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The area of the Caucasus Mineral Waters – an environmental spa - occupies a special place among the other 

spa regions of Russia due to richness, diversity, abundance and value of its mineral waters, landscape and climate 
conditions, and therapeutic muds. Lately the rate increased of developing its mineral water resources for both the lo-
cal spa use and bottling for retail consumers.  

The growing number of mineral water bottling enterprises and sanatorium organizations affects significantly 
the amount of mineral water uptake. Irrational water uptake results in deterioration of underground water quality, 
change of its chemical composition and temperature. Expansion of the depression crater may eventually result in a 
collapse of seams roofing and vanishing of many water springs. It refers to all the waters underlying the area of 
Kavkazskie Mineralnye Vody. Due to that situation there is a potential threat of degradation of these deposits of min-
eral waters.  

Therefore, an important task consists in building forecast models of hydro-lithospheric processes in the region 
while the scope of water uptake changes in various parts of the deposit. it will be based on analyzing aerial photo-
graphs taken from board unmanned aerial vehicles. Currently such analysis is conducted using simple linear algo-
rithms.  

The paper suggests to use the Nvidia CUDA technology for the purpose, adapting the mathematics used to ana-
lyze aerial photographs to that technology. The initial data for processing were obtained by aerial photography in the 
course of remote sensing of the area by unmanned aerial vehicles belonging to OJSC «Narzan», Kislovodsk, an en-
terprise for mining mineral water. Presented in this paper have their Author’s Certificates issued by the Federal Insti-
tute of Industrial Property, the Russian Federation. 
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Introduction. One of the central tasks in the course of mining mineral waters in the region of 

Kavkazskie Mineralnye Vody is keeping at minimum damage to the regional environment. That task is 
solved, first of all with the techniques of water treatment and principally new techniques of mineral wa-
ter uptake. However, with progress in the technology of mineral water production the issue becomes 
more and more acute of finding optimal techniques to search for its new deposits. Until recently, such 
tasks were solve by geologists teams in the region of Kavkazskie Mineralnye Vody, such parties study-
ing the northern part of the Main Caucasus Ridge. Later surveying the area for mineral water was car-
ried out analyzing chemical composition of runoff of the rivers starting from the foothills of Mount 
Elbrus. That technique has its own drawbacks related to the fact that rivers are formed by an enormous 
number of sources and tributaries opening into them (consider for example river Kich-malka which has 
at least 96 tributaries, so that the chemical composition of its water keeps changing all the time).  
It makes pinpointing definitely the class of narzan (the mineral water of Kislovodsk deposit) and its lo-
cation quite difficult. 

To analyze chemical composition and temperature of water it is suggested to use unmanned aerial 
vehicles (UAV) that map the areas of our interest with aero-spectral photography [1-4]. Next such pho-
tographs are subjected to dedicated processing. Linear processing of photographs is complicated by lack 
of possibility to handle big data arrays with just the current level personal computers. That task may 
only be solved by multiprocessor multi-kernel systems, while to process such data with multiprocessor 
PC systems one needs to use extra expansion boards which makes such systems much more expensive. 
To save some of such cost it is suggested to employ the Nvidia CUDA (Compute Unified Device Archi-
tecture) technology to process geo-data from UAV. 

Study technique. To process the data produced by UAV «Trimble» a dedicated SW application is 
available: a photogrammetric module, such as Trimble Business Center (TBC) [3]. To improve processing 
capacity of that application SW one needs to do parallel processing. 

Meanwhile, to employ efficiently the technical capabilities of parallel processing calls for principally 
new approaches to organizing computations and programming of parallel distributed algorithms. In that case 
the tasks of modeling, analysis, synthesis and management of distributed systems may be implemented at the 
new qualitatively higher level using the techniques of parallelization of linear algorithms. Essentially they 
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consist in breaking the composite multipliers and terms into separate components looking as lines of a 2D 
and 3D data array. Next such lines of the newly formed multi-dimensional array are sent for processing to 
the arithmetic and logical device of multi-stream calculator. The number of lines of such a multi-dimensional 
array depends on the number of arithmetic and logical devices in the parallel processor. 

Analyzing the depths of water sources from the data of aerial photography. Consider a specific 
example. The first block of data was taken from board the UAV«ZALA 421-04f». Data for analysis 
were provided by «Gasprom Space Systems» OJSC. The block consisted of 26 legs. The total number of 
picture in the block was 595. Top take pictures the «Canon EOS 500D» digital cam was used, calibrated 
in advance. Flight height over the terrain was about 500 m, single pixel size corresponding to approxi-
mately 8 cm distance on the ground. 25 reference points were measured and marked on the map of the 
area. Error margin of retrieving the coordinates of reference points did not exceed 10 cm. The total ver-
tical drop of terrain elevation across the leg of about 3 km long reached 70 m. 

