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Введение

В работе [1] было установлено, что альтернативой медленному секторному обзору при формировании радиолокационного изображения (РЛИ) является быстрый панорамный обзор в максимально широком азимутальном секторе (до 320). Реализация данного режима обзора опирается на использование набора цифровых полосовых фильтров-дециматоров, выполняющих предварительную селекцию отдельных частотных полос траекторного сигнала (аналогичную пространственно-частотной селекции при секторном обзоре). Целью настоящих исследований является моделирование и расчет параметров банка (набора) фильтров-дециматоров с заданными свойствами частотной избирательности, обеспечивающими построение древовидной структуры цифрового приемника траекторного сигнала.

Моделирование древовидной структуры цифрового приемника траекторного сигнала
Проектирование древовидной структуры цифрового приемника траекторного сигнала было осуществлено в программной среде Simulink. Общая схема древовидной структуры представлена на рис.1. 
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Рис. 1. Общая схема древовидной структуры

На вход схемы подается сигнал, содержащий четырнадцать полос РЛИ, т.е. четырнадцать частотных каналов. Комплексный входной сигнал представляется двумя матрицами элементов 4393х398, сохраненных в рабочей области MATLAB. При моделировании сигнал поступает на вход из рабочей области в виде двух векторов. Поскольку обработка сигнала в структуре ведется построчно (фрэймами), то для того чтобы при децимации получались целые значения, сигнал дополнен комплексными нулями до 4500x398. Частота поступления элементов на вход структуры, соответствует частоте дискретизации – 6400 Гц. 

Проектируемая структура состоит из следующих основных блоков: демодуляторов (demod), цифровых фильтров (Filter), блоков функций (functions), блоков задержки (Delay), выходного блока (sout).

Основное назначение демодулятора состоит в переносе центральных частот в каждой исследуемой полосе в нуль, с целью дальнейшего выделения этой полосы с помощью фильтра. Демодуляция осуществляется домножением комплексного входного сигнала на экспоненту соответствующей центральной частоты.

В табл.1 приведены центральные частоты для каждой полосы. Центральные частоты, которые вводятся в блоки демодуляторов, в таблице отмечены ячейками с затемнением. Некоторые центральные частоты демодуляторов имеют отрицательное значение. В этом случае используется демодулятор, в котором блоки дискретных сигналов cos и sin меняются местами.

На структурной схеме приемника РЛИ (рис.1) также имеются дополнительный демодулятор, центральная частота которого составляет 4 кГц. Этот демодулятор необходим для переноса всего частотного диапазона траекторного сигнала в окрестность центральной полосы FД0” = 2036 Гц, т.е. в полосу от 1111 Гц до 2889 Гц.

Таблица 1. Центральные частоты полос РЛИ

№

пол.
Центральные частоты
Центр. частота для 8-14 полос
Центр. частоты демодуляторов
Центр. частота для 12-14 полос
Центр. частоты демодуляторов

1
1260,455





2
1482,171





3
1683,755





4
1876,461





5
2047,167





6
2204,172





7
2352





8
2477,962
2673,595
-195,633



9
2591,137

-82,458



10
2687,817

14,222



11
2769,396

95,801



12
2832,478

158,883
192,2
-33,317

13
2883,609

210,014

17,814

14
2915,73

242,135

49,935

Основным элементом схемы цифрового фильтра является стандартный блок Digital Filter, позволяющий автоматически запускать приложение MATLAB FDATool и рассчитывать фильтры с нужными параметрами. При моделировании структуры использовались четыре типа цифровых фильтров. Поскольку на вход блока цифрового фильтра поступает комплексный сигнал, то перед фильтром ставится формирователь комплексного сигнала.

Блок функций состоит из: буфера элементов (Buffer), функции децимации (decimator), функции вычисления FFT и функции компоновки выходного вектора (Reordering). Буфер элементов необходим для накопления в процессе модуляции такого количества отсчетов, которое соответствует одному фрейму (4500). В следующем блоке осуществляется децимация. Коэффициент децимации для каналов различен и составляет 14, 5, 4 и 2. После децимации вычисляется ДПФ поступившего сигнала. Каждый отсчет при этом делится на размерность ДПФ, с целью нормировки выходного значения сигнала. Затем в следующем блоке компонуется выходной вектор очередной строки матрицы.

