1. Цифровая обработка сигналов (ЦОС)

Программная модель реализации алгоритмов ЦОС учитывает требования стандарта eXpresDSP, внедряемого фирмой TI. Модель предполагает максимальную переносимость разработанного программного кода между различными семействами ЦСП фирмы TI.
1.1. Типы сигналов ЦОС

Цифровая обработка сигналов (ЦОС) изучает дискретные и цифровые сигналы, системы их обработки, а также цифровые процессоры, реализующие данные системы.

Сигнал - это изменение параметров среды распространения в зависимости от передаваемого сообщения, описываемое функцией времени. В качестве среды распространения могут выступать: электромагнитное поле (радиосигнал), воздух (звуковой сигнал), вода (гидроакустический сигнал), почва (сейсмический сигнал) и т. д.

В ЦОС различают четыре типа сигналов:

· Аналоговый (рис. 1, а) — это сигнал, непрерывный во времени и по значению. Описывается непрерывной (или кусочно-непрерывной) функцией времени x(t). Аргумент и функция могут принимать любые значения из некоторых произвольных интервалов: 
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Рис. 1. Основные типы сигналов

· Дискретный (рис. 1, б) — это сигнал, дискретный во времени и непрерывный по значению. Представляет собой последовательность чисел, называемых отсчетами. Описывается решетчатой функцией x(nT), где n = 0, 1, 2, 3… — номер отсчета, а Т — интервал между отсчетами, называемый периодом дискретизации. Обратную величину 1/Т называют частотой дискретизации
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. Решетчатая функция определена только в моменты времени t = nT и может принимать произвольное значение из некоторого произвольного интервала Xmin [image: image3.jpg]
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Xmax. 

· Цифровой (рис. 1, в) — это сигнал, дискретный во времени и квантованный по значению. Описывается решетчатой функцией, которая может принимать только конечное число значений из некоторого конечного интервала. Эти значения называются уровнями квантования, а соответствующая функция — квантованной. 

· Цифро-аналоговый (рис. 1, г) — это сигнал, непрерывный во времени и квантованный по значению. Описывается непрерывной (или кусочно-непрерывной) функцией времени xц(t), причем аргумент может принимать любые значения из некоторого интервала t' [image: image5.jpg]
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t", а сама функция — только конечное число значений из некоторого конечного интервала x' [image: image7.jpg]
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x", то есть является квантованной. 

В частотной области для описания сигналов используется преобразование Фурье. Оно представляет собой пару соотношений (функции прямого и обратного преобразования), которые устанавливают взаимнооднозначное соответствие между сигналом и спектром. Причем, под спектром понимается функция прямого преобразования Фурье, а под сигналом — функция обратного преобразования Фурье.

2.2. Обобщенная процедура ЦОС

Обобщенная процедура ЦОС включает три этапа:

· Преобразование входного аналогового сигнала в дискретный сигнал. 

· Обработка дискретного сигнала по заданному алгоритму цифровым сигнальным процессором (ЦСП) и формирование выходного дискретного сигнала. 

· Преобразование дискретного сигнала в выходной аналоговый. 

Система ЦОС, реализующая процедуру ЦОС, включает (рис. 2):
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Рис. 2. Система цифровой обработки сигналов

· Аналоговый антиэлайсинговый фильтр низкой частоты (АФНЧ). Обеспечивает корректность преобразования аналогового сигнала в дискретный. 

· Аналого-цифровой преобразователь (АЦП). Формирует из аналогового сигнала ~x(nT) цифровой x(nT) и выполняет две функции: дискретизацию во времени и квантование по уровням. 

· Цифровой сигнальный процессор (ЦСП). Вычисляет по заданному алгоритму выходной отсчет y(nT) в зависимости от входного отсчета x(nT). 

· Цифро-аналоговый преобразователь (ЦАП). Формирует цифро-аналоговый сигнал ~y(t). 

· Аналоговый сглаживающий фильтр низкой частоты (СФНЧ). С его помощью сигнал ~y(t) преобразуется в аналоговый сигнал y(t). 

Для программного моделирования алгоритмов ЦОС может быть использована файловая модель. Суть данного подхода заключается в том, что входное воздействие и реакция на него находятся в файлах, которые называются тестовыми векторами. При разработке конкретного алгоритма ЦОС (например, цифровой фильтрации) выбирают воздействие, реакция на которое заранее известна. Таких воздействий может быть несколько.

Обрабатывая входной файл при помощи программной реализации алгоритма, получают выходной файл и убеждаются в соответствии расчетного и полученного результатов. Основные требования файловой модели просты и заключаются в следующем:

· Наличие только одного заголовочного файла в программном коде. В данном файле производится подключение всех необходимых внешних библиотек, объявление констант, массивов, функций, макросов, пользовательских типов и т. д. 

· Создание контекстной структуры, включающей все необходимые для функционирования программы глобальные указатели, константы, переменные и т. д. 

· Отсутствие статических и динамических переменных и констант. Если их наличие необходимо, они инициализируются как глобальные и включаются в контекстную структуру. 

· Создание глобальных переменных, констант, структур и массивов производится в одном отдельном файле. Все глобальные переменные, константы и т. п. должны быть объявлены в заголовочном файле. 

· Каждая функция располагается в отдельном файле и должна быть объявлена в заголовочном файле. 

· Обмен данными между функциями осуществляется через указатель на контекстную структуру. 

· Программный код функций основывается на базовых операторах языка С. 

· Функции, реализующие алгоритм ЦОС, не должны быть привязаны к конкретному типу ЦСП. Обмен данными с периферийными устройствами ввода-вывода организуется через входной и выходной буфер. 

· Обработка массивов осуществляется через указатели на эти массивы, включенные в контекстную структуру. 