The block of aerial photographs was processed in automatic mode following the simplified scheme 
without equalizing and using reference points. Spatial referencing was done using projection centers, 
separate pictures were transformed using the PHOTOMOD «GeoMosaic» application disregarding ter-
rain relief. The following check of obtained ortho-photographic plans against the reference points has 
shown discrepancies at reference points exceeding 17 m. Such a low accuracy of ortho-photographic 
plan is due to both high vertical drop of the terrain and inaccuracy of measuring projection centers while 
the UAV is in flight. 

Next the same block was subjected to strict photogrammetric processing Three of the measured 
reference points were used as control ones for equalizing. The RMS deviation of equalizing by reference 
points was 15; 16; 12 cm, and 23; 29 and 57 cm by control points, respectively. Deviations at linking 
points were 8; 14 and 69 cm.  

It was found in the course of equalizing that the coordinates of projection centers contain a systematic 
error, its main component reaching 10.5 m by elevation. RMS errors at projection centers were 84; 239 
and 75 cm after detracting that systematic error. Most probably, the considerably larger error along the 
flight direction is related to inaccuracy in identifying the moment of shooting start. Large errors at linking 
points are possibly related to cam calibration inaccuracies and error accumulated taking pictures with a 
camera with slit shutter. The largest errors at link points are found at frame edges and in their corners. 

Further processing of the block followed the standard scheme. Terrain relief was plotted in auto-
matic mode and then ortho-transformation of the pictures taken with the account of that relief.  

To analyze the results an array of data to be processed was formed. The array has an enormous 
number of columns that consist of differential characteristics, their sums yielding the distance to to the 
studied object. 

Below we cite the algorithm for calculating the depth and chemical composition of water sources. 
Such algorithm is rather easily reduced to parallel form. For that it is sufficient to sum all the elements 
of columns – layers.  

To demonstrate the advantage of using the technology of parallel computing we offer two pro-
grams, one of them summing the elements following a simple linear algorithm, and the other executing 
a parallel algorithm as applied to the technology of hybrid computing, Nvidia CUDA [3, 4]. The linear 
programmed algorithm is written in the form: 

for j := 1 to n do begin 
for i := 1 to m do begin 
s[j] := s[j] + a[i,j]; 
sum := sum + a[i,j] 
end; 

The code of parallel algorithm is presented in the form: 

__global__ void add( int *a, int *b, int *c ) 
int tid = blockIdx.x;  
if (tid < N) 
c[tid] = a[tid] + b[tid]; 
sum := sum + a[tid] 
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It is seen from the presented program codes that the linear algorithm features two identifiers: i (the 
line) and j (the column). the parallel algorithm has that identifier set in the array tunings, while the iden-
tifier tid sets the number of data stream. Therefore, the first code shown forms a single stream of data 
that undergo the operation of summation. The parallel algorithm produces a group of blocks equal to the 
number of processor kernels for each of which parallel data arrays are formed. The programmed code 
for forming such groups of data looks like this [1, 2, 5, 6, 13]: 

HANDLE_ERROR( cudaMalloc( (void**)&dev_a, sizeof( int ) ) ); 

HANDLE_ERROR( cudaMalloc( (void**)&dev_b, sizeof( int ) ) ); 

HANDLE_ERROR( cudaMalloc( (void**)&dev_c, sizeof( int ) ) ); 

Upon producing the programmed complex one needs to copy the data to the computing processor 
using the programming operator cudaMemcpyDeviceToHost to organize computations over the vector 
types of data:  

cudaMemcpy( dev_a, &z, sizeof(int),cudaMemcpyHostToDevice ); 

cudaMemcpy( dev_b, &d, sizeof(int),cudaMemcpyHostToDevice) ); 

cudaMemcpy( dev_c, &k, sizeof( int ), cudaMemcpyHostToDevice ); 

Calling the computing module is done using the scheme with rigid link to the performer kernel: 

add<<<1,N>>>( dev_t_mas , dev_z, dev_k1, dev_k2, dev_l, dev_a, dev_t_zad, dev_k, dev_d, dev_s);  

It made possible the functioning of that module exceptionally on the first processor of the calculator in 
an unlimited number of streams (the principal difference between a graphic processor and a PC processor is 
that the graphic processor has hundreds of arithmetic and logical devices while the PC processor only has 
one). Changing the first parameter of the function one may run calculations on other calculators, provided 
they are available in the system. Also, combining such parameters one may produce programmed controls 
for high capacity systems based on NVidia tesla calculators. However, since tesla calculators feature four 
built-in processors of 2000 kernels each, one needs to calculate stream operations additionally. Therefore a 
possibility opens to do parallel processing of groups of data [8, 11] gaining higher productivity of compu-
tational media. 

The results of analyzing aerial pictures of the Kislovodsk deposit taken from board UAV provided 
by the «Narzan» OJSC with the use of both techniques appeared to be identical to each other, however 
computer time spent on them was quite different: it took 15 min for the linear algorithm and 58 s for the 
parallel algorithm (State Registration Certificates on Computer SW Nos 2013661620, 2014613035, 
2014613151). Note that while solving the task no extra computational techniques were involved, such 
as, e.g., the section technique, the variables separation technique or any others.  

