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[6] Modern key technologies in automatics: Structures and  consist in three steps. These steps are the
numerical optimization of regulators. Zhmud, V., identification of the object, selection of structure of
Yadrishnikov, O., Poloshchuk, A., Zavorin, A. 2012. the regulator and the calculation of the parameters for
2[?;23?;'?;;10%%1’2IFggT'géelrga“O”a' Forum on it. Methods of analytical calculation of regulators

’ ' parameters may be extremelifficult to apply due to

[7] The design of théeedback systems by means of the . X
modeling and optimization in the program VisSim the complexity of the object model. Recently, one of

5.0/6. Zhmud, V., Liapidevskiy, A., Prokhorenko, E. the widely used methods of analysis andtisgsis of

2010. Proceedings of the IASTED International regulators is a numerical optimization. It is carried

Confeence on Modelling, Identification and Control. out in the mathematical modeling of the system [1].

PP.2732. In a series of papers {lI0] a number of measures
[8] V. Zhmud, O. Yadrishnikov. Numerical optimization of have been developed to create a target (cost) function

P'D'“fegu'ators using :jhe imprfopﬁr rtgoving detecm{ in to optimize contral These measuresallow an
cost furction. Proceedings of the-t8 Internationa : -

, effective search for the PID coefficients. At that,
Forum on Strategic Technology 2013 (IFO3I13), recommendations are developed about ways how to

vol. I, 28 Junei 1 July. Mongolian University of . . . L
Science and Témalogy L)jlaanbagator MongoliaE)IIEE modify the cost function to increase the stability

organized. 2013. P65 270. margin in the system, to reduce thfatic error, to
http://www.must.edu.mn/IFOST2013/ reduce overshoot, to eliminate or redube teverse

[9] V. Zhmud, A. Polishchuk, A. Voevod&. V. Rao. The overshoot and so on, including resource saving. All
Tuning of the PIBRegulator for AutomaticControl these measures have been tried for controller
System of Thermo EnergetEquipment // Proceedings optimization, solving the problem of the control of
of the Fifth Interational Conference on Advances in object with distributed parameters, but the best result

Mechanical Enmeering (ICAME2011), June 068,
2011.Surati 395 007, Gujarat, India. pg54-263.

[10] Zhmud V.A., Zavorin A.N. Metodi di
ottimizzazione del controllo numerico su una modelli

is characterized by overshooting ab@@®6, that for
many practical problems may be too large. This paper
proposes a hew method of control, which is a special

troncati. ltalian Science Bview. 2014; 4(13). PP. 686 modification of a cost function. This method reduced
689. Available at URL:  http://www.ias the overshooting to a value of about 11%, which may
journal.org/archive/2014/april/Zhmud.pdf] http://www.ias be preferred for some applicatis, even despite the

journal.org/archives/apr2014 fact that the duration of the transient system

increased. The proposed method adds an arsenal of
techniques of control of complex dynamic objects.

] OHd B ¢tCOH! joid Key words regulation, delay, object with
LOd jHEE®NJ?2 distributed parameters, control, modelingnsiation
polstsdzBOIsd ¢ d 110UV
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Control of Object with Feedback Loop
Using Imperfect Position and
Acceleraton Sensors

Vadim Zhmud, Vladimir Semibalamut, Oleg
Yadrishnikov, Vitaly Trubin

Abstract The paper discusses the problem of
balancing robot control loop with negative feedback.
The controller (regulator) can be calculated by
numerical optimization. Senso of the controlled
value are imperfect. Orientation angle sensor
(gyroscope) has a limited speed, as well as binary
gquantization noise. An acceleration sensor
(accelerometer) has the average drift value and
Gaussian noise. None of these sensors is not
suficient to stabilize balancing of the robot
effectively, but using of them both in a single control
loop can achieve the required accuracy of control in
static and dynamic. Method of sharing the two
sensors to determine more accurately the single
value, peviously developed in theory, has been
tested with simulation. Furthermore, the results are
confirmed with their practical use with good effect.