· Функция main() не должна включать программный код, реализующий алгоритм цифровой обработки сигналов. Задача данной функции — заполнить входной буфер данными из файла, вызвать основную функцию алгоритма ЦОС и записать результат из выходного буфера в выходной файл. 

Структура файловой модели показана на рис. 3.
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Рис. 3. Структура файловой модели программной реализации алгоритма ЦОС

Программный код, набранный в текстовом виде (файлы с расширением «.h» и «.cpp»), необходимо преобразовать в исполняемый модуль (файл с расширением «.exe»). Эта операция называется компиляцией, выполняется компилятором и включает два этапа:

· трансляция каждого файла с кодом программы (транслируются только файлы с расширением «.cpp», заголовочные файлы подключаются автоматически за счет директивы «#include») в объектные модули (файлы с расширением «.obj»); 

· компоновка (или линковка) объектных файлов в исполняемый модуль. 

На первом этапе проверяется соответствие программного кода каждого файла в отдельности требованиям языка С. На втором — взаимосвязь между частями программы (функциями, константами, массивами, подключаемыми внешними библиотеками и т. д.).

2. Решения на базе DSP-процессоров TMS320C6x
2.1.  Blood Gas Analyzer: Portable (Анализатор газов крови: Портативный)
Portable Blood Gas Analyzer Solutions from Texas Instruments.

Block Diagram
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Design Considerations

A portable blood gas analyzer is an instrument used for measuring partial pressures of oxygen, carbon dioxide, carbon monoxide, and nitrogen in blood.

The core subsystems include:

· Analog Front End
Multiple chemical sensor inputs are conditioned, multiplexed, amplified and digitized for processing.

· Microcontroller
Executes blood gas measuring processes and controls interface with memory and peripheral devices.

· LCD
Data display

· Power Management
Converts the input battery power to run various functional blocks.

· Analog Feedback Loop
Converts and conditions digital output from MCU to analog signal for self calibration at the sensor input stage.

2.2.  Blood Pressure Monitor (Монитор артериального давления)
Blood Pressure Monitor block diagram and design considerations.

Block Diagram
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Design Considerations

Or click on the colored blocks to view/sample recommended solutions.

Blood pressure monitors can use Korotkoff, Oscillometry, or Pulse Transit Time methods to measure blood pressure. They employ a pressure cuff, pump, and transducer to measure blood pressure and heart rate in three phases: Inflation, Measurement, and Deflation. They include an LCD, selection buttons, memory recall, power management, and USB interface.

The pressure transducer produces the output voltage proportional to the applied differential input pressure. The output voltages of the pressure transducer range from 0 to 40 mV, which need to be amplified so that the output voltage of the DC amplifier has a range from 0 to 5V. Thus, we need a high-gain amplifier. Then the signal from the DC amplifier will be passed on to the band-pass filter. The DC amplifier amplifies both DC and AC component of the signal. The filter is designed to have large gain at around 1-4 Hz and attenuate any signal that is out of the pass band. The AC component from filter is important for determining when to capture the systolic/diastolic pressures and heart rate of the patient. The final stage of the front end is an AC coupling stage, after which the signal is sent to analog to digital converters, and digitized.

The digital measurements of pressure and heart rate are performed by the microprocessor. Measurements results are stored in EEPROM or FLASH memory as a data log that can be uploaded to a PC via USB. The analog circuit is used to amplify both the DC and AC components of the output signal of pressure transducer so that we can use the MCU to process the signal and obtain useful information about the patient's health.
Fingerprint Biometrics (Биометрия отпечатков пальцев)
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Fingerprint Biometric technology refers to the use of a person's fingerprint characteristics for identifying that person.

Block Diagram

Design Considerations

Fingerprint biometrics are used in a variety of applications including electronic door locks, smart cards, vehicle ignition control systems, USB sticks with fingerprint controlled access, and many others. Digital signal processing elements in fingerprint scanners perform complex DSP functions such as filters, transforms, feature extraction, matching operations and other algorithms.

Fingerprint sensors can use capacitive, optical, pressure, or thermal technologies to obtain an image of a finger’s features. The most common fingerprint sensor solution first illuminates the print with a laser or LED light and then captures the image using a CCD or less expensive CMOS sensor. Fingerprint sensors are typically self contained modules that include an analog to digital converter to translate the analog information into a digital data stream. Resolution, dynamic range and pixel density are factors that contribute to the image quality and influence the accuracy of the sensor. 

Once the image is captured the digital information is transferred to a digital signal processor to generate a match. The first step in the matching process is conditioning the scanned fingerprint. Finger print readers rarely use the full fingerprint for identification. Rather, DSPs use algorithms to extract the unique features and patterns of each print to generate a unique digital code. The second step in the software flow is to take the code generated from the scanned image and compare it to a database of potential matches. The compare step requires the system to have access to print information in a networked database or a non-volatile memory unit. 

2.3.  CT Scanner (Компьютерный томограф)
Medical Imaging Solutions from Texas Instruments

Block Diagram
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Design Considerations

Computed tomography (CT) is a medical imaging technique that produces three-dimensional images of internal human body parts from a large series of two-dimensional X-ray images taken around a single axis of rotation. When compared with a conventional X-ray radiograph, which is an image of many planes superimposed on each other, a CT image exhibits significantly improved contrast. 

With the advent of diagnostic imaging systems like CT, where complex and intensive image processing is required, semiconductors play a very important role in developing systems with increased density, flexibility and high performance.

X-ray slice data is generated using an X-ray source that rotates around the object with X-ray detectors positioned on the opposite side of the circle from the X-ray source. The whole rotating structure is called gantry and every x-ray shot from a given angle is called profile. Of the order of 1000 profiles per revolution are taken progressively as the object is gradually passed through the gantry. The data acquisition system usually consists of a number of channel cards that have an array of scintillator-photodiode solid state detectors follow by the readout electronics. 