Блок задержки используется для учета задержки отсчетов сигнала, которая возникает после прохождения его через цифровой фильтр. Для первых семи полос задержка составляет 56 отсчетов. Для 8-11 полосы задержка 46, 12-13 полосы – 13, для четырнадцатой 36.
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Выходной блок необходим для вывода результирующего вектора в рабочую область пространства MATLAB. 

Рис. 2. Амплитудно-частотные характеристики низкочастотных фильтров

Расчет параметров низкочастотных фильтров-дециматоров

Для построения древовидной структуры требуются фильтры-дециматоры с четырьмя разными значениями коэффициента децимации: 14, 5, 4 и 2. Расчет параметров набора цифровых фильтров был проведен при помощи специального программного средства FDATool, интегрированного в среду MATLAB. В качестве метода проектирования набора фильтров с конечной импульсной характеристикой был выбран метод Чебышева.  Параметры низкочастотных фильтров приведены в табл.2, а амплитудно-частотные характеристики фильтров представлены на рис.2.

Таблица 4.2. Параметры набора низкочастотных фильтров-дециматоров

Параметры
Фильтр 1
Фильтр 2
Фильтр 3
Фильтр 4

Частота дискретизации, Гц
6400
6400
1280
256

Частота среза, Гц
112.5
520
60
30

Частота задержания, Гц
344.5
760
196
98

Уровень пропускания, dB
0.01
0.01
0.01
0.01

Уровень подавления, dB
80
80
80
80

Порядок фильтра
112
109
38
13

Заключение

Проведенный в работе расчет параметров и моделирование древовидной структуры цифрового приемника траекторного сигнала для режима панорамного обзора экспериментально подтвердили работоспособность и вычислительную эффективность предложенного метода формирования РЛИ. Вместе с тем, осталась нерешенной проблема стыковки соседних секций по уровню яркости. Эта проблема синтеза набора полосовых фильтров-дециматоров с соответствующими коэффициентами передачи и частотной избирательности является предметом дальнейших исследований.
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DESIGNING THE STRUCTURE OF DIGITAL RECEIVER FOR THE MODE OF THE PANORAMIC REVIEW IN GROUND-MAPPING RADARS
Andreev N.1, Vityazev S.2, Jakunin S.2
1 Ryazan State Instrument-Making Enterprise
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In work [1] it has been established, that alternative to the slow sector review at formation of radar-tracking image is the fast panoramic review in maximum wide azimuthal sector (up to 320). Realization of the given mode of the review is based on use of a set of the digital strip filters-decimators which are carrying out preliminary selection of separate frequency strips of a signal (similar to spatial-frequency selection at the sector review). The purpose of the present research is to design and model the set of filters-decimators with the required properties of frequency selectivity. The set of filters was designed with treelike structure.
Designing and modelling the treelike structure of the digital receiver has been carried out in Simulink environment. 

On an input of the circuit the signal containing fourteen source image strips, i.e. fourteen frequency channels, moves. 

Demodulators carry the central frequency in each channel to zero making it possible to decrease the sampling frequency. At the next stage of processing, a filter-decimator decreases the sampling frequency of signal. Depending on the channel and signal parameters demodulator and filter-decimator stages can repeat for 1 to 3 times decreasing computing load dramatically at the small angles. 

To construct the treelike structure of filters-decimators four different values of decimation ratio are required: 14, 5, 4 and 2. Filters parameters are calculated by means of the special software FDATool integrated into MATLAB environment. FIR-filters with the Chebyshov design method has been chosen. 
Modelling the operation of the digital receiver treelike structure in Simulink has experimentally confirmed serviceability and computing efficiency of the suggested processing method. At the same time, a problem of joining the neighbouring image strips was not solved. A correctness of brightness levels in different image strips, by means of selection filter-decimators transfer functions is needed. Additional research is required here.
The literature
1. Vityazev V.V., Kolod’ko G.N., Vityazev S.V. Algorithms and ways of radar ground-image forming in a Doppler-ground-mapping mode. \\ Digital Signal Processing, 2006, № 3, pp. 31-41.
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ON THE IMPACT OF THE COMPUTATIONAL PROPERTIES OF IMAGE PROCESSING ALGORITHMS ON THEIR IMPLEMENTATION

Filippov A., Rufitskiy V., Chuhno V., Ivlenkov M., Barashkov A., Tarakanov P.

Sigma-IS Ltd., Moscow, Russia

Today, PC-based implementations of various complex image processing algorithms are widespread. This has been caused by the following reasons:

· The prices of personal computers (approximately €1000 for a typical PC and approximately €2500 for an industrial one) are acceptable for many applications (e.g., optical defect inspection in glass manufacturing, morphological analysis in geology and biology, and fingerprint recognition).

