginary. 
 
 
Table 1. 15 vectors of the parameters of signals 
 

Ve
ct. 

Parameters 

No 1 2 3 4 5 6 
1 50.0 220.0 307.0 508.0 604.0 206.0 
2 50.1 220.2 307.2 508.0 604.0 206.3 
3 50.2 220.5 307.1 507.9 603.9 205.8 
4 51.0 222.0 302.0 501.0 603.0 205.0 
5 50.9 221.8 302.1 500.9 603.1 204.9 
6 50.8 222.6 302.2 501.5 603.0 205.5 
7 53.0 228.0 304.0 502.0 607.0 208.0 
8 52.9 227.8 304.2 502.3 607.3 208.1 
9 53.1 227.9 303.8 501.8 606.4 207.9 
10 55.0 226.0 305.0 505.0 609.0 204.0 
11 55.0 226.5 304.5 504.7 608.7 203.9 
12 55.1 225.9 305.5 504.9 609.1 204.1 
13 56.0 224.0 308.0 507.0 608.0 202.0 
14 56.2 224.2 307.9 507.0 609.2 202.0 
15 55.9 224.4 308.4 507.5 608.0 202.5 

 
 They are distributed to five classes (Table 2). 
 
 
Table 2. 15 vectors of data distributed to five classes 
 

Class Vectors  
1 1,2,3 
2 4,5,6 
3 7,8,9 
4 10,11,12 
5 13,14,15 
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For the first the data were mapped onto the plane 
using initial conditions chosen by a random way and  
r=500 iterations. The result of mapping is presented in  
Fig. 1. The mapping error was  E=0.04714809. 
 

 
 
Fig. 1.  Mapping of the data (Table 1) 
 
 After that the initial conditions were constructed in 
such a way that all points representing signals on the 
plane were distributed almost according their “right” 
positions (Fig. 1) except the  3-rd  point which belongs to 
the first group of signals (including signals 2 and 3). It 
was put on the plane near the 14-th point (far from its 
group). Then mapping process was executed again but at 
small number of iterations in order to watch how point 
number 3 approaches to its group (Fig. 2). The mapping 
error was  E=0.209099. 
 

 
 
Fig. 2.  Mapping of the data at small number of iterations 
 
 

The results of mapping the data at more iterations 
are shown in Fig. 3. The mapping error was  
E=0.098837. 
 The 3-rd point approaches to its group but does it 
not very smart. It could be explain that another points had 
ideal initial conditions. They were almost in their “right” 
places on the plane at the very beginning of mapping. 
Consequently their distances structure on the plane 

corresponds to the distances structure in L-space and total 
mapping error is not big. Therefore the 3-rd point gets 
very small  ∆pq-correction of co-ordinates, because its 
calculation includes error of distances of another points, 
which are of small values already. 
 

 
 
Fig. 3.  Mapping of the data at more iterations 
 
 Consequently the points, which got “bad” initial 
conditions, are left behind their “right” places on the 
plane. This explains the mapping error variety using 
different initial conditions. 
 Another experiment with the same data and similar 
initial conditions has been executed. This case the 12-th 
point, which belongs to the fourth class of data, was put 
on the plane near the first point. For the first mapping 
process was executed at small number of iterations, as 
well. The result of mapping is presented in Fig. 4. The 
mapping error was  E=0.344215. 
 