Each photodiode produces a current proportional to the x-ray intensity that the pixel receives. Traditionally, the channel card has a front-end where the current from the detector is integrated and converted to digital values by ADCs. TI’s DDC products are single-chip solutions for Directly Digitizing low-level Currents from photodiode arrays in CT scanners. Each DDC channel provides a dual switched integrator front-end to process the current coming from one photodiode. This configuration allows for continuous current integration (avoiding any input signal loss): while one integrator output is being digitized by the on board A/D converter, the other is integrating the input current.

The digital data from all channel cards is transferred by high-speed link (LVDS interface) to the controller card and onto the image conditioning cards. The image conditioning card is connected to the host computer where the CT images can be viewed. Here, the digital data are combined by the mathematical procedure known as tomographic reconstruction.

Within the controller cards, TI DSPs with advanced VelociTI, very-long-instruction-word (VLIW) architecture developed by Texas Instruments (TI), are an excellent choice for medical imaging applications. DSPs can be used to provide accurate control of the gantry rotation, the movement of the table (up/down and in/out), tilting of the gantry for angled images, and other functions such as turning the X-ray beam on and off. Another important DSP control functionality is ECG gating used to reduce motion artifacts caused by heart movement. Here, the data acquisition is carefully synchronized with the heartbeat. For interfacing with a PC, gigabit Ethernet transceivers allow for high-speed full-duplex point-to-point data transmissions. The PCI Express™ PHY interfaces the PCI Express Media Access Layer (MAC) to a PCI Express serial link.

The CT Scanner application may have ultra-fast transient requirements for high performance DSP and/or FPGAs, where TI’s high-performance non-isolated power modules are well suited. If high PSRR, fast start-up, and low noise are concerns, low-dropout (LDO) linear regulators are available. TI’s portfolio includes voltage supervisors, DC/DC converters, power modules, and LDOs that allows complete flexibility for the user to configure a power solution that meets the sequencing requirements for the system.
2.4.  Chemical/Gas Sensor (Химические / газовый датчик)
Chemical/Gas Sensor Solutions from Texas Instruments

Block Diagram
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Design Considerations

Electrochemical sensors are widely used as a sense mechanism for gas and chemical sensing. Common applications include carbon monoxide detectors, chemical species identification, Amperometric sensors etc. Electrochemical sensors can be considered simply as transducers that convert the physical characteristic of gas/chemical concentration to an electrical signal which can be processed by instrumentation.

Signal Conditioning: 

The programmable Analog Front End (AFE) is perfect for use in micro-power electrochemical sensing applications. It provides a complete signal path solution between a sensor and a microcontroller that generates an output voltage proportional to the cell current. The programmability enables it to support multiple electrochemical sensors such as 3-lead toxic gas sensors and 2-lead galvanic cell sensors with a single design as opposed to the multiple discrete solutions. The AFE supports gas sensitivities over a range of 0.5 nA/ppm to 9500 nA/ppm. It also allows for an easy conversion of current ranges from 5µA to 750µA full scale. The adjustable cell bias and Transimpedance amplifier (TIA) gain are programmable through the I2C interface. The I2C interface can also be used for sensor diagnostics. An integrated temperature sensor can be read by the user through the VOUT pin and used to provide additional signal correction in the µC or monitored to verify temperature conditions at the sensor. The AFE is optimized for micro-power applications and operates over a voltage range of 2.7V to 5.25V. The total current consumption can be less than 10μA. Further power savings are possible by switching off the TIA amplifier and shorting the reference electrode to the working electrode with an internal switch. 

Signal Acquisition and Processing:

TI's high resolution differential ADCs have low power consumption, wide dynamic range and low noise. This can be used to digitize the conditioned analog bridge output for high resolution, precision measurements. Alternately, one could use TI's MSP430 microcontrollers with integrated ADCs and DACs. Further post processing algorithms can be run on this MCU.

Interface and Communication:

Traditional analog (4 - 20mA) interface remains the popular choice for industrial control and sensor applications. The other popular protocols include HART, Profibus and IO-Link. TI’s IO-Link interface products have integrated regulators and diagnostic outputs. In addition, wireless options based on IEEE 802.15.4 protocols are becoming more prevalent. TI is committed to provide solutions for both traditional and emerging industrial interfaces. 

Power Management

The Field Transmitter can be powered in one of three ways. Line powered transmitters are commonly powered by voltage rails of 12V, or 24V. Loop powered transmitters are powered by the 4-20 mA loop. Such transmitters require extremely low power architectures as the entire solutions has to be powered off the loop. TI provides high efficiency Step Down converters with low quiescent current and low output ripple appropriate for Line and Loop powered transmitters. Battery powered transmitters powered can be designed using TI's low power Buck and Buck-Boost converters. The DC/DC buck converters offer over 95% efficiency over a wide battery voltage range, even with input voltage down to 1.8 volts extending battery life. Special Buck-Boost converters generate a stable required output voltage and supply constant current for over- and under-input voltage conditions and support various battery configurations.     

2.5.  ECG Electrocardiogram (ЭКГ Электрокардиограмма)
Electrocardiogram (ECG or EKG) Solution from Texas Instruments

Block Diagram
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Design Considerations

TI's new ADS1298 provides eight channels of PGA plus separate 24-bit delta-sigma ADCs, a Wilson center terminal, the augmented Goldberger terminals and their amplifiers, provide for a full, standard 12-lead ECG integrated analog front end. The ADS1298 reduces component count and power consumption by up to 95 percent as compared to discrete implementations, with a power efficiency of 1 mW/channel, while allowing customers to achieve the highest levels of diagnostic accuracy [view video].
ECG System Functionality and Evolution

Basic functions of an ECG machine include ECG waveform display, either through LCD screen or printed paper media, and heart rhythm indication as well as simple user interface through buttons. More features, such as patient record storage through convenient media, wireless/wired transfer and 2D/3D display on large LCD screen with touch screen capabilities, are required in more and more ECG products. Multiple levels of diagnostic capabilities are also assisting doctors and people without specific ECG trainings to understand ECG patterns and their indication of a certain heart condition. After the ECG signal is captured and digitized, it will be sent for display and analysis, which involves further signal processing.