· The performance of state-of-the-art PCs is high enough (MOPS or MFLOPS).

· A lot of ready-to-use operating systems (e.g., Windows, Linux, Solaris and other UNIX-like operating systems) and other software (both commercial and free one) have been developed for this platform.

· Since this platform is supported by many manufacturers, it is very easy to connect peripherals (e.g., analog and digital video cameras) to a PC through different interfaces.

· There is substantial technical support, including a huge amount of libraries (e.g., Intel Performance Libraries), compilers and integrated development environments (for instance, Microsoft Visual Studio and Borland C++ Builder) for the PC platform.

However, the application field of the PC-based implementation is constrained by the following factors: the performance of the platform; time to market for PC-based software; the sample price (which is defined by the manufacturing volume, by the development cost, and by the components price). For instance, PC-based implementation is not expedient for high manufacturing volume because special-purpose hardware can provide lower price of the components than a general-purpose PC can. However, the development cost and the time to market for embedded implementation are substantial, so this approach cannot be used for small volume production. Nevertheless, the performance of PC-based solutions is not sufficient for the real-time implementation of certain image processing algorithms which are widespread in industrial image processing and pattern recognition. This can be illustrated by the following examples. Firstly it is texture analysis methods, like feature extraction algorithms (e.g., Haralick or Unser texture analysis [1-3]); principal components analysis, semidefinite embedding, latent semantic analysis and etc. Secondly, there is a variety of filtering techniques, including wavelet transforms, bluring and denoising operations [4]. Thirdly, 3D modeling requires a lot of computational operations. And finally, image scaling and rotation algorithms are noteworthy as well.

To avoid these limitations, the following options are possible:

· To change the hardware platform (to use a more powerful computer),

· To apply distributed calculations on the base of computer networks,

· To increase the performance of the PC by means of an accelerator card.

In order to select the most efficient option, we have to define two types of criteria:

· Computational properties that determine hardware features;

· Economical characteristics (the time to market for the solution and the sample price). 

Among the common computational properties of image processing algorithms, we would like to point out the following ones:

· Computational complexity;

· Level of parallelism;

· Required memory parameters (type, size, access time, etc.);

· Input/output rate.

The comparison of the enlisted three approaches by the example of Haralick features extraction method is shown in table 1. The source image has a resolution of 1024x1024 pixels at 24 bpp. According to the obtained results, we have come to the conclusion that the accelerator card is a more preferable solution for the described case. It is expedient to interpret the given results.

The most important disadvantages of the first approach are its high price and fixed kind of parallelism. For instance, Xeon as a majority of processors for personal computers and workstations is superscalar and does not provide the effects of matrix and vector architectures which are important and more suitable for large image (more, than 1024x1024 pixels at 24 bpp) processing. In addition, the computer price increases depending on its performance non-linearly. This fact restricts the potential application fields of the first approach as well.

Table 1. The comparison of the approaches

Approach
Computational properties of the image processing algorithm
Economical 

characteristics


Computational complexity (operations per pixel)
Level of parallelism

(number of threads)
Required

memory 

parameters
Input/Output rate
Time to market

(days)
The sample price

(€)




RAM

(Mb)
L2

(Kb)
Number of 32-bit DMA 32K transfers
Other



PC implementation
2048
1
4
1024
16 

60
1000

New platform:

a PC with the Xeon processor

4
4
1024


30
2500

Ethernet network

of 4 hosts

1x4
1x4
256x4

UDP:

1024x1Kbx4
90
4200

Accelerator card
Host

1
2
n/a
n/a
PCI:

32x32Kb
60
700


Target

64(FPGA) & 1(DSP)
2
256



300

Computer network is a solution that has become more and more popular recently. Nevertheless, this approach has certain disadvantages. One of the most essential disadvantages is the system price. Every host of a PC-based network is a complete computational unit with excess components. Accelerator cards have no such excess. That’s why their price is generally lower. Another disadvantage is a loss of mobility as compared to PC-based solutions and especially to embedded solutions. Wireless networks somewhat lessen this drawback but do not remove it. Finally, there’s still a problem in network throughput. For wired networks, the most today’s solution is currently Ethernet technology. Its upper limit is of 1 Gbit/s (approximately 120 Mbytes/s). The real communication speed is reduced due to network collisions and synchronization requests. Meanwhile for the 33 MHz variant of the PCI standard, an accelerator card can communicate on 132 Mbytes/s and even 264 Mbytes/s in the case of the 66 MHz variant. PCI-express solutions can provide a bitrate of up to 1 Gbyte/s. All these facts make network solutions less preferable than they seem at first glance.

