Chapter 6

Description of DSP-Based Signal Averager Hardware

Infroduction

From block diagram 4-1, a \al averager configuration has shown some
disadvantages for using in NMR i aﬁ&:\mfi% unit, a fixed hardware is often used fo
perform the specific clgori’rhm&éf 3 the memory configuration. Thus, the
arithmetic unit and the confi memory l@currenﬂy considered in the desngn
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Fig. 6-1 Block diagram of DSP-based signal averager hardware.

Tﬁe DSP-based signal averager for NMR imaging systems based on TMS32010 has
been developed. Averaging computation is implemented through the developed software
which described in chapter 7. The structure of memory can be defined fo satisfy the specific
case. Operating procedures are controlled by a microprocessor. In the following sections, the

required specifications are presented. The descriptions of each parts are also demonstrated.
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1) Signal Input

- 2 channels input with sensitivity, polarity, and offset control.
- Variable-frequency low-pass filter on each input.

- 1 extemal trigger input with threshold and slope control.

1 extemal dwell fime input.
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nd recording.

Comger interfacing logic for procesinA

The slgnalovercger have be%n construc’red from 5 parts: memory part, MCS32 part,
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Fig. 6-2 Simplified block diagram of the 5 hardware parts.
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1) Memoty Part

Control

v

Address
Counter

32k x 16-bit

The memory part is OMposs of two separate units: 32k words and

8k words. The first unit is used to Sfore 1H& o« €d data which can be defined the siructure by
the processor. Since a typica re :
- memory of TMS32010, the rcndai'g(a'q‘;"éjé;?’ nefr

instructions. The memaiypart can be accessed individually by 2 or TMS320 part.
4 S

1.1) IM u;! Progr: ' m

As mentioned in gfer 5, fast mer&,nes with access times of under 100ns are
required for the ROMs with access fimes
above 200ns orﬁm'ﬂﬂﬂAﬁﬁmﬂﬁn% of 100 ns and above
can be found in gianercl store. Two im‘%rated circuits€iC) of 6264 typefwhich are 8k x 8-bit are
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the progrcﬂ‘n from its ROM info this area.

ROM) is not fast enough for the program

ry (RAM) of 8k words is used to store the

1.2) Data Memory

By the limitation of TMS32010, the capacity of on chip data memory is 144 words which
is not enough for performing the task required by NMR imaging. To overcome this problem,
external memory extension technique is implemented. Two 62256 RAMs are used to build 32k x
16-bit data memory. A set of external address counters is conirolied by making use of data

bus and /O capability of TMS32010. To access the data merhofy, the desired beginning
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address must be presented to the memory part. The further operation of read or write in

memory part will increment the address by one.

2) MCS32 Part

. The heart of MCS32 part is 8032 microprocessor which is one of the MCS-51 family. The
most interesting aspect of this microprocessor is its BASIC interpreter which resided in a

separate ROM. This means that a control program can be easily developed by using simple

- BASIC Intepreter
ROM

LCD BASIC Program - |
Emcoder | ogle 7 I |4 Bl | TMss20 Pregram |

Backup RAM

8032 microprocessar js-one of the MCS—,ﬂ, family. It is designed primarily for using as an

embedded corﬂll%JT%J ’}% ﬁ»%w Ej, frons ﬁ ment language makes it

popular among ‘developers. However, in some a ere execution speed is

requireqqsﬁg;j1 is 'n n BASlCﬁd'used in menu-driven
control agm“am r n'r n: rogrcm.

2.2) BASIC Program ROM and TMS320 Program ROM

A BASIC program ROM is the memory area that the conirol program written in BASIC
language resides. TMS320 program ROM contains the signal processing program of TMS32010

which fransferred to the memory unit in the power-on sequence. -

2.3) Backup RAM
Random access memory (RAM) is a kind of volatile memory in which its memory will

lost when power down. In some sifuation where some variables must be often modified and
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saved, a battery is used fo supply the power for RAM in power down mode. For example,

many of setting parameters in this design is saved by using this fechnique. '

2.4) Interface Logic

interface logic Is the unit that makes the connection of microprocessor to the real
world possible. For interactive input, a liquid crystal display (LCD) and an optical encoder are
used to simplify the operating procedures.

3) IMS320 Part

Part

2010 digifal signal processor
trol program written in assembly language.
which fransferred o the memory
part on power up.

4) TMS32010 Part

The TMS320 IO the digital section of TMS320

part and the analog
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Fig. 6-6 Block diagram of the TMS320 1O parts.
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4.1) Anglog to Digital Convertor
An ADC is a device that convert analog signal into digital representation. In TMS320 IO

part, a flash ADC of CA3318 is used to convert the output signal from the analog part which is in
0-5V.range.

4.2) Digital to Analog Converfor
A DAC is a device that convert dlgh‘al representation into analog signal. After
d TMS32010 will sent the result to this DAC

averaging process of each scmple is
whereas Its oufput can be conn ope Thus, the processed signal can be

observed during the averogl

ate the sequence. The signal is
. An external dwell signal which is

An external 'rrlgge
converted in to digital level

in digital level are buffere

5) Andlog Part

Chi ’

Input

Fig. 6-7 Block dicgram of the analog parts.

The an ists cthls input which is amplified by the input
preamplifiers. Th W'E}A The amplified signals are

sent fo the low—p&s filter. After selecteod channel from the mul'nplexer is held by the sample-

:::og mmmgm ﬁﬂw \ETWT aoﬂlnfo unipolar form
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