Key words automation, control, transient process,
stability, quality of control, closetbop system, the
accuacy of the sensors, balancing robot, gyroscope,
accelerometer
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Function Name Number of Calls Elapsed Inclusive Time % | Elapsed Exclusive Time % ¥ | Avg Elapsed Inclusive Time Avg Elapsed Exclusive Time
holography:imageloader:Load 1 33,10 29,22 10 835,59 9 567,14
‘vector constructor iterator’ 4096 4914 22,84 393 1,83
alglib:zcomplex:complex 16 777 216 17,45 17,45 0,00 0,00
_RTC_CheckEsp 33 560 576 9,49 9,49 0,00 0,00
holography:Fresnel:Reconstruct 1 56,86 6,33 18 615,42 207231
holography:Experiment:Step 1 61,88 502 20 259,07 164365
main 1 100,00 375 3273694 122777
_Freelmage_GetPixelColor@16 16777 216 3,13 3,13 0,00 0,00

operator newl[] 20 485 1,57 1,57 0,03 0,03
_Freelmage_Load®@12 1 0,99 0,99 324,83 324,83
holography:ReferenceBeam:GenerateFielg 1 0,16 0,16 53,16 53,16

1dB-AtcOG B dzs lsOB dzd y' toj LAt disjOHisttson Ghistf Qg @ENddcdQ o ' ff s dzdzw j
@ tsdzj | HtoHBddlsjd desj otej dzw.
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Function Name Number of Calls
4-- CUDA-holography-project.exe 0
4--mainCRTStartup 1
4-_tmainCRTStartup 1

4. main 1

4-- holography:Experiment:Undertake 1

4 holography:Experiment:Step 1

4-- holography:Fresnel:Reconstruct 1
4096
16777 216

- "vector constructor iterator’

- alglibzcomplex:complex

. _RTC_CheckEsp 16 781312
operator new(] 8194

4-- holography:Experiment:Loadlmag 1
4-- holography:lmageloader:Load 1
i holography:lmageloader:Lo 1

fe _Freelmage_GetPixelColor| 16 777 216

{ qIPACOCd3j dzs lsOB dzd YT

Vot oSSl ?130 1awrRe[

Elapsed Inclusive Time % Elapsed Exclusive Time % Avg Elapsed Inclusive Time Avg Elapsed Exclusive Time
100,00 0,00 0,00 0,00
100,00 0,00 32 737,10 0,01
100,00 0,00 3273709 0,06
100,00 3,75 3273694 1227,77

96,25 0,00 31509,14 0,24
61,88 5,02 20 259,07 1643,65
56,86 6,33 1861542 2072,31
49,14 22,84 3,93 1,83
17,45 1745 0,00 0,00

8,85 8,85 0,00 0,00

1,23 1,23 0,05 0,05
34,12 0,00 11 168,61 0,00
34,12 0,00 11 168,57 0,00
33,10 29,22 10 835,59 9 567,14

313 3,13 0,00 0,00
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Ldzj d3j delsts e, qdzH j €M Cobtkr Bdsé] ydhizeshy, @OSOCy]  ©OI
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J dimsldas mdzj H 59 Qldsipez dzf 2
void GenerateFieldSer ial (double ccd pixel _dist , int size _in _pixel , double angle ,
alglib :: complex **& output _field ){

...

for (int i= 0;i<size_in_pixel; i++) {
double phase_angle = - wave_num * sin(angle) * ccd;
double line_real = cos(phase_angle) * inten sity;
...
for (int j= 0;]<size_in_pixel; j++) {

outputField[i][j].x = line_real;
...

}
...
}
}
I 17 f tsdzdzd ®HdJite © Wdzf65 Is™ M4 dzj d3J dzls s o
GenerateFieldSerial(ccd_pixel_dist, 256, angle, output_field);

[ d f)ls 2{ 1dz8 tc O dzdzjSAR@UDA2

__global _ void GenerateFieldParallel( double ccd_pixel_dist, double angle,
cufftComplex*& outputField) {
int inde x = blockDim.x * blockldx.x + threadldx.x;

int i=index/size_in_pixel;

int j=index % size_in_pixel;

...

double phase_angle = - wavenum * sin(angle) * (ccd + ccdPixelDist * i);

double line_real = cos(phase_angle) * intensity;
...

outputField[i * size_in_pixel + j].x = line_real;

...