Analysis of temperature fields of hydrolithospheric seams. When calculating temperature fields, 
second order differential equations in partial derivatives are used. To solve that task the respective equa-
tion is presented in the form: 
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where T – temperature; t – time; a – the coefficient of temperature conductivity; τ – time increment;  
Q – the power output of internal heat sources.  

Having calculated the temperature field on the basis of parallel synthesis algorithm [2, 4], we obtain 
a discrete analogue of the mathematical model. That discrete analogue of the mathematical model of 
temperature field is presented in the form of the equation 
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Since a specific feature of the Kislovodsk deposit of Narzan is the presence of different types of 
Narzan in one and the same geographical location (sulfate, dolomite, common), one needs to calculate 
temperature fields for each Narzan seam. For that purpose we produce discrete analogues for three types 
of Narzan located one on top of the other [1, 2, 5-15]:  
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Next we provide the initial code of the program module that executes modeling itself. Note that the 
procedure starts with the announcement «global». The key word __global__ in the announcement and the 
function definition means that the function is executed on the graphic map, that function called up from 
the CPU. An unalienable attribute of such a function are the brackets <<< >>> when that function is 
called. The compiler nvcc splits the initial code into parts which are executed separately on the CPU and 
the GPU. The code generated for such functions is executed by the GPU as kernel: 

__global__ void Cuda_proccedure(double ****dT)  
for (r=1; r<=I-1; r++) 
for (fi=1; fi<=30; fi++) 
for (x=1; x<=1199; x++) 
{ if ((r<5)||(r>8)) {a=22.16;} 
else a=0.3769; 
dT[r][fi][x][timer]=((T[r-1][fi][x][timer]- 
2*T[r][fi][x][timer]+T[r+1][fi][x][timer])/r*r+(T[r][fi-1][x][timer]- 
2*T[r][fi][x][timer]+T[r][fi+1][x][timer])/fi*fi+(T[r][fi][x-1][timer]- 
2*T[r][fi][x][timer]+T[r][fi+1][x+1][timer])/x*x); } 
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The results of mathematical modeling of temperature fields using a supercomputer and a common 
PC are identical to the fifth decimal position, however the time spent on parallel computing using the 
respective algorithm is much shorter. 

Results and discussion. Using unmanned aerial vehicles as aerial photographing platforms has a 
great future. Employing such unmanned aerial vehicles in conjunction with the Nvidia CUDA SW/HW 
platform with accelerate the rate of processing the data provided by such aerial photography. However, 
one should never forget that using the Nvidia CUDA technology only provides higher productivity in 
case parallel algorithms are used. When aerial photographs are taken over large areas, the Nvidia CUDA 
SW/HW technologies help to reduce considerably the time spent on calculating both elevation and depth 
characteristics due to simultaneous coverage of the array from several sides.  

Productivity may also be improved via plotting the terrain relief in bi-directional mode. Since the 
HW architecture of Nvidia CUDA includes at least 96 arithmetic logical devices, that system is capable 
of supporting 96 directions of processing modes for bitmap images, minimum. Such quantity of arith-
metic logical devices exists in the cheapest budget versions of graphic accelerators that support the 
Nvidia CUDA technology.  

If one considers more expanded versions of that technology, graphic accelerators of the «Tesla» 
class may be used. Such accelerators are fitted with four processors of 2000 arithmetic logical devices 
each, their cumulative rate reaching 1 teraflop (1 Trillion operations per second). Using a graphic accel-
erator in a local PC makes it possible to build the elevation matrix for a map of a graphic object of 100 
ha area in 6 s. Regular PCs take a day to do that job.  

 
 

Conclusions 
 
The following conclusions may be formulated on the results of this study. 
1. The analysis of aerial spectral photographs using parallel algorithms has demonstrated consider-

able increase in the data processing rate, especially when calculating depths and analyzing chemical 
composition of the rivers. It gives a possibility of fast mapping of water seams across terrain. 

2. The analysis of temperature fields from the photographs demonstrates that the process of heating 
is inhomogeneous in dependence of elevation above the sea level. Presumably, it is related to the pres-
ence of thermal sources, hence of hot dolomite and sulfate sources of Narzan in the foothills of the Main 
Caucasus Ridge.  

3. Simulating these processes on a hybrid supercomputer has taken 10 min. A linear algorithm run 
on a common PC takes 6 hours to simulate such a process. High simulation rate is implemented mainly 
due to a 96-kernel processor operating at higher cumulative rate than a regular processor of a common 
PC [4,5]. 

The analysis of results of mathematical simulation indicates that the process of parallel analysis of 
data from seismic survey of hydro-lithospheric seams of mineral water may be accelerated quite no-
ticeably with application of hybrid supercomputers. Their use would reduce considerably modeling of 
transitional characteristics. 
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