Another approach consists in the usage of the accelerator card (table 2, figures 1 and 2). In particular, its computational core can be jointly built on the base of Texas Instruments TMS320DM642 Digital Signal Processor (DSP) and Altera Cyclone II Field Programmable Gate Array (FPGA). This solution is a tradeoff between consequent and parallel implementations which are based on the DSP and on the FPGA respectively. Such an approach provides the required flexibility to vary the level of parallelism fluently by reconfiguring the FPGA and reloading DSP programs. As a communication interface with a PC-based host, the PCI bus is used.

Table 2. Technical features of the target device

Feature (component or parameter)
Description

DSP
TMS320DM642 (720 MHz)

FPGA
EP2C8 (Altera Cyclone II)

Static RAM (SRAM)
MT48LC4M32B2 (4Mх32x2)

Video Decoders
SAA7113х4 or TVP5154

Video Encoder
SAA7120

Reprogrammable Flash configuration memory
AT45DB081B (4 MBytes)

Communication peripherals
PCI (33 / 66 MHz)

A PC-based host has the possibility to delegate computational tasks to its PCI module and to receive processing results much faster, than by distributed computations or by employing the second CPU. This benefit is acquired due to the DSP and FPGA architectures that are intended on highly parallelizable image processing algorithms. However, it is not efficient in certain cases to implement some parts of algorithms on the base of the accelerator card. These conditions are defined by the following inequality: 
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Figure 1. Structure scheme of the dual processing system on the base of a PC and the accelerator card
Figure 2. The accelerator card on the base of TMS320DM642 DSP and Altera Cyclone II FPGA
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where 
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(5)
(5) demonstrates the interdependence between the computational properties of the image processing algorithms and their implementation explicitly. Obviously, almost all variables, used in (5), are functions of the computational properties, described above. For instance, 
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 depend on the computational complexity and the parallelism level of an algorithm, 
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 are influenced by the required memory parameters and the input/output rate.

To conclude the report, we would like to introduce several practical tasks, which the designed hardware can be applied to. First of all, it is texture analysis applications, as they are widely used in industrial pattern recognition [1-3,5-6] and can benefit from being accelerator-aided (especially, for the real-time cases).

One of the most important applications for the accelerator card is 3D graphics, since software for 3D modeling requires very complex calculations. In many cases, the PC performance is not sufficient to handle data in real-time mode. Currently, powerful workstations are applied for complex 3D modeling. Due to the flexibility of the proposed solution, the usage of specialized algorithms for function computation makes it possible to reduce processing time. For instance, certain compound functions describe coordinates of point motion on a sphere or on a hyperboloid [7]. Hence, they are very efficient for the implementation of 3D graphics algorithms, as such an approach provides the possibility to calculate compound functions approximately in the same amount of time as elementary ones (e.g. sinx, cosx, tanx, square root) [8-9]. The algorithms of compound functions calculation have been described in [7, 10]. Their software implementation is not efficient because these algorithms exploit specialized hardware structures [7]. Therefore, the most expedient way to implement these calculations is to use FPGA, since it allows one to avoid additional operations (command decoding in a processor, data exchange between arithmetic and general-purpose registers, etc) [7]. Thus, typical operations for digital signal processing algorithms (e.g., addition with result accumulation, MAC operations) are implemented in the DSP and non-typical (for digital signal processing) ones which are repeated many times are implemented in the FPGA (e.g., the calculation of the evolvent of cylindrical and other surfaces) [8-9].

Another noteworthy application is video capture, processing (e.g., real-time compression, motion or face detection) and displaying on the base of the accelerator card. For instance, the proposed device is able to capture and to compress 4 video streams with CIF resolution at 25 fps providing a minimum of 256 kbps per channel using the H.263 algorithm. In addition, one video stream including “picture-in-picture” mode can be displayed on a TV monitor.

Thus, the most substantial advantages of the proposed approach include the following: moderate price; short time to market; implementation easiness; multifunctionality and flexibility; high level of parallelism. The wide spectrum of such accelerator cards (which differ from each other by types of used FPGAs, memory size, video decoders and encoders, etc) is developed and manufactured by Sigma-IS Ltd. In addition, application software can be ported and optimized according to customer needs.
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