}
I 17 f tsdzdz] ®Hdjjte © WEf65 Is' 1 dzj d3j dzls 59
GenerateFieldParallel<<< 256, 256>>>(ccd_pixel_dist, angle, output_field);
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[ il d dzs"BHEGBDA Y] S dzd uj MS seEts MHodeO EOstdy”

__global __ void MatrixHalfSizeCyrcularShiftKernel ( cufftComplex *matrix , int
size ) {

int index = blockDim .x * blockldx .x + threadldx .X;

int source _i index [/ size ;

int source _j index % size ;

int destinati  on_i =( source i +( size [/ 2))% size ;
int destination _j =( source | +( size [/ 2))% size ;

cufftComplex temp = matrix [ destination i * size + destination _j;

matrix [ destination i * size + destination _j]= matrix [source _i * size +
source _jI;

matrix [source _i * size + source j]= temp;

}

[ diMmis dade Od dgjglds H O oV HLIGKED D
#define THREADSPER BLOCK 256

void MatrixCUDAULtils :: MatrixHalfSizeCyrcularShiftinplace (cufftComplex *& matrix
int size ){
int blocks count =(( size * size )/ 2)/ THREADSPER BLOCK
MatrixHalfSizeCyrc ularShiftkernel <<<blocks _count ,

THREADSPER BLOCK:>>( matrix , size );
cudaError _t error _code = cudaGetLastError  ();
if (error _code != cudaSuccess ) {
fprintf  (stderr , "Failed to launch MatrixHalfSizeCyrcularShiftKernel
kernel (error code %)! \n", cudaGetErrorString (error _code));
exit (EXIT_FAILURE);

}
}
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#define FACTORARRAYSIZE 2
__constant __ double device _factor [ FACTORARRAY SIZE];

| d Mmisef alzs OfF difsts i dzj H 59 As{Cds HABS 6 t5
double host _factor [ FACTORARRAY SIZE];

double host factor [0]= -HOLOPI * wavelLength * 2z _distance
double host factor [1]= -wavenum * z_distance
cudaMemcpyToSymbol ( device _factor , host _factor , sizeof (double )*
FACTOR ARRAY SIZE);

[ d f)lsT e O¢ i jMMIDAY H & O

double var real = cos(device _factor [O0]* dist );
double var _img = sin (device _factor [1]* dist );
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[ dMmlis d ddemn S8t jilstelgssB ac@dzd | Akte! | ) dMisd L sa®@EEdj &3 Bdedzdtslsj ¢ d
cufftHandle plan 2D;

cufftPlan 2d(&plan 2D, size , size , CUFFT C20);

cufftComplex *device _CUDAddata ;

checkCudaErrors (cudaMalloc (( void **)& device _CUDAdata , sizeof (cufftComplex )*

size * size ));

checkCudaErrors (cudaMemcpy(device CUDAdata , host CUDAdata ,

sizeof (cufftComplex )* size * size , cudaMemcpyHostToDevice ));

cufftExecC 2C(plan 2D, device _CUDAdata , device _CUDAdata, forwar d ? CUFFT FORWARD
. CUFFT INVERSE);

checkCudaErrors (cudaMemcpy( host CUDAdata , device _CUDAdata ,

sizeof (cufftComplex )* size * size , cudaMemcpyDeviceToHost ));

cufftDestroy (plan 2D);

checkCudaErrors (cudaFree (device _CUDAdata ));
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__global _ void getAverageKernel (double *array , double *avg value ){
__shared __ double avg[ THREADSPER BLOCK;
int array _index = BLOCKSPER GRID_ ROW* THREADSPER BLOCK?* blockldx .y + 256
* blockldx .x + threadldx . Xx;

avg [ threadldx . x]=
__syncthreads ();
in t nTotalThreads

array [array _index J;
= blockDim . x;

while (nTotalThreads
int  halfPoint = ( nTotalThreads
if (threadldx .x < halfPoint ){
avg|[ threadldx .x]+= avg][ threadldx

avg[ threadldx .x]/= 2;

> 1){ o
>> 1);

__syncthreads ();

nTotalThreads = ( nTotalThreads >> 1);
}
if (threadldx .x == 0){
avg _value [ BLOCKSPER GRID_ROW* blockldx
}
}
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Accelerating methods of the fabric
products assembly

I.E. LANDOVSKAYA, V.D. FROLOVSKY,
V.V. LANDOVSKY

Abstract: Using of the parallel pmrcessing
methods during the simulation of the fabric material
products on the solid planle o und e d
to accelerate the simulation process is considered in
the paper. The algorithms for paralleling the
calculations on the central processingt amd on the
graphics processor of the video display adapter are
presented.

Keywords: the parallel processing methods,
simulation of the fabric materials, particle method,
leapfrog scheme.
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