Signal Acquisition challenges:

· Measurement of the ECG signal gets challenging due to the presence of the large DC offset and various interference signals. This potential can be up to 300mV for a typical electrode. The interference signals include the 50-/60-Hz interference from the power supplies, motion artifacts due to patient movement, radio frequency interference from electro-surgery equipments, defibrillation pulses, pace maker pulses, other monitoring equipment, etc. 

· Depending on the end equipment, different accuracies will be needed in an ECG: 

· Standard monitoring needs frequencies between 0.05-30 Hz 

· Diagnostic monitoring needs frequencies from 0.05-1000 Hz 

· Some of the 50Hz/60Hz common mode interference can be cancelled with a high-input-impedance instrumentation amplifier (INA), which removes the AC line noise common to both inputs. To further reject line power noise, the signal is inverted and driven back into the patient through the right leg by an amplifier. Only a few micro amps or less are required to achieve significant CMR improvement and stay within the UL544 limit. In addition, 50/60Hz digital notch filters are used to reduce this interference further. 

Analog front end options:

· Optimizing the power consumption and the PCB area of the analog front end is critical for portable ECG's. Due to technological advancements, there are now several front end options: 

· Using a low resolution ADC (needs all filters) 

· Using a high resolution ADC (needs fewer filters) 

· Using a sigma-delta ADC (needs no filters, no amplifier aside from INA, no DC offset) 

· Using a sequential Vs simultaneous sampling approach. 

· When a low resolution (16 bit) ADC is used, the signal needs to be gained up significantly (typically 100x - 200x) to achieve the necessary resolution. When a high resolution (24bit) sigma delta ADC is used, the signal needs a modest gain of 4 - 5x. Hence the second gain stage and the circuitry needed to eliminate the DC offset can be removed. This leads to an overall reduction in area and cost. Also the delta sigma approach preserves the entire frequency content of the signal and gives abundant flexibility for digital post processing. 

· With a sequential approach the individual channels creating the leads of an ECG are multiplexed to one ADC. This way there is a definite skew between adjacent channels. With the simultaneous sampling approach, a dedicated ADC is used for each channel and hence there is no skew introduced between channels. 

2.6.  Endoscope (Эндоскоп)
Endoscope Solutions from Texas Instruments
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Block Diagram

Design Considerations

It is often necessary to inspect a region inside a confined area. In medicine, an endoscope is used to look inside the body to examine organs. Endoscopes can examine gastro-intestinal, respiratory and urinary tracts as well as internal organs through a small incision. An endoscope captures images through its long tube, which can be rigid or flexible.  Additional instruments for cutting, grasping and other functions are often attached to the endoscope to permit minimally invasive procedures that improve patient care and minimize recovery time. When used in a technical application to inspect confined spaces, it is often referred to as a borescope. Borescopes are used to inspect machinery interiors, building walls and to search for victims in collapsed buildings.

Endoscopes, or borescopes, have three basic requirements in common:

· A light source and tube are used to guide the light to the subject A light source to illuminate the subject 

· A tube to guide the light to the subject

· A lens or fiber optic system to capture light reflected from the subject

· An image-capture system to capture, process and store or display the image

TI’s broad product portfolio supports the entire image chain: generating light, capturing an image, signal conditioning and image processing.

LED drivers supply a bright light source with excellent directionality and minimal waste heat. These drivers are versatile and permit selection of LEDs optimized for an application’s spectral requirements. The resolution of current steps impacts the precision of the illumination control; 14-bit LED controllers allow for precise control of illumination levels and illumination timing.

The image sensor detects the reflected light and converts the light to an analog electrical signal. Depending on the image sensor’s location, low-noise line drivers may be needed to transmit the signal over the light tube’s length. Critical considerations for line drivers are low power, noise immunity and data rate. LVDS technology provides up to 800Mbps with voltage swings of a few tenths of a volt and high rejection of common-mode noise.

Essential to the final image quality is the Analog Front-End, AFE. The AFE conditions the sensor’s analog electrical signal and converts image information to a digitized representation. Critical to AFE selection is the ability to condition the signal to correct sensor-induced distortions such as: dark current cancellation; reset level variations; defective pixel correction; and DC off-set variations. Depending on the signal level, the presence of Programmable Gain Amplifiers (PGAs), the linearity of the PGAs and the range of gains available may also be important. During digitization, the number of bits will determine the contrast of the image. Typically, one wants to digitize the initial data with two to four bits more precision than is desired in the final image. Thus, if 8-bits of final image data are required, then initially digitize to 10-bits to allow for rounding errors during image processing. Finally, when color reproduction is critical, then the Differential and Integral Non-Linearity (DNL, INL) should be minimized.

Endoscope: A lighted optical instrument used to get a deep look inside the body and examine organs such as the throat or esophagus. An endoscope can be rigid or flexible. 
Specialized endoscopes are named depending where they are intended to look. Examples include: cystoscope (bladder), nephroscope (kidney), bronchoscope (bronchi), laryngoscope (larynx + the voice box), otoscope (ear), arthroscope (joint), laparoscope (abdomen), and gastrointestinal endoscopes.