 

 
 
Fig. 4.  View of mapped signals at small number of iterations 
 
 The view of mapped signals at more iterations is 
shown in Fig. 5. The mapping error was  E=0.307327. 
 Eventually, the view of mapping at big number of 
iterations is shown in Fig. 6. The mapping error was 
E=0.060578. This case the point, which had “bad” initial 
conditions, deformed the total view of mapping (compare 
Fig. 6 and Fig. 1). 
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Fig. 5.  View of mapped signals at more iterations 
 
 

 
 
Fig. 6. View of mapped signals at big number of iterations 
 
Optimal Initial Conditions 
 
 Initial conditions, as it was shown, is a “narrow” 
part of the nonlinear mapping process. It is possible to 
execute a mapping for ,suppose, a million various kinds 
of random initial conditions and as a mapping result to 
choose the case with the smallest mapping error E. But 
anyway not every point would have “good” initial 
conditions. There is no possibility to perform or check it. 
 Optimal initial conditions for simultaneous 
nonlinear mapping of the signals can be obtained using 
the sequential nonlinear mapping [4]. The sequential 
nonlinear mapping requires at the very beginning to map 
M initial vectors simultaneously, using Sammon’s 
algorithm. After that each sequentially receiving vector 
has to be mapped with respect to the first M vectors. 
Mapping error function Ej has to be minimized for each 
receiving vector  j=M+1,…, M+N,  using formula 
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where  dij
X - distance between i and j vectors in the  L-

space,  dij
Y - distance on the plane. 

 In [5] this sequential method and Sammon’s 
simultaneous one were compared according ability to 
map the data onto the plane, mapping accuracy and a 
mapping time. It was showed that sequential nonlinear 
mapping has slightly bigger total mapping error but needs 
incomparably less calculation time. In [6] the sequential 
nonlinear mapping was completely investigated. 
 In the issue regardless of that the sequential 
nonlinear mapping often has slightly bigger mapping 
error than simultaneous one but the sequential mapping 
gives the optimal initial conditions for simultaneous one 
because every point on the plane after sequential 
mapping is lying very close to its “right” place and there 
is no one point with “bad” initial conditions. In order to 
confirm that, numerous experiments have been executed 
with wide variety of sorts of signals, which differ 
according number of groups and number of vectors. 
Some of the results are presented in Table 3, where 
mapping errors of simultaneous mapping with random 
initial conditions (Simultan 1), sequential mapping 
(Sequential) and simultaneous mapping with optimal 
initial conditions (Simultan 2) are given. 
 
 
Table 3. Mapping errors for 20 various cases 
 

Mapping  errors Ex
p 

No 
Simultan  1 Sequentia

l 
Simultan  2 

1 0.049527 0.046792 0.044167 
2 0.004849 0.005424 0.004294 
3 0.004426 0.005424 0.004294 
4 0.023269 0.026552 0.023185 
5 0.026389 0.026551 0.023185 
6 0.025812 0.678499 0.023218 
7 0.049663 0.005424 0.004294 
8 0.049527 0.436872 0.004375 
9 0.049753 0.307663 0.004549 
10 0.026389 0.027561 0.024472 
11 0.025781 0.027549 0.024578 
12 0.026524 0.264530 0.024317 
13 0.004635 0.005424 0.004294 
14 0.004416 0.005424 0.004294 
15 0.004587 0.007279 0.004387 
16 0.004729 0.005424 0.004294 
17 0.004777 0.005413 0.004291 
18 0.004514 0.762025 0.004305 
19 0.004696 0.005424 0.004294 
20 0.004500 0.005419 0.004285 

 
 
 Analyzing data of Table 2 we see that mapping 
errors of “Simultan 2” are always less than that of 
“Simultan 1”.  

There was the case (7-th row) where sequential 
mapping error was less than “Simultan 1” error. It means 
that this case “Simultan 1” had especially “bad” initial 
conditions for many points. 
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Conclusions 
 
 There is no way to choose optimal initial conditions 
for the Sammon’s nonlinear mapping of 
multidimensional signals onto the plane by distributing 
points on the plane randomly. The points with “bad” 
initial conditions do not reach their “right” places on the 
plane after mapping and this situation increases the total 
mapping error. The sequential nonlinear mapping, which 
gives a slightly bigger mapping error but needs 
incomparable less calculation time, is the only way to get 
the optimal initial conditions for the Sammon’s nonlinear 
mapping. 
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