2.7.  Field transmitter: Temperature sensor (Полевой преобразователь: Датчик температуры)
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Field Transmitter: Temperature sensor Solutions from Texas Instruments

Block Diagram

Design Considerations

Temperature sensors are used to measure temperature and have a wide range of uses in industrial, commercial applications. Temperature measurements are made using RTD (Resistance Temperature Devices), Thermistor or Thermocouple.

RTD and Thermistor utilize the property of Change in Resistance according to temperature to measure voltage drop across the element and calculate the temperature. A thermocouple is a junction between two different metals that produces a voltage related to a temperature difference, known as Seebeck effect. Ambient temperature is added to this calculated temperature difference to measure actual temperature. The process of measurement of Ambient Temperature is known as cold junction compensation.

Temperature transmitters are of two types. The conventional Field Transmitters working as a part of Industrial control loop that are line or loop powered and the Wireless or Handheld temperature sensors that are battery powered. 

Excitation Technique: RTDs and Thermistors being passive elements need a current excitation source to make measurements. Highly stable and accurately matched current sources with low drift are critical to making 3 wire RTD measurements. TI’s temperature sensor front-ends have high precision on-chip current sources. Accurate measurement of the ambient temperature for Cold Junction compensation in Thermocouple measurements can be made using the high accuracy on chip temperature sensor. Thus the TI analog front-end for temperature measurement is a single chip solution that provides all aspects of signal conditioning needed for RTD, Thermistor and Thermocouple measurements.

Signal Conditioning/Signal Acquisition and Processing: The output range of the temperature sensor is very small and thus the signal needs to be amplified before processing to prevent introduction of errors. The signal chain has to handle the small signal accurately in presence of noise. TI’s temperature sensor front-ends have an input multiplexer, high impedance PGA and high resolution sigma-delta modulator all integrated into a single chip. The low noise, chopper stabilized PGA provides the versatility of scaling the gain as needed in accordance with how small or large the output from the sensor is. High end products also have integrated features for system diagnostics and fault monitoring. A further level of system calibration could be implemented in the MCU. 

Interface and Communication: Traditional analog (4 - 20mA) interface remains the popular choice for industrial control and sensor applications. The other popular protocols include HART, Profibus and IO-Link. TI's IO-Link interface products have integrated regulators and diagnostic outputs. In addition, wireless options based on IEEE 802.15.4 protocols are becoming more prevalent. TI is committed to provide solutions for both traditional and emerging industrial interfaces. 

Power Management: The Field Transmitter can be powered in one of three ways. Line powered transmitters are commonly powered by voltage rails of 12V, or 24V. Loop powered transmitters are powered by the 4-20 mA loop. Such transmitters require extremely low power architectures as the entire solution has to be powered off the loop. TI provides high efficiency Step Down converters with low quiescent current and low output ripple appropriate for Line and Loop powered transmitters. Battery powered transmitters powered can be designed using TI's low power Buck and Buck-Boost converters. The DC/DC buck converters offer over 95% efficiency over a wide battery voltage range, even with input voltage down to 1.8 volts extending battery life. Special Buck-Boost converters generate a stable required output voltage and supply constant current for over- and under-input voltage conditions and support various battery configurations. 

2.8.  Isolated Thermocouple (Изолированные термопары)
Isolated Thermocouple 
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16-Bit Analog-to-Digital Converter For Temperature Sensors 

Diagram

Analog to Digital Converters
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Functional Diagram

Description

The ADS1146, ADS1147, and ADS1148 are highly-integrated, precision, 16-bit analog-to-digital converters (ADCs). The ADS1146/7/8 feature an onboard, low-noise, programmable gain amplifier (PGA), a precision delta-sigma ADC with a single-cycle settling digital filter, and an internal oscillator. The ADS1147 and ADS1148 also provide a built-in voltage reference with 10mA output capacity, and two matched programmable current digital-to-analog converters (DACs). The ADS1146/7/8 provide a complete front-end solution for temperature sensor applications including thermal couples, thermistors, and resistance temperature detectors (RTDs).

An input multiplexer supports four differential inputs for the ADS1148, two for the ADS1147, and one for the ADS1146.
Features (View full Description in Datasheet)
· 16 Bits, No Missing Codes

· Data Output Rates Up to 2kSPS

· Single-Cycle Settling for All Data Rates

· Simultaneous 50/60Hz Rejection at 20SPS

· 4 Differential/7 Single-Ended Inputs (ADS1148)

· 2 Differential/3 Single-Ended Inputs (ADS1147)

· Matched Current Source DACs

· Internal Voltage Reference

· Sensor Burnout Detection

· 4/8 General-Purpose I/Os (ADS1147/8)

· Internal Temperature Sensor

· Power Supply and VREF Monitoring (ADS1147/8)

· Self and System Calibration

· SPI-Compatible Serial Interface

· Analog Supply Operation: +2.7V to +5.25V Unipolar, ±2.5V Bipolar

· Digital Supply: +2.7V to +5.25V

· Operating Temperature –40°C to +125°C

· APPLICATIONS:  Temperature Measurement (RTDs, Thermocouples, and Thermistors)
2.9.  MRI: Magnetic Resonance Imaging (МРТ: Магнитно-резонансная томография)
Magnetic Resonance Imaging (MRI) uses radio-frequency waves and a strong magnetic field rather than x-rays to provide remarkably clear and detailed 2-D and 3-D pictures of internal organs and tissues.

Block Diagram
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Design Considerations

Magnetic Resonance Imaging (MRI) is a non-invasive diagnostic technology that produces physiologic images based on the use of magnetic and radio frequency (RF) fields. The MRI system uses powerful magnets to create a magnetic field which forces hydrogen atoms in the body into a particular alignment (resonance). Radio frequency energy is then distributed over the patient, which is disrupted by body tissue. The disruptions correspond to varying return signals which, when processed, create the image. 

The accurate processing of these signals is key to obtaining high quality images. A key system consideration for the receive channel is high SNR. The return signals have narrow bandwidths with an IF location directly dependent on the main magnet s strength. Some systems use high-speed pipeline ADCs with wideband amplifiers to directly sample the IF, leaving large headroom for post-processing gain by a digital down converter or FPGA. Other systems mix the IF to baseband where lower-speed, higher-resolution SAR and delta-sigma ADCs can be used. 

For controlling the magnetic and RF energy in the MRI, high-resolution, high-speed DACs are needed. High resolution is required to accurately define the area of the patient to be scanned. High-speed is necessary to match the high IFs being generated by the main magnet. DSPs can be used to provide gradient processor control used for properly controlling the magnets in the MRI system. A DSP can also take care of preprocessing the signal before it reaches the image reconstruction engine. 

A wide variety of TI products are available for MRI systems and equipment manufacturers, including op amps, DSPs, multi-channel high- and low-speed data converters, clocking distribution, interface, and power management. 
2.10.  Medical Meters: Portable (Медицинские метры: Портативные)
Portable Medical Instruments such as blood glucose meter, digital blood pressure meter, blood gas meter, digital pulse/heart rate monitor or even a digital thermometer leverage five system level blocks that are common to each.
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Block Diagram

Design Considerations

Portable Medical Instrument Design

Portable Medical Instruments device design: blood glucose meter design, blood gas meter, digital pulse/heart rate monitor and digital thermometer design.

What's New

Go passive. Go battery free! With the Passive Low Frequency Interface Device (PaLFI) TMS37157, power your microcontroller, sensor, and sensor interface at short range by the PaLFI interface without a battery. 

Whether developing a glucose meter, blood pressure meter, blood gas meter, digital thermometer, or a heart rate monitor there are system level blocks that are common to each: Power/Battery Management, Control and Data processing, Amplification and A/D Conversion, a display, and the sensor element itself. These are microcontroller controlled handheld devices that operate on battery and take measurements using various bio-sensors, with the topology of these blocks differing with the sensing, processing and information display demands of the meter type and feature set.

Power consumption is key, driven by the need for extended battery life, and high precision with a fast response time. Requirements such as wireless or wired connectivity, historical data profiling and audio or voice feedback drives the need for microcontrollers with adequate memory. Texas Instruments' portfolio of Microcontrollers, Instrumentation and Buffer Amplifiers, Wireless and Wired interface devices, Power and Battery Management, and Audio Amplifiers provides the ideal tool box for portable medical applications.

The common core subsystems are:
· Analog Front-End/Sensor Interface - Bio-sensor signals in portable meters are slow moving and very low in amplitude. Front-end amplification may be required prior to A/D conversion. Front-end excitation, if required, can be accomplished with a discrete or integrated DAC within the microcontroller.

· Microcontroller - The Microcontroller executes the signal measuring processes and controls interface with memory and peripheral devices. As power consumption is critical, the broad product portfolio of the Ultra low power MSP430 family makes it an ideal processor choice. Their high level of integration simplifies the design and reduces system cost as buffer amplifiers, data conversion, LCD controllers, and user/keypad interface are provided.

· Connectivity - Power consumption, data rate and range are the three key considerations when selecting a wireless interface. The Zigbee protocol provides worldwide coverage, a moderate data rate and duty cycle, and supports a mesh network allowing multiple sensors in the same system with a wide range. Bluetooth and Bluetooth Low Energy® protocols provide for limited range but higher data rate. 
Passive Low Frequency Interface products (PaLFI) are not only capable of providing near field wireless connectivity, but depending on your system power consumption, PaLFI is capable of powering your complete system. 

· Power Management and Conversion - Making power management decisions early in the design cycle will help define system-level tradeoffs necessary to meet run-time targets. Smaller portable medical products may use disposable batteries, whereas larger portable systems might leverage rechargeable battery chemistries. Features such as dynamic power path management (DPPM) permit the system to draw power independently of the battery charging path. This allows a device with completely discharged batteries to be used as soon as it is plugged in, rather than waiting for the batteries to recharge. Also look for features such as Impedance tracking or battery authentication when safety and system reliability is critical. 

· Audio Amplifier - The Audio Amplifier amplifies the audio signal coming either from a PWM circuit or a DAC which can be used to notify users when measuring results are available for example. The DAC is capable to output voice instructions from speech-synthesizer software. 

2.11.  Patient Monitoring (Мониторинг пациентов)
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Integrated multi-parameter portable patient monitoring with OMAP from Texas Instruments

Block Diagram

Design Considerations

Over time, multitudes of portable, single parameter monitors/meters emerged for measuring such things as blood pressure, glucose levels, pulse, tidal carbon dioxide, and various other biometric values. Today, patient monitors are portable, flexible devices capable of being adapted to a variety of clinical applications, supporting various wired and wireless interfaces. Whether the monitor is a single or multi-parameter device; targeted capability, power consumption and system versatility are often key requirements. Nowadays, a monitor can move with the patient from the operating room to an intensive care unit, to the hospital room, and even into their home. This is paramount in today’s world of health care. 

The most important features in today’s patient monitors are mobility, ease of use, and effortless patient data transfer. Mobility includes portability as well as the ability to interface with other medical devices such as anesthesia machines or defibrillators. Ease of use can be achieved with touch screen displays and multilevel menu driven profiles that can be configured for the environment as well as the patient’s vital statistics. Data transfer across everything from wireless to RS232 needs to be possible. Hospitals may support a specific infrastructure throughout all areas; however, ambulance, home and other environments may need support for different protocols. The ever-increasing need to minimize healthcare costs is driving the healthcare providers to move the patient treatment and monitoring outside the hospital. Providing healthcare in highly populated rural and remote areas in emerging economies is driving the need for remote patient monitoring and telemedicine. 

The challenges in implementing such patient treatment and monitoring equipments are strikingly similar to cellular phone systems. TI’s OMAP™ technology with embedded ARM and DSP processor cores directly addresses these challenges. TI has extensive analog front end solutions for essential signal conditioning. The OMAP 3 processor performs further digital signal processing, measurements and analytics to monitor patient condition. Powerful ARM processor runs a high-level OS (HLOS) which makes adding multi-modal monitoring easy and provides extensive user interface and system control. Detecting abnormal conditions and communicating to a central server is essential in providing timely and on-demand healthcare. OMAP 3 has extensive peripheral set to support various connectivity options such as Bluetooth, WiFi, Zigbee and other emerging standards. 

2.12. Pulse Oximeter (Пульсоксиметр)
Medical Solutions from Texas Instruments

Block Diagram
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Design Considerations

Overview

TI's TMS320C5515 DSP Evaluation Module together with TI's pulse oximeter analog front-end module make up the new C5505 PO or SpO2 Medical Development Kit (MDK) which provides developers access to a development tool set that offers a complete signal chain solution along with software to save months of development time and for portable patient monitoring applications that demand battery efficiency.

Pulse oximeters measure arterial blood oxygen saturation by sensing absorption properties of deoxygenated and oxygenated hemoglobin using various wavelengths of light. A basic meter is comprised of a sensing probe attached to a patient's earlobe, toe, finger, or other body locations, and data acquisition system for the calculation and display of oxygen saturation level, heart rate, and blood flow.

Low-End Portable Pulse Oximeter

For low-end designs, TI's family of highly integrated MSP430 Ultra-Low-Power microcontrollers (MCUs) reduces the number of external components needed in the design. Since elements of the signal chain, power management and display driver are integrated into the MCU.

Signal Acquisition Challenges: An inverting resistor-feedback configuration is commonly used with the gain amplifier in the signal chain. However, large feedback resistor values may drive extreme output swings with small changes in light intensity due to the sensitivity level of the circuit. Some designs may benefit from driving the output swing down to or below ground. Dual supply Auto-zero trans-impedance amplifiers allow the output swing to ground and single supply devices swing very close to ground. A pull-down resistor tied to -5V allows the output to swing slightly below ground, minimize errors as the output gets very close to 0V. TI offers a family of transimpedance amplifiers that provide extremely high precision, excellent long-term stability, and very low 1/f noise.

Mid-Range and High-End Portable Pulse Oximeters

For mid and high-end implementations, higher performance processors and higher precision analog components with low supply current could be required. TI's low power DSP technology can eliminate signal distortion caused by other light sources or motion occurring while readings are taken, extracting only the signal of interest. DSP technology allows accurate readings of very low level signals through sophisticated algorithms. This additional processing capability is very useful in pulse oximeters measuring the absorption of additional wavelengths to detect the saturation of other species of hemoglobin.

Signal Acquisition Challenges: TI's precision switched integrator transimpedance amplifiers do not have the thermal noise of feedback resistors and do not suffer from stability problems commonly found in transimpedance amps using large feedback resistor. Using one photodiode with two integrator transimpedance amplifiers eliminates dark current and ambient light errors, since errors common to both can be subtracted. Additionally, these amplifiers allow for synchronized sampling at an integer multiple of the AC line frequency, providing extremely high noise rejection. Transimpedance gain can be easily changed by manipulating on-chip settings. Also, TI's high precision ADCs offer small packaging, excellent AC/DC performance, and single-chip solution for measuring photodiodes.

In general, Pulse Oximeters require ultra-low power consumption, and low noise power rails; in order to support extended battery life and precision measurements. TI's buck-boost converters provide support for Li-ion battery technologies, and 96% efficiency. For additional low noise power rails, high PSRR LDOs are also available. Requirements for wall-plug and USB-port charging can be addressed with the TI's linear lithium low single-cell charger family. Innovative next-generation gas gauge solutions are offered with "Impedance Track" to automatically learn/detect battery characteristics, extending both battery life and system run time.

2.13. Stethoscope: Digital (Стетоскоп: Цифровой)
Digital Stethoscope Solutions from Texas Instruments

Block Diagram
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Design Considerations

TI's TMS320C5515 DSP Evaluation Module together with TI's digital stethoscope analog front-end module make up the new C5505 DS Medical Development Kit (MDK) provides developers access to a development tool set that offers a complete signal chain solution along with software to save months of development time and for portable patient monitoring applications that demand battery efficiency.

The main elements of a Digital Stethoscope are the sensor unit that captures the heart and lung sounds (also known as auscultations), digitization, and digital processing of the auscultations for noise reduction, filtering and amplification. Algorithms for heart rate detection and heart defect detection may also be included.

Power and Battery Management are key in this ultra-portable diagnostic tool, where key design considerations are ultra-low power consumption and high efficiency driven by the need for extended battery life, and high precision with a fast response time allowing quick determination of the patient's health status. Additional requirements may drive the need for recording the auscultations, cabled or wireless interfaces for transmission of the auscultations. Also, to enable ease of use, features like touch screen control and display backlighting are key to usability of the device. Adding all these features without significantly increasing power consumption is a huge challenge.  Texas Instruments portfolio of Processors, Instrumentation and Buffer Amplifiers, Power and Battery Management, Audio Codecs, and both wired and wireless interface devices provides the ideal tool box for Digital Stethoscope applications.

The common core subsystems of a Digital Stethoscope are:

· Analog Front-End/Sensor Interface and Codec
Auscultations signal input is amplified and then digitized by the Audio Codec. Auscultations signal after being digitized and subjected to signal processing, is converted to analog and sent to the stethoscope earpiece.

· Low Power Processor
Processors capable of executing all of the digital stethoscopes signal processing including key functions such as noise reduction, algorithms for heart rate detection, and heart defect detection while maintaining a very low constant current draw from the battery are good fit. The ability to control interfacing with memory and peripheral devices is also helpful. Given the nature of the device, processors that can manage the digital display and keyed functions allowing auscultation waveforms to be displayed and manipulated without additional components are ideal.

· Data Storage and Transmission
The auscultations can be recorded on MMC/SD card, or on a USB device. It can also be transmitted via wireless capability such as Bluetooth.

2.14. X-ray: Medical/Dental (X-Ray: Медицина / Стоматология)
X-ray: Medical/Dental Solutions from Texas Instruments
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Block Diagram

Design Considerations

What's New

Integrate and save power with the AFE0064, 64 channel analog front end for flat panel digital X-Ray systems. This device includes 64 integrators, a PGA for full scale charge level selection, correlated double sample, 64 as-to-2 multiplexer, two differential output drivers and a power saving nap feature.

Digital x-ray imaging is revolutionizing diagnostic radiology. With conventional x-ray systems, the signal degradation from each component consumes more than 60% of the original x-ray signal. At each system stage, the x-ray signal is degraded to some extent, even if the individual components are optimized for the application. As a result, typically less than 40% of the original image information is available to produce an image. By adding a digital detector to digital x-ray imaging, it’s possible to capture more than 80% of the original image information and use a wide-range of post-processing tools to further improve the image. Other digital x-ray technology advantages include: reduced patient dosage, reduced diagnosis time by elimination of photographic processing, reduced costs by eliminating photographic processing chemicals, processing image data to highlight regions of interest and suppress irrelevant information; combining image data with other pertinent patient RIS/HIS systems information available; quickly transmitting the information anywhere over network connections; and archiving all desired information in a minimal space. There are two different approaches to digital x-ray technology, direct and indirect.

Direct Conversion
In direct conversion, flat-panel selenium detectors absorb x-rays directly and convert them into individual pixel electrical charges. In indirect conversion, x-ray signals first are converted to light, then converted to electric charges. Both tiled CCD (charge-coupled device) arrays and computed tomography use indirect conversion technology. Tiled CCD transitional technology employs multiple CCDs coupled to a scintillator plate via fiber optics. Computed tomography involves trapping electrons on photo-stimulated plates and then exposing them to generate image data. In both approaches, charges proportional to x-ray intensity seen by the pixel is stored in the Thin Film Transistor (TFT) storage cap. A number of such pixels form the Flat Detector Panel (FDP). The charges are deciphered by read-out electronics from the FDP and transformed into digital data.

The following block diagram shows the readout electronics required for direct imaging to convert the charge in the FDP to digital data. It has two chains: the acquisition and the biasing ones. At the beginning of the acquisition chain, an analog front-end is capable of multiplexing the charges on different FDP (channels) storage caps and converting these charges into voltage. The biasing chain generates bias voltages for the TFT array through intermediate bias-and-gate control circuitry. Digital control and data conditioning is controlled by an FPGA, which also manages high-speed serial communications with the external image processing unit through a high-speed interface (serialized, LVDS, optical). Temperature sensors, DACs, amplifiers and high-input voltage capable switching regulators are other key system blocks. Each block must have an enable pin and synchronize frequencies to avoid crosstalk with other blocks in the acquisition chain. The number of FDP pixels will determine the number of ADC channels vs. the ADC speed. Static or dynamic acquisition also determines the ADC speed. While static acquisition means a single image in less than 1s, dynamic means an image is refreshed at 30Hz, for more specific cardiovascular, fluoroscopic or related applications that require much faster data conversion with the same number of channels. An ADC in the range of 2MSPS and more with excellent DC performance will work well.

Indirect Conversion
For indirect conversion, the  CCD output requires correlated double sampling (CDS). The signal level’s reset voltages and image signal level are converted to digital data by an Analog Front End (AFE).. The sampling speed of the AFE is determined by the number of pixels in the CCD array and the frame rate. In addition, the AFE corrects sensor errors such as dark current correction, offset voltages and defective pixels. Depending on the signal level, the presence of Programmable Gain Amplifiers (PGAs), the linearity of the PGAs and the range of gains available may also be important. During digitization, the number of bits will determine the contrast of the image. Typically, one wants to digitize the initial data with two to four bits more precision than is desired in the final image. Thus, if 8-bits of final image data are required, then initially digitize to 10-bits to allow for rounding errors during image processing.

The main metric for image quality is “Detection Quantum Efficiency” (DQE), a combination of contrast and SNR expressed in percentage. The higher the contrast and lower the noise, the higher is the DQE. Contrast is the number of shades of gray, determined by the ADC’s output resolution Generally, 14-bits or 16-bits will be suitable for the application. SNR indicates not only SNR from the ADC, but system SNR impact from x-ray dose, pixel size and all electronic components. SNR can be improved by increasing x-ray dose, increasing photodiode spacing and decreasing electronics noise. Increasing the x-ray dose is not suitable for patients or operators. Increasing photodiode spacing may also not be suitable, because this decreases spatial resolution. Decreasing the noise from the system’s electronics is the main challenge. The total noise in the system is: root-square-sum of all noise contributions over the signal chain assuming all are uncorrelated. This means that all parts have to be ultra-low noise or heavily filtered when applicable including ADCs, op amps and references. Stability over temperature is another important challenge. Internal temperature increases due to power dissipation may off-set gray levels and distort an image especially during dynamic acquisitions. Hence, temperature stability of ADCs, op amps and references should be high.
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